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PREFACE
ICAR Research Complex for NEH Region with its six regional centres is a unique institute which
encompasses all the disciplines of agriculture, horticulture, agricultural engineering, agro forestry, animal
and fishery science and social sciences. During 2008 – 09 efforts were made to address the key research
issues in the region. During this period the institute not only worked to develop technologies for improving
productivity of agriculture and allied sector in the region but also studied the potentials of untapped
resources and opportunities. Research on cutting edge technologies viz. bio-prospecting, precision farming,
crop bio-dynamics, bio-sensor, allele mining and carbon sequestration were initiated.
As documented in the report, the institute aimed at improving agricultural and livestock productivity
by blending of known and new technologies, testing, refining and demonstrating through its strong
extension programme. Research on organic agriculture, integrated farming system, crop-biodynamics,
conservation agriculture, climatic changes, and market intelligence are the focused area of the institute.
The institute developed web-based soil fertility management programme, soil-plant-animal continuum,
GIS-based morphometric analysis of watershed and soil mineral mapping. In horticulture sectors
significant progress were made in cultivation of passion fruit, strawberry, kiwi, king chilli and post
harvest technology. In animal science sector, for the first time in the country artificial insemination with
cryopreserved semen in pig was successfully used to produce improved piglets. In addition, breeding
improvement and conservation of livestock and poultry, low cost feed formulation for pig and development
of diseases diagnostic kits etc. were achieved.
In an effort to develop human resources from within and outside the institute, various training
programmes, distance education through IGNOU, guidance to Ph. D. students, M. Sc students from
College of Post Graduate Studies, CAU Campus and other universities in different disciplines were
supported. Moreover, scientific, technical and administrative staff were deputed for advanced training
in India and abroad.
The institute also arranged a number of seminars, symposia, workshops, meetings etc. on upcoming
issues of interest for both scientific and farming communities besides feeding the electronic and print
media with important technologies evolved, forecasting reports etc.
All these work were possible due to constant efforts and encouragement received from our esteemed
and concerned Director General, ICAR and Secretary, DARE, Government of India, Dr. Mangala Rai
and the ever persuasive and committed Deputy Director General (Natural Resource Management), ICAR,
Dr. Anil Kumar Singh, in addition to internal support from all my colleagues in the institute. It would be
our collective effort to ensure that the present pace of research and development sustains.
I compliment the editorial board for the pain they took in compiling this report.

(S. V. NGACHAN)
DIRECTOR
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1. EXECUTIVE SUMMARY
The commodity wise location specific research
conducted during 2008-09 is summarized below:
In crop production research at Umiam,
Meghalaya, aromatic slender grain rice varieties
IET 17278 (4.38 t/ha), IET 17281 (4.24 t/ha) and
RCM 16 (4.17 t/ha) were found promising. Out of
23 upland rice lines tested at Arunachal Pradesh
(AP), SRS-5 gave the highest (3.25 t/ha) yield. At
Mizoram centre, maximum grain yield of rice 1.92t/
ha was recorded with RCPL1-115, in the upland
rice, which was 0.5 t more than Bhalum1. The fine
rice variety RCPL-1-76 recorded yield of 6.7t/ha.
At Nagaland centre, upland rice genotype RCPL1-117 performed best (3.4 t/ha) in the RCRT trial.
Among aromatic rice varieties, IET 16313 recorded
6.8 t/ha grain yield. RCPL 1-10 C as cold tolerant
variety for higher altitude has been released from
Meghalaya as Megha rice-3. This variety has the
yield potential of 3.5 t/ha with duration of 140 days.
Nursery technology and suitable age of seedling
for pre-kharif rice production was standardized.
Maximum yield 3.28 t/ha in IR 64 was recorded
with March end transplanting of 45 to 60 days old
seedlings. Weed biomass was higher (2-4 times)
with minimum tillage as compared to conventional
tillage in low land paddy. At AP centre under crop
production research, cultural practices with low
input were evaluated for wet land rice varieties.
Maximum yield (3.96 t/ha) was obtained in VL-61
variety + puddling. Evaluation of organic sources
of nutrient indicated maximum grain yield (4.1 t/
ha) in rice-pea cropping system with Luit +
Tephrosia. At Nagaland centre, integrated nutrient
management in paddy showed highest yield in crop
residues + vermicompost + biofertilizer treatment
(4.25 t/ha) and similar result was also observed in
maize (2.35 t/ha).
In plant protection research, rice leaf folder
incidence was reduced (73%) with Beauveria
bassiana @3 kg/ha. Among new insecticide
Rynaxypyr 4% G @ 3g a.i./ha and Rynaxypyr 20SC
@ 30 ml a.i./ha significantly reduced rice pest for
the second year. Out of 1324 entries tested against
rice blast disease Pyricularia grisea, 60 entries

were found to be resistant. Effective control of rice
weevil (Sitophilus oryzae) with plant product of
Plectranthus ternifolious was reported from
Manipur centre.At Tripura centre low incidence of
sheath blight was noted in varieties Katak, Tara,
Garo, Maloti, Adma, TRC87-251, RCPL1-115 and
Bhalum 2. At Sikkim centre, two sprayings of neem
products Nimbicidine® (3 ml/l) or Achook® (3 ml/
l) at vegetative stage and one spraying of M.
anisopliae or B. bassiana at boot leaf stage of the
crop were found effective for management of rice
pests in organic farms.
At Mizoram centre, the maize var. Vivek HY21was found promising. In crop improvement
sweet corn, entry RCSC 7 registered the highest
kernel yield (6.3 t/ha) at Sikkim centre. In popcorn,
maximum popping was in Nagaland Local (94.3
%) followed by Sikkim Primitive 2 and 3 (94 and
83.3 %, respectively). The kernel yield was highest
in Sikkim Primitive 3 (8.9 t/ha). In the baby corn,
higher ear yield was obtained in RCBC - 6 (7.85 t/
ha).The high yielding composites were Megha
Composite (7.9 t/ha), RCM 1-1 (7.1 t/ha) and
Pratap 1(6.5 t/ha).
Out of 79 maize genotypes tested, 49 were
resistant to turcicum leaf blight. Application of
Steirnonema carpocapsae @ 5 mj/ha at silk stage
controlled maize cob borer. Optimum sowing time
for less insect damage and increased yield under
Sikkim condition was 1st fortnight of March. Two
larval parasitoids, Apanteles sp and Chelonus sp
were reported against Mythimna separata. Among
the locally available botanicals 5% extract of
Artemisia vulgaris effectively controlled the
population of M. separata and P. signata. 1% and
6% concentration of P. ternifolios recorded highest
knock out on maize weevil (Sitrophilus zeamais).
Residual effect of acid soil amendments on
maize productivity was studied using various rates
of lime (LR) agricultural and paper mill lime. The
application of lime @ 30-40% of LR gave the
optimum yield. Residual effect of paper mill sludge
(PMS) and agricultural lime (AL) applied in 2007
was observed in 2008. The application 10t PMS/
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ha + AL (10% LR) gave optimum productivity of
maize. Maize grain yield increased linearly with
lime rates irrespective of sources.
Photo-insensitive F7 single plant progenies of
rice bean were evaluated. Thirty-eight F7 lines were
at par with the checks for yield/plant. This material
holds promise as extra early genotypes. Four high
yielding pea genotypes i.e. P7-501 (2.36 t/ha), P7506 (1.88 t/ha), P7-526 (1.94t/ ha) and P7-525 (1.81
t/ha) were identified. In rice fallow, amongst seven
linseed varieties, JRF 3 recorded the highest yield
(0.32 t/ha) and lentil vars. L307, L 305, L 303and
L 301 were found promising recording yield of 1.81.9 t/ha under zero tillage. In the pigeon pea trial
at Manipur maximum seed yield was recorded in
accession-101 (3.2 t/ha) followed by accession-102
(2.9 t/ha), accession-123 (2.617 t/ha) and UPAS120 (2.612 t/ha). In wild crosses, highest
crossability was recorded in the cross UPAS-120
X Cajanus scarabaeoides followed by ICPL-98015
X C. scarabaeoides and ICPL 88034 X C.
scarabaeoides. Bioecology of pea pod borer was
studied at Umiam. Pest population attained peak
in the 3rd week of February. NSKE 5% gave better
control of the pest.
In IVT trial, soybean genotypes P5 14505 (1.35
t/ha), Dsb 11 (1.34 t/ha) and JS 20-18 (1.37 t/ha)
were found superior to best check. Out of 35
varieties screened against soybean rust, no variety
showed resistance against rust. With apiculture,
sunflower gave 2-3 times higher yield of seeds as
compared to control. In rape seed mustard, out of
five lines tested at AP centre, TS-38 recorded 0.92
t/ha yield. Under Nagaland condition groundnut
var. FESEG –10 recorded highest yield (3.28 t/ha).
At Sikkim, soybean var. PK-1042 gave higher yield
(2.63t/ha) with FYM @ 10 t/ha. Maximum raya
saag i.e. 18.8 t/ha was harvested from the soybean
plots applied with 10 t/ha FYM.
Crop intensification in marshy land was tried
using groundnut based intercropping system. The
highest system productivity of 6.4 t/ha groundnut
equivalent yield was recorded with a groundnutlentil which was at par with groundnut- rajmash.
In toria based cropping system, raised beds in
lowland area recorded 52% higher yield over dry
upland terraces. The productivity of soybean and
groundnut crops could be maximized with
application of recommended dose of fertilizer and
lime (40% LR) along with FYM 5t/ha in acid soil.

Farming system (FS) research on micro
watershed in eight different FS viz. dairy based FS,
mixed forestry, silvi-pastoral FS, agri-horti-silvipastoral FS, silvi-horticulture, natural forest and
timber based FS is being continued in all centres.
In Tripura, the benefit: cost (B:C) ratio of crops
grown was found to be 2.75 for upland rice- French
bean-capsicum. Amongst fruit plantations, banana
showed maximum BC of 3.52 while, among other
components, fish recorded maximum B:C ratio of
4.51. Among various livestocks, the daily weight
gain of pig was 340g/day. Fish fingerlings stocking
density of 9000/ ha recorded maximum fish
productivity of 1.0 t/ha when integrated with
poultry (200birds/batch) or goat (12/ha). In
cropping systems research, at Sikkim centre, maize
(Vivek Sankul Makka-11) and blackgram produced
grain yield of 4.52t/ha and 0.73t/ha, respectively.
Organic manure was prepared in 90 days by pit
method using weeds, i.e. Artemisia vulgaris,
Eupatorium odoratum, leaves of Alnus nepalensis,
Schima wallichii, cow dung and soil in the ratio
10: 4: 0.5. Soil health cards were developed and
distributed in Meghalaya and Tripura. At Sikkim,
analysis of 13 plant species leaves used for compost
making showed rise in N and P contents in the
compost as compared to green leaves. Five tonnes
cattle manure + biofertilizer produced 3.84 t/ha rice
yield. Organic farming technology for rice and
maize based cropping systems involving
vegetables, pulses and oilseeds has been
standardized in Meghalaya.
Several plant-based bio-organics were
developed to control pest and diseases and to
enhance productivity of different crops. They were
found to enhance the yield of rice (6.5-32.1%),
maize (8.4-25.4%), groundnut (17.9-33.7%),
soybean (22.6-24.1%), black gram (34.2-46%)
mustard (28.6%) and turmeric (45%) substantially.
In vermicompost research, efficiency of
indigenous earthworm, Perionyx excavatus was
found at par with exotic Eisenia foetida. An
aqueous extract of Melia azedarach was effective
against cabbage butterfly. At Sikkim centre
Nimbicidine and Neemazal @ 3ml/l were found
effective against shoot borer, leaf roller and
grasshopper of ginger. Metarhizium and Beauveria
were effective against white grub. At Manipur
centre, application of vermicompost @ 8t/ha with
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was recorded with pig manure application (15 kg/
plant). In HDP trial, 3x3m spacing recorded highest
fruit weight (122.2 g) and juice content (63.4 ml).
Out of 11 guava cultivars tested at HQ, RG-1
recorded the highest yield (12.8 kg/plant). In
addition, 30 cm terminal pruning delayed fruiting
by 2 weeks with MH @ 1000 and 2000 ppm. At
the AP centre guava var. L-49 recorded highest
yield (72.8 kg/tree) under 4x4 m spacing. Offseason production of strawberry was standardized.
Low chilling var. plum ‘Kala Amritsari’ showed
better growth when compared to Santa Rosa, Doris
and Japanese plum. Agro techniques for strawberry
and passion fruit were standardized. Among low
chilling peach var. Sharbati recorded the highest
(933) fruit/plant.
At Sikkim centre kiwifruit var. Hayward gave
maximum fruit yield of 1.23 t/ha .Maximum
rooting (90%) was recorded in the cuttings treated
with FYM and IBA 4000 ppm. The average degree
of polyembryony in mandarin was reported to be
67.8%. The frequency of occurrence of zygotic
seedlings was negatively correlated with nucellar
seedlings but positively correlated with the
occurrence of zygotic twins. The yields of ginger,
maize, mustard and soybean in association with
mandarin fruit trees were 17.3, 3.6, 0.74 and 1.4t/
ha, respectively. The sole yields were 22, 4.6, 1.2
and 1.85 t/ha respectively. In mandarin orchards,
the incidence of major pests i.e. trunk borer, bark
eating caterpillar and shoot borer ranged from 12.525.0 %, 15.0 – 30.0% and 5.0-15.0% respectively.
The fruit fly infestation was 23 - 38 %. At Tripura
centre, staggered planting followed by chemical
application (Ethrel) at attainment of physiological
maturity of plant was observed as best method for
year round production of pineapple.
Meghalaya Tomato-3, 4 and 5 lines were found
promising. Rocky and Meghalaya Tomato-1 were
best for off-season production under polyhouse.
Megha Brinjal-2 recorded the highest yield (45 t/
ha). Storage studies of 11 genotypes at 33 + 2oC
room temperature indicated that genotypes
remained in good condition up to 10 days. In
cabbage var. Green Challenger higher yield was
recorded (43 t/ha) with application of 0.1% sprays
of Na molybdate. Broccoli var. Pushpa recorded
the highest yield (18.3 t/ha) with vermicompost 1
t/ha + FYM 10 t/ha + NPK. Package of practices

Azospirillum and PSB resulted broccoli yield of
18.68 t/ha compared to recommended dose of NPK
yielding 18.27 t/ha. Biopesticide Delfin 3G @ 2g/
l was effective against cutworm, leaf eating
caterpillar in large cardamom.
Water quality assessment was done in samples
from Meghalaya, Tripura and Manipur for
pesticides residue, pH, chemical and microbial
load. Out of 93 samples analyzed, monocrotophos
was dominant followed by endosulphan. pH varied
from 6.21 to 7.51, nitrate ranged from 1.2 to 8.5
mg/l and phosphates 0.03-0.89 mg/l. Water from
Umshyrpi (Shillong) and Kynshi (Nongstoin) rivers
were found unsafe for use having high microbial
loads with most probable number (MPN) index of
1100 and 460, respectively.
In water use efficiency trials with pea, 14-30 %
yield increase was noted under straw mulched plots.
Participatory action research programme was taken
in four districts of Meghalaya for in- situ moisture
conservation. Under NABARD funded project, 40
jalkunds, 10 in each state i.e. Meghalaya, Nagaland,
Manipur and Tripura were demonstrated for
providing life saving irrigation in lean season.
Hybrid oyster mushroom strains PSC05
recorded 90% biological efficiency (BE) i. e. 900g
fresh mushroom / kg paddy straw. Oyster
mushroom Pleurotus sajor-caju gave 98.8% BE
with rice bran supplementation at AP centre. At
Manipur centre locally available substrates were
tested for spawn production of oyster mushroom.
Banana pseudo stem + paddy grain substrates (1:1)
were fully colonized in 14 days by mushroom
mycelium of Pleurotus sp., whereas it took 28 days
for full colonization of banana pseudostem. The
paddy grain substrate was fully colonized in 17
days. Under Tripura condition in paddy straw
mushroom, 19-22 % BE was obtained on partially
decomposed compost.
In horticultural research at the HQ, amongst five
rootstocks evaluated, Khasi mandarin grafted on
C. taiwanica showed the highest fruit (80nos/
plant). Black polythene mulch recorded minimum
weed density (0.42 kg/m2). Biology of citrus leaf
and trunk borer indicated that adult beetles were
active up to end of August. They spent maximum
time in mating. Egg lying was observed during
1930- 2130 hrs. At Arunachal Pradesh centre,
highest fruit yield (72 kg/tree) of Khasi mandarin
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studied. It was found that oxalic acid increased up
to six months irrespective of cultivars and then
decreased. Analysis of curcumin content of 12
turmeric varieties revealed that it was maximum
at five months after planting. Total protocols were
developed for making ‘Tooty- fruity’from chowchow and RTS from passion fruits. At AP Centre,
maturity indices and value addition studies were
done in local fruit ‘Taktir’ (Garcinia latifolia).
In agro-forestry research, among 13
provenances of Jatropha, PDKV–Akola exhibited
maximum number of pod (60) bunches/ plant. At
Nagaland centre, 11 Jatropha provenances were
evaluated and Molvum cultivar showed the highest
growth. Through Agroforestry interventions and
integrated farming system, about 165 hectares has
been restored in Nagaland. At Sikkim centre, a
combination of large cardamom var Sawney with
Alnus nepalensis performed best. In guava based
AFS, the yields of maize and mustard were 3.5 t/
ha and 0.67 t/ha respectively.
At Manipur centre, the virus infecting Jatropha
and Ageratum conyzoides weed was identified as
Tomato leaf curl geminivirus based on sequence
homology of AC 4 gene of the virus. Banana pseudo
stem produced highest amount of biomass in the
IIFS. A herbal garden for medicinal use was
developed. Maize based cropping system was
found to be the best from the edaphic suitability,
productivity (3.0 t/ha) and utility point of view.
Animal components like Khaki Campbell duck,
poultry and fish were included along with MPTs.
Evaluation of MPTs was done. At Tripura centre,
oil content in Patchouli was influenced by intensity
of sunlight. Under shaded areas, oil yield ranged
from 27.56 to 33.6 ml/kg of dry herbage, whereas,
those under open recorded 37.12 to 41.43 ml/kg of
dry herbage.
In animal science, sperm membrane integrity,
mitochondrial membrane potential, capacitation
status and DNA integrity using different fluorescent
staining methods were standardized and evaluated
for fresh and preserved boar spermatozoa. Boar
semen was cryopreserved successfully. Belts Ville
Thawing Solution -lactose egg yolk extender was
found suitable for cryopreservation of boar semen.
The impact of artificial insemination in pigs at
farmer’s field was studied. It was found that the
80% of the adopted farmers was highly satisfied

developed for knol-khol, spinach, leafy mustard
and okra for cultivation under Arunachal condition.
Colocasia var BCC-1 recorded the highest cormel
yield (7.5 t/ha).Sweet potato var. Kokrajhar Local
recorded the highest yield (28.6 t/ha). At Manipur
centre, among the advanced lines of tomato RCT
9 was the highest yielder (44.24 t/ha) and among
the brinjal lines RCMB 10 was the highest yielder
(30.30 t/ha). The lines RCMB 5, RCMB 6 and
RCMB 9 were free from bacterial wilt. In French
bean, MFBR 10A gave highest yield (24.46t/ha).
Dolichos bean accession no.1296 recorded highest
yield (23.78 t/ha). Sweet potato line ST-12 was
found best (25.36 t/ha) followed by Gouri (23.99
t/ha). At Mizoram centre, tomato hybrids viz.
Arvind, Rita, NIZ-124, Avinash-2, NP-169, BSS3000, TO-017, TO-1458 and Pusa Divya performed
better than Pusa Hybrid 1. Mulching of broccoli
field with locally available dried grasses increased
the yield by 15-30 % and saved the water up to 3070 %. Tomato var. Anup and All Rounder
performed better under protected conditions with
the yield of 4.8 kg/plant. The return from tomato
was Rs 110.5/m2 and the cost benefit ratio was
1:3.2. In cauliflower (Hybrid 497), applications of
borax 0.5% spray + lime 2 t/ha recorded the highest
yield (25.5 t/ha).
At Sikkim centre, more than 30 germplasm of
chilli were collected and evaluated. Maximum fruit
yield was recorded in Collection-6 (3 kg/plant).
Maximum shelf life of cherry pepper was 5 days
at room temperature, while in chilli pepper it was
only 3 days. Under 40C maximum shelf life was
20 days.
In floriculture research, out of six varieties of
gladiolus evaluated, Casa Blanca, was found best.
Soil: sand: vermicompost (1:1:1) was best potting
medium for cormel production. Pre soaking of
corms in benzyl adenine 100 ppm produced
maximum no. of shoots/plant. Gerbera var. RCGM117 produced maximum (12.2) flower/ plant, Wild
ornamentals like Hedychium, Montbretia and
Football lily showed potential for cut flowers. In
Nagaland, Lillium cv. Lambardia showed 78%
more vase life with 20% sucrose solution.
In post harvest studies, physico-chemical
changes of Elaegnus latifolia revealed that 75-80
days after fruit setting was the right stage of
harvesting. Maturity indices of colocasia were
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grasses with legume fodder and native grasses
showed that supplementation of legume fodder to
the level of 15% in green grasses increased the
nutritive value and milk yield (10.89%) without
affecting the fat content in milk. Complete mash
ration based on chopped paddy straw and
concentrate feeds was developed for reducing the
wastage. In black bengal goat based on stepwise
discriminate analysis, body weight and height at
withers were found to be good indicators for higher
litter size at the Tripura centre. A trend of increasing
concentrations of plasma progesterone and LH in
dowse, which were carrying more number of kids
during pregnancy, was recorded.
Identification of chicken, duck, pigeon and pig
meat by species specific markers of mitochondrial
origin was developed and found to be simple,
economical and quick as compared to other
methods such as PCR-RFLP and sequencing
method. Comparative study on egg qualities of
indigenous and improved chicken varieties
revealed significant higher egg weight (both at age
at first egg and at 40 weeks of age), egg volume
and albumen volume in Gramapriya followed by
Vanaraja, Mizo-local and Miri chickens. Egg
pickling technique-using eggs of indigenous
chicken was developed. Production performance
of turkey (Meleagris gallopavo) was evaluated in
Meghalaya. Turkeys could attain sexual maturity
at 200.80 ± 1.59 days of age and average body
weight at 18 weeks of age as 2.43 kg; it is revealed
that turkey farming under hill ecosystem was
profitable even under intensive system of rearing.
Induced breeding of native endangered fish
species viz., Channa barca, Olyra longicaudatus,
Osteobrama balangeri and Ctenops nobilis of north
eastern hill region for aquaculture was
standardized. Trial on paddy-cum-fish culture
under integrated farming system was conduced.
The stocking density of 1000 nos. fingerlings/ha
was found ideal for paddy cum fish culture. In
Tripura, under composite fish culture native fishes
Mola (Amblypharyngodon mola) and Bronze
featherback (Notopterus notopterus) yielded better
than all other species and can contribute
significantly to the revenue from the composite fish
culture ponds.
Economics of organic vs. conventional
production of vegetables were compared and found

with the technology due to the financial benefit,
timely and in place availability of superior
germplasm.
The male hormone profile, testicular size and
early sexual maturity of non descriptive Local and
Hampshire pigs were investigated. It was found that
the testicular tissue per kg body weight was
significantly (p<0.05) higher in nondescript local
pigs than the Hampshire pigs and the blood
testosterone level was significantly higher in
nondescript local male pigs at 2 and 4 months of
age. The productive performances of T&D pigs
were studied and recommended for fattening
purpose.
Rice polish and sweet potato based economic
feed was formulated with phytase enzyme for pigs
and feeding trial was conducted. One lac unit of
phytase enzyme per 100kg feed based on 50 percent
good quality rice polish was sufficient for proper
utilization of nutrients that resulted into better
growth rate. Feeding practices and nutritive value
of pig ration fed at farmer’s field was evaluated.
At Mizoram centre, the feed cost for Large White
Yorkshire was significantly reduced in 75%
concentrate +25% Ankasa (Spilanthus sp) and 75%
concentrate +25% Kawlbahra (Ipomea batata).
A total of 115 faecal samples of pigs were
screened to detect gastro intestinal parasitic
infections. Out of these, 28.69% were found
positive for gastro intestinal parasitic infections.
Eimeria sp. (23.47%), Strongyle (1.73%) and
Strongyloides sp. (1.73%) were identified from
these faecal samples. At Sikkim, molecular
characterization of mastitis pathogens was done
using PCR technique. Prevalence of gastrointestinal (GI) parasites was studied. The
occurrence of GI helminthes infestation was higher
in goats (63.21%) followed by cattle (25.34%) and
yaks (22.40%). Studies on reproductive disorders
in bovines revealed that delayed maturity and
anoestrus were the major reproductive disorders.
The phenotypic, productive and reproductive
traits were evaluated in the Assam hill Goat and
the average daily body weight gain of kids (both
male and female) in 1st month was 76.28 g/day.
The reproductive ability was higher in Assam hill
goat compared to other breeds of goat and the
twinning and triplet percentage was 37.6 and 5.2.
Feeding of dairy cows fed on improved perennial
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that organic vegetable production was
economically feasible in Meghalaya. Out of three
rice forecasting production models, the Logistic
model was found the best for the Tripura state. In
Sikkim, all the three models fitted well but Logistic
was found best.
Rodent damage to upland rice, lowland rice,
maize, pineapple, broccoli and groundnut was 9.86,
15.50, 8.69, 5.20 and 10.52 % respectively. Damage
assessment in different bamboo flowering area was
also done. In Garo and West Khasi Hills in
Meghalaya, after shedding of bamboo fruits,
damage to almost all crops in bamboo flowering
areas were normal except at certain locations,
where slight increase in damage was noted in paddy
and maize.

In biodiversity research, four new pathogens viz.
Podosphaera xanthii on spine gourd, Neoerysiphe
cumminsiana on horseweed, Botrytis cinerea on
Chinese ground orchid and Erysiphe sp. on Begonia
cucullata var. hookeri were reported.
Under NAIP, seven remote districts under
consortium mode with nine other institutes have
created impact in increasing the livelihood of rural
and tribal farmers. Integrated farming system,
natural resource management, capacity building
and skill upgradation, subsidiary income generating
activities, promotion of self help groups are the
focuses in the progammes.
Six software covering various aspects like soil
and nutrient management, pest warning, butterflies
and medicinal plants of the region were developed.
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2. INTRODUCTION
market intelligence and dynamics has also been
initiated. The institute has also focus on water
productivity analysis, crop diversification into
wheat/floriculture, bamboo and fruit tree based
agroforestry system, development of soil health
card, crop weather monitoring modules organic
agriculture, action research on farming system,
development of diagnostic kits for crop and animal
disease diagnosis, quality control issues eg. SPS,
gender friendly agri-business and IT based
information and dissemination. Strength of
biodiversity in the region with special reference to
rice, pulse, horticulture, medicinal and aromatic
plants, fisheries and livestock has been explored.
The overall impact of research in areas of
responsibility has been quite satisfying. The
farming system models developed have been able
to check the soil erosion to the extent of 8 t/ha
against soil loss report of 46 t/ha besides being able
to conserve water in situ up to 93%.The gradual
process of conversion of the contour bund into
terraces over a period of three to four years
achieved under the system has also a positive
impact on farmers who have resorted to these
methods being cost effective, labour saving and
paying. Cropping intensity has been increased from
average of 114% to 150%. After observing the
benefits, more waste lands and jhum lands are
brought under agro-forestry interventions.
Rice varieties developed by the institute for both
valley land and upland ecosystem had a positive
impact on increasing the production and
productivity of rice in the region basically due to
covering of 30% rice growing areas in upland of
Meghalaya and Manipur and around 30% area of
valley land ecosystem of Manipur. Since the
varieties have been giving almost twice the yield
compared to existing varieties the average
production of rice increased from 1.8 t/ha to 2.1 t/
ha. Another impact could be noted by the increased
number of certified seed growers in the region.
Turmeric varieties developed by the institute is in
great demand by farmers, NGOs and various
government agencies.
In animal science sector the on farm income
has been increased from Rs.35000 to Rs.46000 due

ICAR Research Complex for NEH Region, a
premier institute in the field of agriculture and
allied sector research, development and extension
in tribal and backward areas has completed 33 years
of its service to the tribal farmers, development
departments, NGOs and other stake holders. As per
the QRT recommendations, the 18 divisions have
been clubbed into 10, including bio-technology and
fisheries. The approval of the same has come
recently from Council. Out of 10 divisions the
scientists of six divisions are engaged not only in
technology generation and dissemination but also
in taking regular post-graduate classes of CPGS,
CAU, Barapani (19 students guided). To promote
the open and distant mode of education ICAR has
signed an MOU with IGNOU in 2007 and
established programme study centre for agriculture
and allied sciences. Six new courses were activated
in 2008-09. Presently, a total of 10 students are
enrolled in two courses namely diploma in value
added products in fruits and vegetables and
certificate course in organic farming. IGNOU has
also communicated to convert the programme study
centre into regular study centre in agriculture.
To meet the requirement of different regional
problems of research, interdisciplinary mode of
projects have been undertaken with 90 projects
spread over in head quarters and different regional
centers. Further, 23 external funded projects
including Department of Science and Technology,
Department of Biotechnology, National
Agricultural Innovation Projects, International Rice
Research Institute, National Horticulture Board,
National Medicinal Plant Board, National Bank
for Agricultural and Rural Development,
International fund for Agricultural Development
etc. 12 All India Coordinated Research Projects, 5
Network projects and 13 collaborative projects are
being undertaken.
While strategies for technology generation for
achieving food sufficiency is the focus point of the
institute. Newer areas of research viz. bioprospecting, precision farming, crop bio-dynamics,
bio-sensor, allele mining, climatic change and
carbon sequestration, conservation agriculture and
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Human resources
The staff position during the period under report
was as under

to improve pigs recommended by the institute.
Besides increasing the employment from 150 to
240 days per annum and increase in pork
availability from 1.7 to 2.3 kg/week.
Successful breeding and production of fish
fingerlings and development of economic fish
culture under integrated as well as pond culture
system attracted the farmers of the region towards
aquaculture. A large number of artisans showed
interest in making of improved tools and
machineries as demonstrated by the institute.

Institute
Category
R.M.P.
Scientific
Technical
Administrative

Sanctioned Filled Vacant
7
186
253
133

7
91
238
121

Nil
95
15
12

Budget
KVK
Budget

Plan
Non-Plan

Allotted
Expenditure
( Rs.in lakh) ( Rs. in lakh)
655.00
3272.10

Category
Scientific
Technical
Administrative
Supporting

654.60
3143.43

Sanctioned Filled Vacant
12
132
24
24

5
93
15
18

7
39
09
6

Thrust areas
• To evolve sustainable integrated farming systems to replace jhum cultivation for increased
productivity.
• Restoration of degraded/jhum fallow lands through tree based farming.
• Development of feed and fodder resources including locally available fodder for livestock.
• Improvement of citrus plantation to rejuvenate the citrus industry.
• To increase the overall productivity of different crops through research in cereals, pulses,
oilseeds, horticultural crops, fisheries and other economical crops.
• Animal health coverage and improvement of livestock production system.
Mandate
• To undertake basic and applied research for delivering technologies based on sustainable
farming system for different agroclimatic and socio-economic condition.
• To improve the productivity of crops, livestock and fishery.
• To act as a repository of information on natural resources, different farming and land use
systems.
• To impart training in research methodology and application of improved technologies
for enhancing agricultural productivity.
• To collaborate with the State Departments for agricultural development in the region
and testing and promotion of improved farming and land use systems.
• To collaborate with National and International agencies.
• To provide consultancy.

8
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Library
Nature of publication

Books and reports
Back issues
Foreign journals
Indian journals
Hindi books

No. of copies
available
22630
11063
15
85
2035

Computer facilities
Computer facilities are available as per the need
and requirements of various divisions. The institute
has a rich computer database of library resources.
It also provides computerized database on
environmental degradation and meteorological
data. A website has been developed giving details
of every activity of the institute.

and Farmer’s meet was organised. Dr. Rai
inaugurated the fair, went around the stalls and had
discussions with farmer groups about their
problems. In his inaugural speech he assured the
farmers of the state that ICAR would always be at
their service in solving their agriculture related
problems. He also distributed various technology
inputs like seeds, soil testing kits, bio-organics etc.
among the farmers. Dr. A. K. Singh, DDG (NRM);
Shri Tago Basar, Director of Agriculture, Arunachal
Pradesh and Dr. S. V. Ngachan, Director, ICAR
Research Complex for NEH Region were also
present on the occasion.

Linkages
To provide advisory services to the line
departments of Central and State Government,
Public sector undertakings and NGOs the institute
remains in touch with these departments and
meetings/trainings are regularly organized.
Biennial interface meetings are held at the institute
to discuss various problems of agriculture and
related matters for research and development with
the departments of Agriculture, Horticulture and
Animal Husbandry and Fisheries of the respective
State Governments of the region. The information
generated through research is disseminated to
farmers through line departments, off farm
research, Kissan Melas, Field Days and Front Line
Demonstrations.

Conference on “Agricultural Developments in
NEH Region: Opportunities and Challenges”
A conference was held on June 18 – 19, 2008 at
ICAR Research Complex for NEH Region, Umiam,
Meghalaya. Many scientists and policy planners
attended the conference from different parts of the
country. Shri P. A. Sangma, Former Speaker of
Parliament, Dr. A. K. Singh, DDG (NRM); Dr. K.
M. Bujarbaruah, DDG (AS); Dr. Nawab Ali, DDG

Important events
Foundation stone laying of trainees’ hostel and
administrative-cum-laboratory building at
Basar, Arunachal Pradesh
Dr. Managala Rai, Secretary, DARE, Ministry
of Agriculture, Govt. of India and Director General,
ICAR visited Arunachal Pradesh centre of the
institute at Basar on 29th January, 2009. On that
day, he laid the foundation stone of a 50-bedded
trainee’s hostel and administrative-cum-laboratory
building of the centre. On his visit, a Kissan Mela
9
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Agricultural University; Dr. B. C. Viraktamath,
Director, Directorate of Rice Research; Dr. A. R.
Trag, Director of Research, SKUATS-Kashmir,
J&K and Dr. S. V. Ngachan, Director, ICAR
Research Complex for NEH Region. A total of 100
delegates from different parts of the country
participated in the seminar and 100 research papers
were presented under different theme areas. Dr. A.
K. Singh and other dignitaries emphasised the
urgent need to evolve technologies to preserve the
natural resource base.
(Engg.); Dr. P. Das, DDG (Extn.); Dr. D. N.
Borthakur, Former Director of the institute were
distinguished participants. Discussions were held
on various aspects of agricultural development and
policies to improve livelihood of poor farmers in
the NEH region.
DBT sponsored workshop
A DBT sponsored 10-day long workshop on
Citrus decline and its management in NEH Region
was organised by Sikkim Centre from 29th May to
7th June 2008. More than 20 participants from all
over the state participated.
Regional agriculture fair, 2008
Agriculture fair was organized from December
1-3, 2008 at Sikkim centre, Tadong. The fair was
sponsored by the Department of Agriculture and
Co-operation, Ministry of Agriculture, New Delhi.
The Hon’ble Speaker of Sikkim Legislative
Assembly, Sh. Takarpa, inaugurated the Fair. The
closing ceremony was graced by the Hon’ble chief
Minister of Sikkim, Dr. Pawan Chamling in the
presence of Dr. K.M Bujarbaruah, Deputy Director
General (Animal Science), ICAR, New Delhi.
Along with the fair, a seminar on the ‘Livelihood
Improvement through Sustainable Hill Agriculture’
was also held. Over 50 organizations, departments,
private enterprises participated in the fair and more
than 10, 000 farmers from all the eight states
visited.

State level training on jute technology
Tripura centre organized a three days state level
training programme on jute technology from 21st
to 23 May 2008. Dr. G. S. G. Ayyengar,
Commissioner and Secretary, Department of
Agriculture, Govt. of Tripura at ICAR, Tripura
centre, Lembucherra, inaugurated the progamme.
He released an extension folder on technologies
for mesta production in Tripura (in Bengali). The
training programme was sponsored by the

National seminar on sustainable hill agriculture
The seminar was organized by Manipur centre,
Imphal. Dr. A. K. Singh, Deputy Director General
(NRM), ICAR inaugurated the seminar in presence
of Dr. S. N. Puri, Vice Chancellor, Central
10
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Directorate of Jute Development, Ministry of
Agriculture, Govt. of India.

far flung areas about the recent advances in
agriculture and its proper utilization to reap
maximum benefit.
Foundation stone laying of KVK building at
Churachandpur, Manipur
Dr. P. Das, DDG (Extn.) laid the foundation
stone of the administrative building of KVK,
Churachandpur district on 10th May, 2008. Dr. P.
Das, who is also an alumni of the institute hoped
that the KVK will play a significant role in the
agricultural development of the district. Different
farmer groups present at the ceremony thanked
ICAR for fulfilling one of their long awaited
dreams. Dr. S. V. Ngachan, Director of the institute
assured the farmers that ICAR would do its best to
live up to the expectations of the farmers. A
farmers’ fair cum exhibition was also organized.
Several new technologies developed by the institute
were exhibited to the farmers. An interactive
session with the farmers was also organized.

All the dignitaries expressed their serious
concerns about the menace of plastic uses and
emphasized on the replacement of polythene bags
with jute bags. Twenty Agricultural Officers of
Tripura came from different corners of the state to
participate in this programme.
Launching of KVK, Ukhrul, Manipur
A new KVK was launched in the Ukhrul district
of Manipur on 1st March, 2009. The KVK was
inaugurated by Dr. A. K. Singh, DDG (NRM). Dr.
A. K. Singh in his inaugural address emphasized
the role of KVKs in transfer of technology in the
rural areas. He said that KVKs in the remote areas
has a special significance because it not only
transfers technology but also helps in human
resource development by educating farmers in the

11
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3. RESEARCH ACHIEVEMENTS
MEGHALAYA

month of December. Mean monthly minimum
temperature starts rising from February to July and
then starts declining and recorded lowest 1.90C on
2nd February. Minimum temperature was recorded
highest 21.50C on 19th April and 11th July. The Fig.
1 shows the variation in mean maximum and
minimum temperature during Jan-Dec 2008.

WEATHER REPORT
The trend of different weather parameters e.g.
air temperature, rainfall, evaporation, wind speed,
wind direction, relative humidity, bright sunshine
hour etc. recorded daily at ICAR, Umiam at 0622
hr, 0830 hr and 1322 hr are as follows:

Rainfall and rainy days
Total rainfall received during January to
December at Umiam was 2205.8 mm distributed
over 188 days. Yearly rainfall was about 891.1 mm
less than last year (3096.9 mm) and about 193.9
mm less than yearly normal rainfall (2399.7 mm).
Total sixty (60) numbers of rainy days were more
than the normal (128 days). Rain occurred almost
every month throughout the year ranging from 4.7
mm in the month of February to 426.1 mm in the
month of August. More than 90% (1983 mm) of
rainfall received during May to October. There
were about 177 days without any rain. Highest
amount of rainfall for a single day was recorded
92.3 mm on 22 nd Spetember. Fig. 2 shows
variability trend of rainfall, evaporation and rainy
days during 2008.

Air temperature
The mean monthly maximum temperature
varied from 19.70C in the month of January to
29.70C in the month of April and 28.50C in the
month of May to 22.10C in the month of Dec. April
was the hottest month.. Maximum temperature
recorded highest for a single day was 31.50C on 9th
August and lowest 13.40C on 25th January. The
maximum temperature gradually increased from
January to April then declined for May and starts
rise for declining till Dec. Mean monthly minimum
temperatures recorded varied from 6.80C in the
month of February to 20.40C in the month of July
and 20.20C in the month of August to 9.10C in the
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Table 1. Meteorological data for 2008-09 recorded at ICAR, Umiam
Parameters

Months
Apr

Mean max temp (oc)
Mean min temp (oc)
Mean morning RH (%)
Mean afternoon RH (%)
Mean wind speed (km/hr)
Mean cloud cover
Total sunshine hours
Total rain (mm)
Total rainy days
Mean water temp (oc)
Total evaporation (mm)
Mean evaporation (mm)

29.7
15.7
60.4
53.1
4.6
4.0
7.7
58.4
9.0
20.7
90.3
4.3

May

June

July

Aug

28.5 27.9 28.0
17.2 19.6 20.4
78.2 86.4 90.7
72.0 77.0 72.9
3.1
2.5
2.2
4.8
6.3
6.6
6.0
3.7
2.9
296.2 345.3 285.4
26.0 25.0 28.0
20.7 22.4 22.3
66.1 44.2 46.6
3.0
2.1
2.1

27.8
20.2
90.1
73.7
2.4
6.3
3.0
426.1
30.0
21.6
46.5
2.1

Sept

Oct

Nov

Dec

Jan

Feb

Mar

28.1 26.5
18.9 15.9
86.4 85.1
73.8 70.7
2.2
2.2
4.6
4.3
4.4
NA
401.5 228.5
24.0 24.0
21.3 18.8
55.3 48.5
2.6
2.2

24.2
10.1
78.1
55.9
2.4
3.1
NA
36.4
1.0
14.9
38.3
1.8

22.1
9.1
82.5
60.3
2.1
4.5
NA
19.3
3.0
12.6
31.0
1.4

21.5
7.9
79.7
51.9
2.5
NA
6.2
Nil
NA
NA
1.5
NA

24.0
9.3
76.7
50.4
3.6
NA
7.7
Nil
NA
NA
2.7
NA

26.9
12.3
70.1
56.2
3.6
NA
6.7
40.2
NA
NA
3.3
NA

NA=not available

Evaporation
Evaporation was measured by a USA-Class A
pan evaporimeter. Total evaporation was highest
90.3 mm in the month of April. Evaporation
recorded in a single day was highest 6.0 mm on
19th April and lowest 0.4 mm on 17th February
Evaporation was higher than the rainfall during
January and October month whereas rainfall was
higher than the evaporation during rest of the
months. This indicates the Soil moisture stress only
during January and October The total evaporation
during January to December was 597.6 mm, which
is 256.0 mm less than the previous year (853.6.mm)
and 458.9 mm less than the yearly normal
evaporation (1056.5.mm). The Fig. 3 shows
correlation of daily evaporation with the variation

of wind speed and water temperature at ICAR,
Umiam.
Wind speed and direction
Mean monthly wind speed ranged from 2.1
km/hr in the month of December to 4.6 km/hr in
the month of March and April. During the rainy
season wind was blowing at 2.2 to 2.5 km/hr,
sometimes gone upto 17.6 kmph on 27th April. For
a single day mean wind speed was 5km/hr and
above for 16 days and above 10km/hr for 3 days
out of 365days. The wind speed was not
significantly high to pose problems to any crop
throughout the year. Mean wind direction during
the year was mostly blown from the Easterly to
South Easterly direction in the morning hours and
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South westerly to westerly direction in the
afternoon hours.

Relative humidity during morning and afternoon
of 2008 with respect to temperature.

Relative humidity
Relative humidity at 0830 hr at Umiam was
highest 98% on 15th July and 27th October, and the
lowest 28% on 8th March. The Relative humidity
was below 50% in the morning hours during
February and March months. Relative humidity
recorded in the evening at 1322 hr was varying
from 49.5% in the month of March to 77% in the
month of June. Fig. 4 showed the variations of

Sunshine hour
The mean sunshine hour at Barapani ranged
from 2.9 hrs in the month of July to 7.7hrs in the
month of April. The highest was recorded 9.8 hrs/
day on 19 th April. The correlation between
sunshine, cloud cover and rainy days are depicted
in Fig. 5. A linear correlation was found with cloud
cover rather than rainy days.

14
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In the afternoon hour, the mean soil
temperature ranged from 21.5 to 30.70C and from
19.0 to 29.6 at 5cm and 10 cm depth of soil
respectively. In case of sub surface soil, the mean
temperature ranged from 18.0 to 28.20C and 16.1
to 26.7 0C at 20 cm and 30 cm depth of soil
respectively.

Soil temperature
In the morning hour, the mean soil temperature
ranged from 13.1 to 24.50C and from 13.7 to 24.70C
at 5 cm and 10 cm depth of soil, respectively. In
case of sub surface soil, the mean temperature
ranged from 14.2 to 25.60C and 15.1 to 26.50C at
20 cm and 30cm depth of soil respectively.
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were at par in yield but RCPL 1-73 was slightly
early in maturity. In both the trials checks were not
included in the yield comparison as standard checks
of the group yielded less than 2 t/ha.

CROP SCIENCE
CROP
PRODUCTION
PROTECTION

AND

Table 1. Performance of upland genotypes in
various trials

RICE
Yield trials in upland ecosystem
Five yield trials were conducted. In the RCRT,
RCPL 1-115 recorded highest yield (4.31 t/ha)
followed by RCPL 1-116. Both were significantly
better than checks Bhalum 1 and Bhalum – 2 (Table
1). In the Station Trial 28 genotypes were tested
with 2 checks, Bhalum 1 and Bhalum 2. Genotypes
RCPL1-91, RCPL1-128 and RCPL1-78 recorded
significantly better yield than checks. In the IVT
(UH) and AVT2 (UH) none of the genotypes was
better than the best local check RCPL1-115. In the
IURON, out of 88 genotypes tested with Bhalum 2
as local check 15 genotypes were found promising
and selected for further evaluation.

Rank

Trial
RCRT

1.

RCPL 1-115
(4.31 t/ha
95days)
2.
RCPL 1-116
(4.22 t/ha
93days)
3.
RCPL 1-117
(3.41t/ha
95 days)
4.
RCPL 1-103
(3.40 t/ha
94 days)
5.
RCPL 1)-113
(3.22 t/ha
95 days )
Best
Bhalum - 2
Check (2.85 t/ha
95 days)
CD
1.01
at 5 %

Yield trials in lowland ecosystem
Six yield trials were conducted. In the RCRT
12 lines were compared with 2 checks. None of
the entries were better than checks in grain yield.
In the RCRT (aromatic), 7 lines were tested. Three
top yielding genotypes were RCPL 1-160, RCPL
1-75 and RCPL 1-72. These genotypes were at par
in yield but RCPL 1-72 was slightly early duration
(Table 2). In the RCRT (fine grain) also 7 lines
were tested and RCPL 1-121, RCPL 1-118 and
RCPL 1-73 were three top yielding genotypes. They

Station trial

IURON

RCPL1-91
(3.89 t/ha
96 days)
RCPL1-128
(3.58 t/ha
103 days)
RCPL1-78
(3.46 t/ha
95 days)
RCPL1-93
(3.28 t/ha
96 days)
RCPL1-129
(3.14 t/ha
103 days)
Bhalum -1
(2.95 t/ha
94 days)
1.42

IR60080- 46A
(6.64 t/ha
131 days)
BP278D-MR4
(6.64 t/ha
110 days)
PR25769-B-9-1
(4.88 t/ha
113 days)
Bhalum 2
(4.88 t/ha
113 days)
IR74052-80-1
(4.35 t/ha
99 days)
Bhalum -2
(4.88 t/ha
=118 days)
0.83

Values in parenthesis are yield and days to 50% flowering

In the Station Trial 1, 25 lines were tested with
Shasarang as check. RCPL 1-144 was the highest
yielder. Yield and duration of top three genotypes
are given in Table 2. None of the lines was better
than check. RCPL 1-132, which yielded 3.1 t/ha,

Table 2. Performance of lowland genotypes in various trials
Rank

RCRT(aromatic)

RCRT(FG)

Station Trial 1

Station Trial 2

1.

RCPL 1-160
(5.25 t/ha 115 days)
RCPL 1-75
(4.59 t/ha 115 days)
RCPL 1-72
(4.59 t/ha 110 days)

RCPL1-121
(4.7 t/ha 125 days)
RCPL 1-118
(4.36 t/ha 125 days)
RCPL 1-73
(4.08 t/ha 116 days)

0.76

0.95

RCPL1-144
(4.4 t/ha – 114 days)
RCPL 1-140
(4.37 t/ha 121 days)
RCPL 1-145
(4.25 t/h 137 days)
Shasarang(
4.38 t/ha 115 days)
1.33

RCPL 1-167
(4.81 t/ha 125 days)
RCPL 1-190
(4.34 t/ha – 122 days)
RCPL 1-17-9
(3.71 t/ha – 125 days
Shasarang(
3.30 t/ha 120 days)
0.96

2.
3.
Check
CD at 5 %

Values in parenthesis are yield and days to 50% flowering (CD for yield)
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was 17 days early compared to check and was
selected along with the top 3 lines for further
evaluation. In the Station Trial 2 (medium duration)
16 lines were tested with Shahsarang as check.
RCPL 1-167 (4.0 t/ha) and RCPL 1-190 (3.62 t/
ha) yielded better than Shasarang (3.3 t/ha) but their
differences were not significant. All the genotypes
were at par for days to 50% flowering (Table 2).
In the International fine grain observation
nursery (IRFAON), 110 genotypes were tested with
Shasarang as yield check and RCPL 1-72 as fine
grain check. Twelve genotypes were found
promising and selected for further evaluation.
Yields of top five genotypes are given in Table 2.

Germplasm evaluation and characterization
One hundred and ten new germplasm were
collected from Arunchal Pradesh and Assam in
collaboration with NBPGR. Seeds were multiplied
and purified for characterization. Twenty-two
germplasm were collected from Khamti rice belt
of Arunachal Pradesh. Genetic diversity was
analyzed using 30 SSR markers.

High altitude
Twenty genotypes were tested at Upper Shillong
farm at two dates for comparing performance.
Khonorullo was the highest yielder (2.97 t/ha)
followed by RCPL 1-10C (2.92 t/ha) at the first
date of sowing (normal date). At the second date
of sowing (9.5.08 sowing and 18.6.08
transplanting) the yield reduction ranged from
11.8% to 45.62%. Among the genotypes which
showed high average yield, RCPL 1-10C was the
best.

Variety release
RCPL 1-10C has been recommended for release
by Meghalaya State Seed Sub-Committee.
Proposed name of the genotype is ‘NEH Megha
Rice 3’.

Seed production
Breeder seeds of Bhalum 1, Bhalum 2,
Shasarang, Lampnah, Megha Rice 1, Megha Rice
2 and RCPL 1-10C were produced and supplied to
various departments.

Quality analysis of rice
Twenty two Khampti rice genotypes were
analyzed. The mean length was found to range from
5.24 mm to 6.88 mm. The length – breadth ratio
ranged from 1.78 – 3.14. The hulling percentage
ranged from 70 to 78.45 per cent. The milling
percentage ranged from 70.03 to 75.15 %. Head
rice recovery was high in all the varieties ranging
from 55.41 to 69.33 %. The protein content ranged
from 7.09% to 10.29 %. The highest was ‘Miatong’
with 10.29% and the lowest was ‘Sujanta (8)’ with
7.09 %.
Thirty-nine lines from Sikkim were evaluated
for the hulling, milling, moisture content, ash
content, crude fibre and water uptake percentage.
Among the lines R1V2V2 showed maximum
percentage of hulling, milling and broken rice
percentage, whereas RIV1 F2 showed the lowest.
The moisture content in all the lines ranged from
13.0 – 13.6 %. The percentage of water uptake was
highest in R1V3F2 (2.17) and lowest in RIIIV2F2
(2.17) and lowest in RIIIV2F2 (0.50) percentage.
The crude fibre content percentage is highest in
RIIV3F2 (0.614) and lowest in RIIIV4F2 (0.006).
The crude fat percentage of Sikkim rice varieties
ranged from 3.990% to 7.214%. The highest was
found in ‘RIIIV3F1 with 7.214 % and the lowest
was observed in RIIV4F1 (3.99%).

Coordinated yield trials
Two upland trials and 4 lowland trials were
conducted. None of the upland genotypes were
better than local check. From the lowland trials,
IET Nos. 2706, 2708, 2605 and 2608 were selected
for further evaluation with RCM 11 and Shasarang
as checks.
Evaluation and advancement of segregating
generation
Under upland condition F2 of 9 crosses were
grown and selections were made for further
evaluation. Under lowland condition F8 (79 lines
from 8 crosses), F7 (20 lines from 6 crosses) and
F 4 (15 lines from 4 crosses) were grown and
selections were effected for further evaluation. For
the F7 and F8 lines under lowland condition and
advanced lines in station trials (upland and
lowland) a farmer’s participatory selection (Fig.
1) was done and the lines selected by farmers were
put together for evaluation in the next season.
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with 2 spading + 1 trampling + 1 weeding was
statistically as good as conventional tillage (4
spading + 2 trampling + 2 weeding). In general the
weed biomass was higher with minimum tillage
options than conventional tillage. The amount of
NPK recycled through rice straw was higher under
maximum tillage, whereas through weed biomass,
it was higher under minimum tillage. Therefore,
weed biomass contributed 2 to 4 times more in
minimum tillage than conventional tillage. Similar,
trend was observed in case of P and K under both
the tillage practices. Since weed biomass played a
major role as a nutrient source, the total nutrient
balance was more in minimum tillage than
conventional tillage. The net return was maximum
with two spading + one trampling + two weeding
followed by two spading + one is trampling + one
weeding and one spading + one trampling + one
weeding.

RICE AGRONOMY
Effect of tillage intensity on productivity,
nutrient recycling potentials and maintenance
of soil health in low land rice field under in-situ
residue management
A long-term field experiment was undertaken
at ICAR Research Complex for NEH Region,
Umiam, Meghalaya to study the effect of various
tillage options (combinations of spading, trampling
and hand weeding) on productivity and soil health
under in-situ residue management in lowland
condition (Fig 1). Total nine tillage options were
tested using combination of spading, trampling and
hand weeding. The growth (plant height, biomass
and tillers/hill) and yield attributes (panicles/hill,
grains/panicle, panicle weight) of rice were
significantly higher in conventional tillage options.
Increasing the tillage intensity (spading along with
trampling and weeding) resulted corresponding
increase in grain yield of rice, the highest being
with conventional tillage, however remained
similar to minimum tillage options (two spading
with one or two weedings). The results of four
consecutive years showed that grain yield obtained

Effect of stand establishment methods and
planting geometry on productivity of lowland
rice under in-situ fertility management
A field experiment was conducted under in-situ
soil fertility management in lowland rice. Minimum
tillage was adopted. All the crop and weed residues
were incorporated into the field time to time and
only economic portion of grain was removed from
the field. No external input was applied to the field.
Three establishment methods i.e. SRI, ICM and
standard practice were adopted with three planting
geometry i.e. 25 x 25, 20 x 20 and 20 x 15 cm.
Result (Table 3) indicated that ICM with 20 days
old seedlings and 20 x 20 cm spacing recorded the
highest grain yield (5.17 t/ha) closely followed by
modified SRI i.e., 10 days seedling with 20 x 20
cm spacing (5.08 t/ha) and modified ICM with 20
x 15 cm spacing (5.06). In case of close spacing of
20 x 15 cm, ICM establishment methods recorded
the highest yield (5.0.6 t/ha) followed by SRI. Even

Fig 1. Rice under in-situ fertility management

Table 3. Effect of stand establishment method and geometry on productivity of rice
Panicles/m2

Stand establishment

SRI
ICM
STD

Grain yield (t/ha)

25x25cm

20x20 cm

20x15 cm

204.5
214.5
215.7

240.7
248.8
251.9

266.3
290.1
312.1
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25 x 25cm
4.54
4.35
4.26

20x20 cm
5.08
5.17
4.81

20x15 cm
5.03
5.06
4.55
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etc. were recorded in SRI followed by ICM method
of rice culture (Table 4). However, the panicles/
m2 was higher in conventional and ICM practice.
The growth parameters like plant height, dry matter
production/hill and root parameters like root
volume and dry weight were also significantly
higher with SRI compared to ICM and conventional
practice. Whereas, maximum grain yield (5.45 t/
ha) was recorded with ICM followed by SRI (5.29
t/ha), both of which were at par with each other
but remained significantly superior to the CRC
(4.21 t/ha). The higher grain yield in ICM was
mainly due to higher number of panicles/m 2
compared to SRI method. However, the grain,
straw and total biomass recorded with SRI and ICM
were at par with each other but remained
statistically superior to CRC. Lowest grain yield
and straw yield was recorded under CRC. This was
mainly due to poor growth and yield attributes
under conventional practice compared to other two
practices. Among various nutrient management
practices, application of 100% NPK+ FYM 5t/ha
recorded the highest grain yield which was at par
with 50% NPK+ FYM 10 t/ha.
Highest available NPK status at harvest was
recorded with SRI followed by ICM (Table 4).
Among the nutrient management practices,

SRI practice recorded higher yield with 20 x 20
cm spacing that remained similar with 20 x 15 cm
spacing.
Effect of stand establishment methods and
nutrient management practices on lowland rice
Three stand establishment methods viz., system
of rice intensification (SRI), integrated crop
management (ICM) and conventional rice culture
(CRC) were assigned to main plots and five nutrient
management practices viz., FYM 10 t/ha,
recommended NPK (80:60:40 kg/ha),
recommended NPK + FYM 5t/ha, 50% NPK +
FYM 10t/ha and control to subplots in a split plot
design and replicated thrice. The nursery for all
the three establishment methods were sown on the
same day but transplanted on different dates. For
SRI 10 days old seedling @ 1 seedling/hill with 25
x 25 cm spacing and for ICM 20 days old seedlings
@ 2 seedlings/hill with a spacing of 20 x 20 cm
spacing was given. Whereas, under conventional
rice culture (CRC), 30 days old seedlings @ 3
seedlings/hill with a spacing of 20 x 15 cm spacing
was used.
Similar to previous years, this year also higher
values of yield attributes i.e., number of panicles/
hill, grains/panicle, panicle weight and test weight

Table 4. Effect of stand establishment methods and nutrient management on
lowland rice
Treatment

Grain yield
(t/ha)

Straw yield
(t/ha)

Harvest
index

Available soil nutrient at harvest
(kg/ha)
N

Establishment methods
SRI
ICM
CRC
SEd
CD (P=0.05)
Nutrient managementpractices
NPK 100%
FYM 10t
NPK 50% + FYM 10t
NPK 100% + FYM 5t
Control
SEd
CD (P=0.05)
AXB
SEd
CD (P=0.05)

5.293
5.448
4.995
0.074
0.205

6.968
7.137
6.552
0.097
0.269

performance of

P2 O 5

K 20

43.17
43.29
43.26
0.27
NS

276.8
271.2
262.3
2.24
6.22

13.08
12.14
11.29
0.47
1.31

191.1
186.7
174.4
5.76
15.99

51.52
52.81
55.41
56.47
45.14
0.23
0.47

68.82
69.35
70.70
71.33
64.08
0.38
0.78

42.81
43.23
43.88
44.19
41.86
0.08
0.17

252.6
262.1
2296.8
285.5
250.4
1.58
3.26

11.40
11.82
14.39
15.10
8.12
0.15
0.31

179.4
189.2
7197.5
195.1
159.7
4.09
8.44

0.82
2.16

1.13
2.92

0.30
NS

3.32
7.94

0.53
1.39

6.52
17.08
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application of 50% NPK+ FYM 10 t/ha recorded
the highest available N & K status at harvest. On
the other hand, highest P status at harvest was
noticed with 100% NPK+ FYM 5 t/ha. The
available NPK status recorded with the above two
treatments were at par with each other.

All the slender grain and aromatic varieties
recorded grain yield significantly lower than check
variety Sahsarang 1 (4.64 t/ha). However, if higher
market price and demand of aromatic and fine grain
rice are considered, it may be profitable to grow
such quality rice especially under organic farming.

Double cropping of rice through ratooning of
pre-kharif rice under organic production system
Pre-kharif crop was transplanted and after the
harvest of this crop, plot was left for ratooning. At
maturity, the pre-kharif rice was harvested at three
heights from the base i.e., 10, 20 & 30 cm to study
the ratooning pattern. Like previous years, IR-64
(4.38 t/ha), and Krishna Hamsa (4.17 t/ha)
performed well during pre-kharif season, the
ratooning ability of IR-64 (3.34 t/ha) and
Sahsarang-1 (3.18 t/ha) was found highly
promising. Duration of main crop varied from 132
to 155 days whereas, in case of ratoon, it varied
from 70 to 93 days. Ratooning could save time
(nursery and field preparation, transplanting etc.),
resources (labour, seeds etc.) and gave higher
productivity. It was observed that cutting height of
30 cm recorded higher yield of ratoon crop when
harvesting of pre-kharif crop was delayed beyond
August. For early harvest (end of August) 20 cm
cutting height recorded higher yield. Among the
different sources of nutrient supply, vermicompost
recorded highest yield of pre-kharif crop as well
as ratoon crop followed by farm yard manure and
crop residue incorporation.

Productivty of rice grown on sunken beds as
influenced by raised bed width and crop grown
on raised beds.
Treatments consisted of four raised bed width
of 1, 2, 3 and 4 meter in main plots and four crops
on raised bed viz. maize, rice, soybean and
groundnut were arranged in sub plots. Rice cv.
Shahsarang 1 was grown in sunken bed surrounded
by raised beds. It was observed that high stature
crops like maize and rice significantly decreased
yield of sunken bed rice. Groundnut observed to
have least influence on sunken bed rice. Lowest
yield of lowland rice grown in sunken bed (1.99 t/
ha) was observed with maize grown on raised beds
followed by 3.30 t/ha with upland rice. Maximum
sunken bed rice yield was obtained with raised
groundnut 3.61 t/ha. The width of raised beds was
found to influence the grain yield of lowland rice.
Maximum yield of sunken bed rice was recorded
with one meter raised bed while lowest was with 3
meter width of raised bed.
In another experiment raised bed height above
the moisture level and suitability of crops on these
raised beds were evaluated. The experiment was
conducted in split plot design with three
replications, keeping four height of raised bed over
the moisture level (10, 20, 30 and 40 cm) in main
plots while crops maize, rice, groundnut and french
bean were planted in subplots. It was observed that
none of the crops except rice could perform well
up to 20 cm raised bed height, thereafter all the
crops under study performed well. Grain yield of
rice significantly increased with the increase in
height of raised bed recording maximum yield with
40 cm raised bed height. At 10 cm raised bed height
rice performed well, while at 30 cm height,
groundnut and french bean gave maximum yield
and there was marginal yield reduction in rice yield
at 40 cm raised bed height as compared to 30 cm
height of raised bed.

RCRT trial on aromatic and fine grain rice
Under RCRT trial-2008, eleven aromatic and
slender grain rice varieties were tested under three
nutrient management practices namely, organic
(FYM + Rock Phosphate), Integrated (Fertilizer +
FYM) and inorganic (100% nutrient through
fertilizer) to evaluate their yield potential. Among
the varieties, IET 17278 (4.38 t/ha), IET 17281
(4.24 t/ha) and RCM 16 (4.17t/ha) were found
promising. Some entries performed better under
organic nutrient management practices, while
others performed well in inorganic or integrated
nutrient management practices. Some of the entries
which performed well in organic management were
RCM 16, IET 16332, IET 17281 and RCPL 1-119.
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days old seedling as compared to seedlings age of
30 and 75 days. Interaction of seedling age and
transplanting time were significant, which showed
maximum rice yield could be obtained with
transplanting date of 30th March and 45 days old
seedling.

Nursery technology for pre-kharif rice
production
The experiment was continued for the third
consecutive year to study the effect of seedling age
of rice cultivars during pre-kharif season. Four
seedling age i.e. 30, 45, 60 and 75 days old of
Krishna Hamsa, IR-64, Vivek Dhan-82 and VL
Dhan were tested. It was observed that seedling
age of 45 and 60 days recorded maximum grain
yield of rice (Table 5). Amongst the rice varieties
IR-64 recorded maximum yield of 3.65 t/ha
followed by Krishna Hamsa, while VL Dhan-61
was the poor yielder (Table 6). The age of seedling
with respect to transplanting date was also
standardized. Four transplanting date i.e. 15th Feb,
1st March, 15th and 30th March were kept in main
plots and seedling age of 30, 45 and 60 days were
allotted to subplots. Treatments were tested in split
plot design with three replications. It was observed
from the data presented in table 6 that transplanting
of seedling during February did not yield well,
while successive date of transplanting linearly
increased grain yield of rice registering maximum
yield of 3.28 t/ha with transplanting on 30th March.
Maximum rice yield was recorded with 45 and 60

Agronomic evaluation of rice varieties for prekharif rice
Agronomic evaluation of rice varieties was
carried out to find out suitability of rice varieties
under pre-kharif, main kharif and later kharif
season. Krishna Hamsa, IR-64, Vivek Dhan-82, VL
Dhan-61 and Shahsarang-1 were transplanted on
15th March, 1st July and 15th August. It was observed
that during pre-kharif season, highest grain yield
of rice was recorded with IR-64 followed by
Krishna Hamsa while during main season, rice
variety Shahsarang-1 gave maximum yield (Table
7). Under late transplanted condition i.e. 15 th
August, VL Dhan-82 and VL Dhan-61 performed
well as compared to other varieties. Rice varieties
were also evaluated for rice-rice system (Table 8).
The results reveals that IR-64 and Krishna Hamsa
were the highest yielder during pre-kharif season,
while during main kharif season Shahsarang-1 and
IR-64 registered highest yield. Maximum system
productivity of 7.78 t/ha was observed with IR 64,
Shahsarang-1 varietal sequence, which was almost
equal to the yield recorded with VL Dhan-61Shahsarang-1 sequence. The production efficiency
also followed the similar pattern registering
maximum production efficiency with IR 64Shahsarang-1 varietal sequence in rice-rice
cropping system.

Table 5. Effect of date of transplanting and age
of seedlings on grain yield (t/ha) of rice
cv. IR-64
Date of
transplanting

15th February
1st March
15th March
30th March
Mean

Seedling age (days)

30

45

60

0.55
1.38
1.69
2.45
1.52

1.02
2.45
3.62
3.84
2.74

1.26
2.65
3.47
3.55
2.66

Mean

1.01
2.16
2.93
3.19

Table 7. Response of rice varieties to date of
transplanting (t/ha)

Table 6. Response of pre-kharif rice to seedling
age
Seedling age Grain
Varieties
(days)
yield (t/ha)

Grain
yield (t/ha)

30
45
60
75

3.28
3.65
2.95
2.69

2.83
3.56
3.50
2.67

Krishan Hamsa
IR 64
Vivek Dhan 82
Vl Dhan 61

1st
July

15th
August

Mean

Krishna Hamsa 3.38

2.88

2.55

2.93

IR-64

3.75

3.84

2.87

3.49

VL Dhan 82

3.05

3.58

3.55

3.35

VL Dhan 61

2.91

3.25

3.40

3.19

Sahsarang 1

1.23

5.12

1.87

2.74

Varieties
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Table 8. Performance of rice cultivars in rice-rice cropping sequence
Pre-kharif

Main -kharif

Krishna Hamsa

Shahsarang-1
IR-64
Vivek Dhan-82
VL Dhan-61
Shahsarang-1
IR-64
Vivek Dhan-82
VL Dhan-61
Shahsarang-1
IR-64
Vivek Dhan-82
VL Dhan-61
Shahsarang-1
IR-64
Vivek Dhan-82
VL Dhan-61

IR-64

Vivek Dhan - 82

VL Dhan - 61

Pre-kharif
rice (t/ha)

Yield main kharif
rice (t/ha)

2.42

4.82
3.35
4.32
4.02
5.04
4.12
3.85
4.32
5.32
4.28
4.03
4.17
5.48
3.65
4.25
3.97

1.73

2.16

2.25

Nitrogen use efficiency
In this study, five medium duration elite rice
cultures (KRH-2, Vasumati, Kasturi, Tulasi and
Krishna Hamsa) were grown under different levels
of N nutrients i.e. without N addition, sub optimal
(native + 50 kg N/ha), normal (native + 100 kg N/
ha) and supra optimal (native + 200 kg N/ha)
conditions with an objective to relate the panicle
topological features and grain density to nitrogen
use efficiency. The experiment was laid out in a
split plot design in 3 replications. Nitrogen was
applied in three splits 50%, 25% and 25% at
transplanting, active tillering and panicle initiation
(PI) stages, respectively.
Experimental results revealed that mean
phenological phase to attain flowering was found
lowest in Tulasi (107 days) and highest in Krishna
Hamsa (123 days). However, influence of levels
of nitrogen on this parameter was not significant.
This was further confirmed by the observations on
time taken for maturity.
The number of primary branches/panicle ranged
from 8-10 in all the varieties. From the
experimental data, it is evident that application of
N did not have significant influence on primary
branch number/panicle. The mean secondary
branches per panicle ranged from 11-31 among the
varieties. Significantly, higher number of secondary
branches was found in variety KRH 2 (29) followed

Total
production
(t/ha)

Production
efficiency
(kg/ha/day)

7.25
5.78
6.75
6.45
6.78
5.86
5.59
6.06
7.49
6.45
6.20
6.34
7.73
5.90
6.50
6.22

24.67
20.73
24.47
23.30
23.14
21.09
20.48
22.04
25.48
23.30
22.23
23.32
26.66
21.30
23.40
22.39

by Kasturi (23) and lowest in Krishna Hamsa (14).
The influence of levels of N on number of
secondary branches was found insignificant due
to higher level of native N. Thus, no clear response
in the production of secondary branches was
evident due to different levels of N. Similarly,
analysis of grain yield indicated that number of
secondary branches improved up to 100 kg N level
while such response was lacking with regard to
number of primary branches. KRH 2 (297 g/sqm.),
Vasumati (256 g/sqm.) and Kasturi (254 g/sqm.)
responded better than rest of the cultures, indicating
their higher N use efficiency as compared to other
varieties.
Studies on photo thermic indexing
A field experiment was conducted in a split plot
design with twenty genotypes comprising of 7 each
from early and medium duration IET cultures, two
check varieties from each group and two hybrids
belonging to medium group. The crop was sown
in 2 sets, one at normal time and another at one
month beyond normal date to expose the crop to
different temperature. All the cultural practices
followed for normal rice cultivation.
The experimental data revealed that between
early and late sown sets, the mean Cumulative
Degree Days (CDD) values differed by 13, 15 and
17, at Panicle Initiation (PI), flowering and maturity
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significantly increasing grain yield. The per cent
increase in grain yield ranges from 17.25 % to
32.12 % over no seed treatment with formulation
(control). Formulation RCHE 686 L and RF 37
treated plot attained physiological maturity a week
ahead as compared to control plot.

stages, respectively. On the other hand, mean
Cumulative Nycto-Period (CNP) was 59, 23, and
38 (Table 9). From this study, it is clear that the
photoperiod (CDD) is assuming importance at PI
stage while CNP plays an important role in first
two stages i.e., PI and flowering stages. Among
the genotypes IET 20623 and IET 20655 from early
group, IET 19972, IET 20524 and IET 20194 of
medium duration group and both the hybrids
recorded better yields than the means obtained
under normal sowing situation. Genotypes such as
IET 20204 and IET 20180 from early group IET
20194 and IET 20811 from medium group recorded
better yields than the means obtained under normal
as well as late sown conditions. These cultures have
the advantage of adjustment and /or compensation
with reference to the CDD and CNP periods as
compared to other cultures and relatively less
sensitive to the current climate conditions.

Pest management
Biocontrol of rice leaf folder (Cnaphalocrosis
medinalis)
Different doses of Beauveria bassiana viz. 1.0,
1.5, 2.0, 2.5 and 3.0 kg/ha were re-evaluated against
rice leaf folder. Highest reduction (72.65%) of rice
leaf folder population was recorded 30 days after
application of B. bassiana @ 3.0 kg /ha which was
at par with 2.5 kg/ha application (71.48 %).
Efficacy of new insecticide against rice pests
Rynaxypyr 04% G and Rynsxypure 20 SC were
evaluated against rice stem borer (Scirpophaga
incertualas), leaf folder (Cnaphalocrocis
medinalis) and root aphid (Tetraneura
nigriabdominalis). Rynaxypyr 04% G @ 3 g a.i./
ha and Rynsxypure 20 SC @ 30 ml a.i./ha were
found significantly effective in controlling these
pests under upland conditions.

Bioorganics
Upland direct seeded rice
Rice variety Shahsarang- 1 was tested in field
with promising seven formulations. The seeds were
soaked for 8 hrs at a concentration of 10% before
sowing; Formulations giving significantly higher
yield were RF 37, RCHE C-12L, RCHE 737L, RF
79L, and RCHE 686L resulting in 48.25, 22.93,
18.35, 15.38 and 11.18 per cent over control.

Disease management

Lowland transplanted rice
Nine different formulations were tested in
transplanted rice both at Barapani and DRR,
Hyderabad. Seed for nursery was soaked for 12
hrs. The seedlings growth differs corresponding to
different bioorganics. The seedlings were
transplanted on 20th day after sowing. Eight
different formulations, viz., RCHE C-12L, RCHE
686L,
RF 37, RCHE 724L, RCHE 737,
RCHE584L, RF 79, RF 115, were found to be

Uniform blast nursery trial
Out of 1324 entries tested against rice blast
disease Pyricularia grisea, 60 entries were found
to be resistant.
Field monitoring of virulence of Pyricularia
grisea
The nursery included twenty-five cultivars
consisting of international differentials, donors and
commercial cultivars. IR 64, Tetep, Raminad str 3,

Table 9. CDD and CNP variations in rice under normal and late transplanted conditions
Transplanting
Normal
Late
Difference

CDD Pi

CNP Pi

1043
1030
13

878
819
59

CDD GF
1396
1411
-15

23

CNP GF
1152
1129
23

CDD Mat
1898
1915
-17

CNP Mat
1641
1679
-38

ANNUAL REPORT 2008-09

BL122, NP 125, C101 LAC, Tadukan, Dular,
Co101 PKT, Kanto 51, and Usen were found to be
highly resistant against blast disease. Rasi, RIL 10
and HR 12 were highly susceptible. Virulence
pattern was found to be different from the previous
year’s reaction.

MAIZE
Evaluation of maize germplasms for tryptophan
and lysine content
Forty selected maize lines were evaluated for
tryptophan content following the protocol of
CIMMYT (QPM Protocol). Tryptophan content of
some promising lines is given in Table 1. One of
the lines collected from Nagaland showed high
tryptophan content. The line is being further
evaluated through molecular genetic studies.

IRRI trial
Twenty-seventh International Rice Blast
Nursery (IRBN) trials were conducted at Barapani
for evaluating the varietal reaction of selected
varieties, breeding lines against blast fungus,
Pyricularia grisea and also for monitoring the type
and distribution of virulence patterns of the blast
pathogen using blast monogenic lines. IRBN
contained 113 entries composed of blast monogenic
lines (25 nos.), check varieties (susceptible checks
B40, HR12; resistant check IR 64), and improved
breeding lines. Thirty-nine lines were found to be
resistant (based on leaf blast reaction). Six blast
monogenic lines did not germinate and rest others
showed susceptible reaction.

Table 1. Tryptophan and lysine content of some
selected maize lines
Genotype

QPM 2
QPM 1
QPM Yellow
QPM white
RCM 1-3
Check- CML172

False smut
A survey was conducted to record the incidence
of false smut on different varieties in Meghalaya.
On RCM 10 incidence was zero (Table 10)

Noba
HR-12
IR36
Tox 3093-232
JTA 222
Shahsarang
Manipur local
RCM-10

Estimated
lysine
(g / 100g)

0.84
0.6794
0.6612
0.7057
0.7451
0.7516

3.36
2.7176
2.6448
2.8228
2.9804
3.0064

AICMIP trials
Trap nursery
Fourteen genotypes were evaluated for naturally
occurring diseases in 1-5 rating scale under trap
nursery trial from AICMIP, DMR, New Delhi. In
the trial, Turcicum leaf blight (Exserohilum
turcicum) occurred abundantly in V 358, V 382,
CM 145, CM 501 CM 202 followed by Maydis
leaf blight (Helminthosporium maydis) and Brown
spot disease.

Table 10. False smut incidence
Variety/line

Tryptophan
(g / 100g)

False smut (%)
2.64
4.98
2.76
4.62
3.7
5.06
3.5
0

MAIZE AGRONOMY

Effect of biocontrol agents on neck blast of rice
Trichoderma sp. (local isolate B) and Nisarga
(commercial formulation of Trichoderma) were
used along with chemical checks- tricyclazole and
carbendazim for evaluation of biocontrol agents
against neck blast. Although biocontrol
formulations were effective in controlling the neck
blast in all the three varieties tested viz. Sah sarang
Lam pnah and HR-12 under lowland condition but
the yield differences were not significant.

Bioorganics for maize
Five different herbal formulations were tested
in maize crop. The formulations MF129, RCHE
620L, MF18, and MF 98 resulted in yield
advantage of 25.37 %, 21.75 %, 21.22 % , and 20.49
% more over control (3.81 t/ ha). The highest yield
was recorded in formulation MF129, however, the
number of grain per cob was recorded highest in
formulation MF 129, whereas, cob weight was
maximum with RCHE 620L. (Table 1)
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Table 1. Effect of bioorganics on maize yield
Treatment

RCHE 620L
RCHE 53L
MF18
MF129
MF98
Control

Grain /cob

301.58
230.56
312.10
309.13
287.44
214.51

from KH2PH4, K from K2HPO4 @ 0.1M and Zn
from ZnSO4 @ 1 % was applied three days prior to
inoculation of the pathogen. The results indicated
that zinc in any combination reduced the disease
significantly. The lowest disease (PDI 3.33) was
noted in N+P+K+Zinc combination.

Cob weight Grain yield
(g)
(t/ha)
171.56
144.00
164.98
169.05
156.84
124.22

4.64
4.13
4.62
4.78
4.59
3.81

Screening for Turcicum leaf blight resistance
Four screening trials (#75, 76, 77, & 78) were
conducted in row system in two replications.
Altogether, 79 genotypes were screened for
resistance/ susceptibility against Turcicum leaf
blight. Of the genotypes, 49 (JH-11137, JH-11180,
JH-11422, JH-11433, JH-11449, JH-11693, VEH3017, BH-40709, BH-40713, HTCH-5101,CM
7676, M O1 825, X 6B 269, MDMH-101, NECH134, PRO-373, MM 8255, KMH-2266 SUPER,
KMH-50, CP-806, CP-818, CP-849, MCH-36,
DMR-1326, DMR-1327, DMR-1328, NECH-131,
NECH-132, PAC-740, SMH-3904, BIO-9681,
SEEDTECH-2324, JH-11320, JH-11535, BH40625, BH-40702, BH-40703, BH-40704, BH40705, CP-838, KDMH-1001, BISCO-11, BISCO555, KAVERI-218, BH-4062, BISCO-855, MCH35, FH-3356, FH-3358) genotypes were resistant,
17 (BH-40709, BH-40714, NECH-133,
PARBHAT, JH-31153, BH-40706, KLM-14, CP828, L-173, KMH-25K60, JH-3956, UMH-1,
POH-38, VIVEK HYBRID-21, VIVEK QPM 9,
HIM-129, VIVEK-17) moderately susceptible and
13 (V-37, MALVIYA HYBRID-2, PARBHAT, JH31110, KIRAN, PRAKASH, NARMADA MOTI,
PRATAP MAKKA-5, VL-113, VL-114, AH31021, ANEP COMP-04, VIVEK HYBRID-33)
were susceptible.

Pest management
Studies on forecasting of cob borer
Four cultivars of maize were chosen to study
forecasting of cob borer (Stenochroa elongella) on
maize. It was observed that high rainfall,
temperature and RH favoured the multiplication
of the pest on maize.
Management of cob borer
Intercropping of sorghum with maize (one row
of sorghum after every two rows of maize) attracted
98.25% cob borer population. Application of
Steirnonema carpocapsae @ 5 mg/ha at silk stage
was found effective in controlling the cob borer.

Disease management
Evaluation of field inoculation technique of
Exserohilum turcicum
The actual lesion powder was inoculated to
three cultivars of maize i.e. RCM 1-2, CM 202 and
CM 104 in four growth stages of maize. There were
two sets, one for single and another for repeat
inoculation. Powder applied at 3-4 leaf stage was
found effective in inducing field infections
abundantly, reaching the score of 5.0 (1-5 rating
scale). Powder applied at various stages of growth
had significant difference. There was no significant
difference between single and repeat powder
application.

OILSEEDS
SOYBEAN
Fifty F5 progenies from two crosses namely JS
80-21 X MACS 694 and JS 80-21 X Shilajeet were
evaluated. The range, mean and PCV % of different
yield components are given in Table 1. Mainly
yield/plant, seed/ plant and pod/plant showed
comparatively higher variation. Based on these
components two superior progeny (Table 2) were
selected from each cross whose bulk progeny will
be evaluated as station trial next year.

Evaluation of foliar application of nutrients for
management of Turcicum leaf blight
The foliar application of NPK and zinc in
different combination was tried. N from KNO3, P
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Table 1. Yield components of F5 population of two soybean crosses
Character

JS80-21X Shilazeet

Plant ht (cm)
Cluster/plant
Pods/cluster
Pods/plant
Seeds/plant
Yield/plant(g)

JS 80-21X MACS 694

Range

Mean±SE

PCV%

Range

Mean±SE

PCV%

88-103
9-62
2-8
32-132
55-234
12.5-42.3

94.2±3.25
43.2±1.12
4.22±0.32
63.25±4.01
109.6±3.65
20.0±1.32

8.65
14.25
4.96
25.32
20.13
30.20

76-103
7-52
2-8
28-110
56-196.5
12.2-50.25

82.1±2.01
40.3±0.92
3.84±0.22
62.3±2.56
98.65±7.45
19.8±1.25

7.23
11.24
5.32
19.63
17.45
27.85

Rapeseed and mustard
A composite variety developed by intermating
through open pollination of progeny of 35 selected
lines was maintained through random mating for
seed increase by growing in isolation. Productivity
of this composite was found to be 1.02t/ha in
comparison to 0.87 t/ha of M 27. Another
composite line developed through open pollinated
seed mixture of SCRT 1-1, SCRT1-2 and SCRT 13 genotypes was also maintained through random
mating.

Table 2. Performance of selected two progenies
Character

JS80-21X Shilazeet

JS 80-21X MACS 694

Progeny 1 Progeny 2 Progeny 1 Progeny 2
Plant ht (cm)
Cluster/plant
Pods/cluster
Pods/plant
Seeds/plant
Yield/plant(g)

98.65
46.20
6.25
78.56
176.52
22.35

96.58
50.20
7.24
79.85
180.25
24.56

88.25
45.62
6.20
80.21
174.95
21.35

94.23
49.85
7.00
81.25
172.52
23.20

Evaluation of IVT trial of soybean
IVT trial comprising 38 genotypes (35+ 3
checks) was conducted. The results revealed that
three genotype namely PS14505 (1.35 t/ha), Dsb11
(1.34 t/ha), JS 20-18 (1.33 t/ha) were superior to
best check Bragg (1.2 t/ha). VLS 73 was early
maturing (32 days to flowering and 75 days to
maturity). Table 3 represents the mean and range
of various yield components.

Bioorganic for groundnut
Based on last three years field trials, 5 different
bioorganics, viz.,GF3, RCHE641FL, RCHE 490L,
RCHE 538L and RCHE 694L were selected for
groundnut crop. The pod yield was increased by
33.7 %, 30.3 %, 25.3 %, 22.5 % and 17.8 % more
over control (2.15 t/ha). The no. of branches per
plant was highest in RCHE641FL treated plot
whereas the no. of root nodules was maximum in
RCHE 538L treated plot.

Table 3. Range and mean of different yield
components of 42 soybean entries
Characters

Range

Mean ±SE

Days to flowering
Days to maturity
Plant ht (cm)
Yield(t/ha)

32-51
75-110
46.82-81.33
0.67-1.34

46.52±2.2
107.5±7.25
74.25±3.25
1.19±0.46

Bioorganic for soybean
Four different formulations, viz., RCHE 397L,
SF 4, 681L and 538L were selected for field trial.
The formulations RCHE 538L and 681L treated
seeds germinated two days ahead of control plot.
The leaf number and plant biomass were 46 % and
52 % higher in case of RCHE 397L and SF 4
formulations. However, the root volume and root
nodules were highest with RCHE 538L. The yield
advantage were 24.1, 27.5, 25.8, and 22.6 per cent
more over control (2.14 t /ha)

Multiplication and maintenance of promising
lines
Three promising F9 lines namely RCS1, 9, 10
having yield advantage 15 -20 % as compared to
JS 335 and JS 80-21were multiplied. RCS 9 have
been promoted to AVT I trial 2008 for North Hill
Zone.

Bioorganic for mustard
Four formulations were tested in mustard crop
as seed treatment. The formulation GF7 recorded
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during kharif in augmented design with RCRB 1-6
and RBS 16 as checks (Table 1). All of the single
plant progenies flowered and matured significantly
earlier than both of the check varieties. Although
none of the F7 single plant progeny was superior
to the check varieties for grain yield per plant, 38
F7s were at par with the checks for this trait. For
harvest index 2 F7s were superior to and 14 F7s
were at par with the checks. This material holds
promise for the identification of extra early
ricebean genotypes with good yield.

highest yield among the formulations and it was
28.6% more over control (0.52 t/ha).

Soybean diseases
Survey and surveillance of soy bean diseases to
identify disease free areas
Rust (Phakopsora pachyrhizi) disease was
observed in Jaintia Hill district of Meghalaya in
experimental plots. At Barapani farm, frog-eye leaf
spot (Cercospora sojina) was noticed in very low
intensity line VLS 71. A few plants were found to
be affected by collar rot (Sclerotium rolfsi) in
experimental plots in July. Disease intensity was
less than 1%.

Generation advancement of urdbean and pea
crosses
Four urdbean crosses (Pahelo Dal 4 x KU 508,
Pahelo Dal 4 x KU 305, Pahelo Dal 4 x KU 303
and Pahelo Dal 4 x KU 301) were advanced to F2.
Thirty six F4 s from pea crosses among TRCP8,
TRCP 9, DMR 7, DDR 50, DDR 39, DDR 64, MNP
1, MNP 2 and Pant P 25 were advanced to F5
through single seed descent. All of the crosses
involving MNP 1 and MNP 2 were highly
susceptible to powdery mildew.

Evaluation of breeding materials for resistant
donors against rust and pod blight
Thirty-five entries were evaluated. Sowing date
was 25 July 08. Diseases were recorded at maturity
and percent disease index (PDI) was calculated.
The highest rust disease (PDI 96.8) was recorded
in entry JS20-18 and lowest (PDI 57.2) in entry
MAUS 417. The pod blight (Colletotrichum
truncatum) PDI ranged from 0 (MAUS 417 and
NSO383) to 49.33 (PS1450).

PULSES

Evaluation of AVT trials of pea
Seven genotypes of pea were evaluated in AVT
1 and eight genotypes were evaluated in AVT 2.
Four high yielding genotypes P7-501 (2.4 t/ha), P7506 (1.9 t/ha), P7-526 (0.19 t/ha) and P7-525 (0.18
t/ha) were identified.

Evaluation of photo-insensitive F7 single plant
progenies of ricebean
Based on the yield performance of the F6 of a
cross PISRB 3 X RBS 24, seventy-two single plant
selections were made. Individual F7 plant
progenies of these selected plants were evaluated

Biotechnology
Two protocols were standardized for genetic
transformation of chickpea var. C-35. Root
induction in the transformed shoots was also
standardized. Putative transformed plants were
tested using Xpresstrips (Desigen) standardized

Table 1. Mean and range of different yield components of F7s and checks
Material

F7
Checks
Number
of F7s

Days to 50% flowering

Days to 70% maturity Grain yield/plant

Harvest index

Mean

Range

Mean

Mean

49.6
61.4
72 (100%)

40.0-60.0
61.3-61.6

96.3
87.0-104.0 9.3
114.2
113.8-114.5 28.5
72 (100%)
0 (0%)

Superior
to checks
At par
0(0%)
with
checks

Range

0(0%)

Mean

Range

5.1-26.2 61.0
25.4-30.7 74.5
2 (2.8%)

38 (52.7%)

27

Range
24.6-81.7
73.9-75.1

14 (19.4%)

ANNUAL REPORT 2008-09

old and C. jambhiri of four years old plants were
evaluated for their growth, yield and quality
attributes. Maximum plant height (254 cm) and
rootstock diameter (4.81 cm) was recorded in
grafted plant on C. reshni rootstock and maximum
scion diameter in C. volkamariana. However, the
highest mean plant spread (85.23 cm) and fruit
yield /plant (80 Nos) was recorded in grafted plant
on C. taiwanica rootstock.
Similarly, nucellar and grafted plant (C. grandis,
C. limon, C. reshni and Dancy Tanzelo) of three
years old were also evaluated. Maximum plant
height (176 cm) and scion diameter (2.8 cm) was
recorded in C. grandis and C. reshni rootstock,
respectively.
Physico-chemical attributes of grafted plant of
Khasi mandarin fruits reveal that maximum fruit
weight (109 g), fruit length (5.5 mm), fruit diameter
(6.1 mm), specific gravity (0.95), TSS (9.08 %)
and ‘’ carotene (1.81 mg/100 ml) was recorded on
C. taiwanica rootstock (Fig 1), whereas, maximum
juice (53.9 %) and ascorbic acid (39 mg/100 ml),
and lowest acidity (0.98 %) were recorded with C.
volkamariana. Minimum peel thickness (2.09
mm), maximum reducing (3.33 %) and total sugar
(7.5%) were observed under C. reshni, Dancy
Tanzelo and C. latipes rootstock, respectively.

and positive plants were tested by PCR. PCR
positive plants were established by grafting.

Pest management
Bio-ecology of pea pod borer (Lampides
boeticus)
Studies on biology of blue butterfly showed that
the incubation, larval and pupal period lasted for
3.8, 14.1 and 7.8 days, respectively with a total
life span of 34.9 days. Seasonal incidence studies
showed that the pest population attained its peak
in the third week of February.
Management of pea pod borers with botanicals
Among five botanicals tested for their efficacy
against pea pod borer neem formulation NEKE (5
%) gave better control of the pest.
Bio-ecology of soybean leaf folder (Nacoleia
vulgalis)
Eco-biological study showed that soybean leaf
folder completed its life cycle within a span of 3035 days during monsoon (July-August) and there
were 3 to 4 overlapping generations in a cropping
season.
Effect of botanical insecticides against pulses
beetle
Azadirachtin, kraranjin, neem oil and anonin
were evaluated against adults of pulse beetle
Callosobruchus maculates by dry film method.
Anonin was found to be more toxic. However, adult
beetles were susceptible to all the botanicals
insecticides

HORTICULTURE
FRUITS
CITRUS
Evaluation of nucellar seedling, tissue
cultured and grafted plants for growth, yield
and quality parameters
Tissue cultured and grafted plants of Khasi
mandarin rootstocks like Citrus volkamariana, C.
latipes, C. taiwanica, and C. reshni of five years

Fig 1. C. taiwanica x Khasi mandarin
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Effect of bio fertilizer Azospirillum and
Phosphotica on seedling growth of Khasi
mandarin
An experiment was conducted on effect of
Azospirillum and Phosphotica on seedling growth
of Khasi mandarin comprising twelve treatments
viz. Azospirillum (0, 10, 20, 40 g/plant),
Phosphotica (0, 10, 20 g/plant). The growth data
of one year old seedling was recorded. Maximum
shoot length (30.25 cm), collar diameter (6.72 mm),
no. of leaves/ plant (34), shoot & root fresh wt
(10.81, 7.16 g), shoot & root dry wt (6.19, 4.59 g)
and plant biomass (10.78 g/plant) was recorded
with Azospirillum 40 g/plant. However, maximum
root length (31.73 cm) and no. of primary root
(55.33) was recorded with (Azospirillum 10 g/plant
application.

Studies on intercropping
Six crops namely French bean (RCFB-1), cow
pea (RCCP-1), ground nut (ICGS-76), soybean (JS335), ricebean (RCRB-1-6) and urd bean (T-9) were
grown as intercrops during Kharif season in three
years old Khasi mandarin orchard. The yield data
of different crops revealed that maximum yield was
recorded in cowpea (2.63t/ha) followed by
groundnut (2.33 t/ha), French bean (1.44 t/ha),
ricebean (0.65 t/ha), urd bean (0.26 t/ha) and
soybean (0.23 t/ha).
Effect of mulching on plant growth and weed
population
Seven mulching materials i.e. black polythene,
pine tree leaves, farm grass, leaves of ricebean,
Flemingia macrophylla, Crotolaria tetragona and
Tephrosia candida along with control (no mulch)
were tested on three years old Khasi mandarin. The
leaves and grass were applied in the tree basin @ 2
kg/m2 twice in a year i.e. July and November.
Maximum increase in plant height (53.37 %) and
canopy spread in East-West direction (81.27 %)
was recorded under farm grass mulch, while stem
diameter (70.8 %) under control and No. of branch/
plant (70.6%), canopy spread in North-South
direction (146.67 %) under F. macrophylla and T.
candida leaves mulch, respectively over previous
year growth. Minimum weed density was found
under black polythene mulch (0.42 kg g/m 2)
followed by pine leaves (0.9 kg/m2).

Disease management
Collection of samples and pathogen isolation
Scab disease (Sphaceloma spp) samples were
collected from various parts of Meghalaya,
Arunachal Pradesh and Sikkim. The pathogen was
isolated from new flush leaves as well as older
lesions. Nine different isolates were selected.
Disease samples of mature lesions were collected
in order to test the ability of pathogen to grow in
dormant conditions. The pathogen was isolated
from mature lesions using scrap method.
Cultural studies
The studies on cultural characteristics of the
various isolates collected were conducted. The
growth habit and colour differentiation among the
isolates was recorded. B2 isolate and A1 isolate
were fastest growing. Mycelial weight was highest
in B2 followed by F1 isolate (Table 1). The colour
of culture was pinkish and white. Growth in most
of the isolates was fluffy.

Effect of Azotobactor and Phosphotica on
seedling growth of Khasi mandarin
An experiment on effect of Azotobactor and
Phosphotica on seedling growth of Khasi mandarin
comprising twelve treatments viz. Azotobactor (0,
10, 20, 40 g/plant), Phosphotica (0, 10, 20 g/plant)
was executed. The growth data of one year old
seedling was recorded. Maximum shoot length
(29.90 cm), collar diameter (8.52 mm), no. of
leaves/ plant (32.67), primary root length (17.62
cm), shoot & root fresh weight (14.36, 8.64 g), dry
wt shoot & root (8.06, 5.06 g) and plant biomass
(13.12 g/plant) was recorded under Azotobacter
10g + Phosphotica 10g treatment. However,
maximum root length (38.15 cm), no. of primary
root (61.5) was recorded with Azotobacter 20 g/
plant application.

Disease expression of different isolates of
Sphaceloma on Khasi mandarin
An initial study on disease expression of
different isolates under in vitro conditions through
detached leaf method was undertaken. Among the
isolates screened, B2 and C1 isolates were
aggressive and recorded high disease percent
incidence. The ranking of isolates remained in
following order, B2 (97.5) >C1 (87.5) >A1 (80.0)
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were found active upto end of August. The adult
beetles were observed to spend maximum time in
mating and remaining time in feeding on leaf and
bark of plants. Egg laying was observed in late
evening between 7:30 to 9:30 pm.

Table 1. Cultural characteristics of scab fungus
Isolates

Colony characters

A1

Fluffy growth, colour
diffused in media
Fluffy growth with light
pink colour,
colour diffused in medium
White fluffy growth, fast
growing, ring formation
in colony
Fluffy growth, colour
diffused in media
Fluffy irregular growth
with pink colour
Fluffy irregular growth,
growth is pinkish at radials
White pinkish growth,
ridged growth with rings

B1

B2

C1
D1
E1
F1

Radial Mycelial
growth weight
(cm)
(mg)
7.48

58.75

7.27

101.75

7.78

146.25

7.70

83.25

7.02

137.25

7.62

115.75

4.60

153.75

Biology of citrus leaf miner
The life span of adult male and female citrus
leaf miner was found to be 4-12 and 3-10 days,
respectively. The female lays eggs singly in both
sides of citrus leaf near the mid rib. The fecundity
was recorded as 27-47 eggs/female. Eggs were
hatched in 2-7 days and newly emerged larva mined
between two epidermal layers of citrus leaf and
went through four larval instars in 4 -12 days. The
pupal stage (Fig 1) last for 5-17 days with total life
cycle of about 14-48 days.

>D1 (77.5) >B1 (75.0) >E1 (75.0) >F1 (70.0) for
causing disease incidence.
a. Egg

Screening of citrus genotypes against scab
disease
Thirty four citrus genotypes from five citrus
groups viz. lemon, lime, mandarin, sweet orange
and rootstocks/ species were screened. Maximum
disease (PDI 98) intensity was observed in Khasi
mandarin. Nineteen genotypes (Excelsor, Chironja,
sweet orange, Umatila, Karna khatta, Benton,
Kagzi lime, C. taiwanica, C. latipes, Cleopatra,
Citrimon, Dancy tangelo, Naity jamir, Tasi, Karun
jamir, Sohnariang, Kinnow mandarin, Trifoliate
orange, Citrange) were found resistant, four
(Kachai lemon, Galgal, Ellenor, Estes rough lemon)
as moderately resistant and rests of the genotypes
showed various degrees of susceptibility.

b. Larva

c.Pupa

Fig 1 (a-c). Citrus leaf miner

Seasonal incidence of citrus leaf miner
The incidence of citrus leaf miner was first
noticed during the second week of February and
its infestation increased gradually up to 3rd week
of May and thereafter rapidly decreased up to first
week of June. The infestation increased rapidly
from June second week onwards and reached to
the peak (31.5 %) in 3 rd week of August. The
infestation decreased sharply during last week of
August and reached to minimum in first week of
September. There was no infestation after second
week of December onwards till the new flush.

Management of citrus scab
Efficacy of fungicide carbendazim (Bavistin)
for management of citrus scab was studied. Spray
@ 2 g/l was found best reducing 93% disease
followed by 1 g/l (36%).

GUAVA
Growth, yield and quality attributes of guava
cultivars
Four years old guava cultivars viz. RCG-1,
RCG-2, RCG-3, Allahabad Safeda, L-49, Lalit,
Sangam, RCG-11, RCGH-1, RCGH-4 and RCGH7 were evaluated for growth, yield and fruit quality
traits. RCGH-1 and Allahabad Safeda recorded the

Pest management
Biology of citrus trunk borer
Incidence of citrus trunk borer was observed
during the last week of March and the adult beetles
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vigorous growth among all cultivars. The maximum
number of fruit/ plant was recorded under RCG-2
(95) followed by RCG-1 (90), RCGH-1 (81) and
Lalit (78). Whereas, yield/plant was found highest
in RCGH-1 (12.8 kg) followed by Lalit (10.5 kg).
The maximum TSS was recorded in RCG-11
(12.1%) followed by RCGH-7 (11.5%) and Sangam
(11.2%).

PASSION FRUIT
Physico-chemical parameters of different
genotypes
Well ripen fruits of three species i.e. Passiflora
edulis, P. edulis f. flavicarpa and P. alata of passion
fruit comprising eleven genotypes viz. Meghalaya
purple, Nagaland purple, Kerala yellow, RCPS-1,
Panama yellow, DPI, Kaveri, EC-1, EC-2, EC-19
and EC-20 were evaluated for physico-chemical
parameters. Physico-chemical attributes of passion
fruit showed a great variation in traits (Table 1).

Effect of pruning severity and time on delayed
flowering of guava
An experiment on effect of pruning level (no
pruning, 30 cm terminal) and spraying of PGRs
viz. GA3 (50 &100 ppm), MH (1000 & 2000 ppm)
along with control (water spray) was conducted
on guava cv. Allahabad Safeda. Fruiting was
delayed about 2 weeks under MH @ 1000 and 2000
ppm with 30 cm terminal pruning as compared to
control.
The effect of different concentrations of PGRs
viz. GA3 (50 &100 ppm), MH (1000 & 2000 ppm)
and paclobutrazol (1000 & 2000 ppm) along with
control (water spray) was studied on fruiting
behaviour of guava cv. L-49. Fruiting was delayed
by one week due to spraying of GA3 @ 100 ppm
and MH @ 2000 ppm as compared to control.

Study on qualitative and quantitative changes
in fruits of passion fruit genotypes during fruit
growth and development
Three species (Passiflora edulis, P. edulis f.
flavicarpa, P. alata) of passion fruit comprising
six genotypes viz. Meghalaya purple, Nagaland
purple, Kerala yellow, RCPS-1, Panama yellow and
EC-1 were studied. Observations were recorded at
weekly interval after fruit set till maturity and even
from dropped fruits. Study revealed that fruit
weight and size gradually increased up to 83 days
after fruit set and thereafter slightly decreased in
all genotypes. However, TSS, ascorbic acid and

Table 1. Physico-chemical parameters of passion fruit genotypes/species
Genotypes

Fruit Fruit
weight length
(g)
(cm)

Fruit
dia.
(cm)

Juice TSS
(%)
(%)

pH

Acidity Ascorbic
(%)
acid
(mg/100
ml juice)

Reducing Total
sugar
sugar
(%)
(%)

‘β
β’
carotene
(mg/100
ml juice)

Passiflora edulis
Meghalaya Purple 41.02
Nagaland purple 43.04

6.1
4.9

4.63
4.52

28.5
30.96

15.75
15.0

4.12
4.8

2.82
3.25

48.75
41.34

5.88
3.92

14.58
18.1

3.27
-

P. edulis f. flavicarpa
Kerala yellow
114.2
RCPS-1
133.75
Panama yellow 112.35
DPI
95.61
Kaveri (Hybrid)
89.65

6.5
7.33
7.24
6.0
6.63

6.38
6.75
6.70
6.18
6.25

36.31
40.76
38.15
32.71
35.31

16.4
16.8
17.4
16.2
15.0

6.0
6.0
6.1
-

4.86
4.35
3.5
2.76
2.63

22.8
31.5
22.5
26.5
41.47

5.26
5.4
5.0
6.80
4.66

16.6
15.38
13.34
10.0
13.40

14.95
12.55
16.95
12.21
7.88

192.87 10.17
123.26 8.57
135.58 8.12
46.22 6.39

7.05
6.44
6.12
4.11

22.35
16.22
20.43
27.04

19.0
22.0
18.0
18.0

6
6.0
-

1.41
1.41
1.28
1.28

30.8
14.4
17.16
22.88

6.67
6.85
9.52
8.0

12.85
25.0
18.18

1.67
1.86
1.63
-

P. alata
EC-1
EC-2
EC-19
EC-20
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tunnels of UVS polythene. It was observed that
strawberry can be produced 30-35 days earlier than
normal period, when planted in low tunnels of 50
% shade net in the month of July or August and the
period of fruit availability may be extended to 47
days from normal when planted in the month of
November under UVS polythene tunnels. Normal
fruiting period under open condition was 18 Jan.
to15 March.

sugar gradually increased up to 90 days after fruit
set and slightly reduced in dropped fruits, while
acidity was reduced gradually till maturity and also
in dropped fruits. Juice flavour started at 62 and
83 days after fruit set in purple and yellow
genotypes, respectively, whereas, maximum
flavour was observed only at 83 and 90 days after
fruit set under purple and yellow genotype,
respectively, though juice colour became orange
at 63 days after fruit set.

PEACH
STRAWBERRY
Effect of pruning time on early fruiting of peach
Peach cv. TA-170 was pruned on 30th October,
th
15 November and 30th November (normal pruning
time). Earliest shoot emergence was recorded in
30th October pruned trees (Table 1 & Fig 1), which
also produced flower (100 %) and fruits 12-15 days
earlier than normal pruning date.

Off-season production of strawberry under low
tunnels
Strawberry was planted at monthly intervals
from July to November under low tunnels of plastic
and shade net (Fig 1). The size of tunnels was 4.0m
x 0.90m x 0.75cm. Maximum plant growth in terms
of survival, plant height and number of leaves/plant
was recorded in low tunnels of shade net 50 % in
the month of August and September whereas in
the month of November it was highest in low

Fig 1. Early fruiting in peach

Rejuvenation of old peach orchard
Unproductive old trees of peach were headed
back at a height of 1-1.5 m from the ground level
leaving 50 cm of their primary branches in the
month of Nov.-Dec. to facilitate production of new
shoots (Fig. 2). The newly emerged shoots (4-5)
were allowed to grow and in the month of March

Fig 1. Off-season production of strawberry

Table 1. Effect of pruning time on early fruiting of peach
Runing
time

Flowering
period

Harvesting
period

Oct., 30
Nov.,15
Nov.,30

16-25 Jan.
25Jan.- 2 Feb.
30 Jan. -7 Feb

10-20 April
20-29 April
22 April to 02 May

Yield
kg/tree

Fruit weight
( g)

TSS
(0B)

Acidity
(%)

18.05
14.0
11.08

45.9
40.72
44.79

11.09
10.4
10.02

0.83
0.75
0.95
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50 % of their length was pruned for emergence of
multiple shoot, which produced flower and fruit in
the next season. Performance of the rejuvenated
plants is given in Table 2.

sectional area (32.34 mm) and plant spread in eastwest direction (1.96 m), whereas, Satluj Purple
recorded highest number of primary branches
(6.46) and plant spread in north – south direction
(1.86 m) as compared to Santa Rosa, Doris and
Japanese plum
Performance of sweet orange under different
spacing
Budded plant of sweet orange var. Valencia were
collected and planted at spacing of 2m x 2m, 3m x
3m and 4mx4m for their performance evaluation
(Table 4).

Fig 2. Rejuvenated peach plants

Table 2. Performance of peach, one year after
rejuvenation
Time taken for shoot initiation
Nos. of primary branches before thinning
Length of primary branches before pruning
Girth of scaffold branches
Nos. of fruit/tree
Fruit weight (g)
Yield/tree (kg)

VEGETABLES

60 days
10-15
2.04 m
40.5 mm
130-220
68.5
10.4

TOMATO
Evaluation of varieties
Twenty-nine lines/ varieties of tomato were
evaluated for yield and physico-chemical
parameters grown under open conditions. Average
fruit weight was highest (181.14g) in Megha
Tomato – 4, whereas yield/ plant was highest
(4.95kg) in Megha Tomato – 5. Megha Tomato – 3
recorded the highest TSS (6.4°B), whereas highest
values for ascorbic acid (31.20 mg/100g), lycopene
(46.08 mg/100g), and β – carotene (6.12 mg/100
g) were recorded in Cherry tomato. Juice
percentage was recorded highest (87.87 %) in the
variety BT – 1.

High density planting of peach
Three low chilling varieties of peach viz. Partap,
Shan-e-Punjab and Floradasun were planted at a
spacing of 2m x2m for their performance
evaluation (Table 3).
Evaluation of low chilling plums
At 3 years after planting, Kala Amritsari attained
maximum plant height (2.18 m), trunk cross
Table 3. Effect of high density planting of peach
Cultivars

TA-170
Shan-e-Punjab
Florda Sun

Plant height (m)

2.76
2.26
2.33

Trunk girth (cm)

32.71
22.39
34.98

Plant canopy (m)

No. of branches

N-S

E-W

2.36
2.00
2.13

2.03
1.76
1.73

9.34
4
5

Table 4. Performance of sweet orange var. Valencia one year after planting
Spacing

2x2 m
3x3m
4x4

Plant
Plant height
population/ha. (cm)

2500
1111
625

1101.3
120.0
125.0

Trunk girth
(cm)

23.2
19.83
21.3
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Plant canopy (cm )
N-S

E-W

88.34
101.66
85.0

83.67
103.34
83.34

No. of branches

13.6
18.34
19.34
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Off-season production in polyhouse
Two tomato varieties including one hybrid were
grown during the month of June under low-cost
polyhouse. The results showed that hybrid Rocky
had the maximum average fruit weight (68.50g)
and the highest TSS of 7.2ºB. Ascorbic acid and
Lycopene were recorded highest (35.2 mg/100g and
34.30 mg/100g respectively) for cherry tomato.
Open pollinated line Megha Tomato-10 was also
found suitable for polyhouse due to indeterminate
growth, smooth round fruits and high yield even
though it yielded slightly less than hybrid Rocky
under polyhouse (Table 1 and Fig 1).
Table 1.

Variety

BRINJAL
Evaluation of brinjal varieties for yield
potentials
Thirty varieties/lines of brinjal were grown in
rainy season under open conditions. RCMBL 2
recorded the highest yield of 45t/ha (Fig 1), while
Bholanath recorded the highest average fruit weight
(482.50 g).

Performance of tomato varieties in
polyhouse
Avg.
Fruits
weight no. /
(g)
plant

Rocky
68.50
Megha
55.58
Tomato – 10
Cherry
07.04
Tomato

TSS
(%)

Ascorbic Lycopene
acid
(mg/100g)
(mg/100g)

18.39
20.69

7.20
7.00

20.00
23.00

27.92
31.99

97.68

7.20

35.20

34.30

Fig. 1. High yielding brinjal line RCMBL- 2

Storage study of brinjal under ambient
condition
Eleven brinjal varieties/lines were studied for
loss in weight and rotting of fruits, when stored at
ambient room temperature (33 ± 2°C) and relative
humidity (69 ± 2 %). The minimum physiological
loss in weight (PLW) was recorded in PB-61
(11.27%) followed by Arunachal Local (11.43%)
after 15 days of storage. Most of the genotypes
were free from rotting even after 10 days of storage
(Table 1).

Fig 1. Off-season production in polyhouse

Table 1. Performance of brinjal varieties/lines at room conditions
Variety/Line

RCMBL – 1
RCMBL - 3
PB – 61
Singhnath
Arka Nidhi
Selection – 5
Bholanath
Pongal Pink
RCMBL-1Big
Arunachal ocal
Bholanath x RCMBL - 3

PLW (%)

Rotting (%)

5 days

10 days

15 days

5 days

10 days

15 days

05.84
06.03
06.53
07.30
06.39
05.84
05.27
08.71
06.08
05.32
05.15

09.65
09.70
10.35
11.12
09.94
09.69
08.14
13.66
09.54
08.41
08.06

14.20
13.82
11.27
14.59
14.01
14.20
11.83
20.66
13.55
11.43
11.58

00.00
00.00
00.00
00.00
00.00
00.00
00.00
00.00
00.00
00.00
00.00

00.00
00.00
07.32
00.00
08.18
09.09
00.00
00.00
00.00
00.00
20.13

23.70
00.00
00.00
00.00
00.00
08.79
07.35
00.00
00.00
00.00
12.24
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treatment T10 (N: P: K 120:60:80 kg/ha). For the
variety Fiesta the treatment T1 (vermicompost 1 t/
ha + FYM 10 t/ha + NPK 50%) gave the best results
for average head weight (333.33 g) and total yield
(7.2 kg/plot); ascorbic acid was found to be highest
(97.28 mg/100 g) in the treatment T9 and β –
carotene (21.68 mg/100g) in the treatment T8
(vermicompost 3 t/ha + FYM 10 t/ha + lime 2 t/
ha).

CABBAGE
A micronutrient experiment was conducted with
ten treatments in the cabbage variety Green
Challenger for studying the physico-chemical
properties. Highest yield (42.8 t/ha) and â –
carotene(10.97 mg/100g) was recorded in Na
molybdate 0.1 % spray followed by ZnSO4 10 kg/
ha soil application (42.3 t/ha) whereas, head weight
(1.5 kg) and ascorbic acid (26.88 mg/100g) was
highest in CaCl2 0.5% spray + lime 2 t/ha.

COLOCASIA
Six varieties of Colocasia were evaluated for
their cormel yield and disease incidence (Table 1).
The plants were harvested at six months maturity.
Maximum plant height was recorded in the variety
ML – 2 (68.67 cm), whereas maximum number of
side shoots (4.67) was observed in ML-9. The
variety BCC – 1 recorded the highest number of
cormels (5.33) per plant and the highest cormel
yield (7.5 t/ha). Leaf blight incidence was the
lowest in the variety ML – 2 (5.1%).

CAULIFLOWER
A micronutrient trial was conducted in the
cauliflower Hybrid 497. The highest yield (25.5 t/
ha) and highest head weight (1120g) were recorded
in Borax 0.5% spray + Lime 2 t/ha. Among the
chemical parameters, ascorbic acid was highest
(55.04 mg/100g) in Sodium molybdate 0.1% spray
and â – carotene was highest (2.14 mg/100 g) in
ZnSO4 10 kg/ha soil application.
BROCCOLI
Ten different treatments with vermicompost
(including control) as shown above were tried in
two broccoli varieties namely, Pushpa and Fiesta
grown in the month of November’ 08. In the variety
Pushpa, the treatment T2 (vermicompost 1 t/ha +
FYM 10 t/ha + recommended dose of N P K)
recorded the highest average head weight (300g)
and total yield (18.3 t/ha). Of the chemical
parameters, ascorbic acid was recorded highest
(80.40 mg/100 g) in the treatment T 4
(vermicompost 1t/ha + FYM 10 t/ha); â-carotene
(33.80 mg/100g) in T9 (vermicompost 1 t/ha + FYM
10 t/ha + neemcake 1 t/ha); chlorophyll ‘a’,’b’ and
total chlorophyll were recorded highest (0.41 mg/
g, 0.15 mg/g and 0.58mg/g respectively) in the

Fig 1. High yielding Colocasia line ML -9

Table 1. Effect of vermicompost and FYM with and without fertilizer
Treatments

Head
Yield Ascorbic β
Chlorophyll(mg/g)
weight (t/ha) acid
carotene
(g)
(mg/100g) (mg/100g)
‘a’
‘b’
Total

Vermicompost 1t/ha + FYM 10 t/ha+ N: P: K 50%
Vermicompost 1t/ha + FYM 10 t/ha+ Full dose of N: P: K
Vermicompost 3t/ha + FYM 10 t/ha
Vermicompost 1t/ha + FYM 10 t/ha)
Vermicompost 1t/ha + Lime 2 t/ha

295.00
300.00
240.00
260.00
133.33
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12.8
18.3
11.3
8.3
6.8

67.39
67.39
67.20
80.40
77.38

14.80
15.20
16.83
27.17
27.14

0.05
0.02
0.21
0.30
0.35

0.02
0.003
0.06
0.10
0.12

0.07
0.03
0.28
0.42
0.49
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Table 1. Performance of Colocasia varieties
Variety/genotype

Plant
height (cm)

ML – 1
ML – 2
ML – 9
SJ – 1
Meghalaya Collection – 1
BCC – 1

53.53
68.67
51.39
47.00
41.77
40.95

No. of side
shoots/plant

No. of
cormels/plant

3.00
4.67
4.78
3.33
3.34
4.11

4.00
4.50
4.50
2.50
3.50
5.33

TARO

Cormel
Total
yield(t/ha) yield(t/ha)
6.5
5.7
4.6
3.5
7.3
7.5

Leaf blight
incidence(%)

22.3
18.3
24.4
14.8
20.5
17.5

20.00
5.10
7.22
15.00
21.60
21.67

treatment T2 (61.25mm), whereas T1 recorded the
highest corm diameter (55.07mm). For cormels,
highest length was recorded in T3 (56.57mm) and
highest diameter in T5 (31.79 mm). Average weights
of corms (72.46g) as well as cormels (26.44g) were
found to be highest in the treatment T1.

Integrated nutrient management in taro
An experiment was conducted with the variety
Bidhan Chaitanya to see the effect of different
sources of nutrients on yield and quality (Table 1)
of taro. The tubers were harvested at six months
maturity. The highest plant height was recorded in
the treatment T3 (50.47 cm) whereas, the number
of side tubers was highest in T5 (9.67). Total yield
(20.5t/ha) as well as the highest yield of side tubers
(16.8t/ha) was recorded in the treatment T2. The
treatment T4 recorded the highest dry matter content
of 33.07%. Corm length was highest in the

SWEET POTATO
Evaluation trial in sweet potato
Six sweet potato varieties were evaluated. Total
tuber yield was highest (28.6 t/ha) in the variety
Kokrajhar local, but the marketable yield was

Table 1.Effect of different source of nutrients on taro
Treatment No. of
side
tubers/
Plant

Yield of
side
tubers
(t/ha)

T1
T2
T3
T4
T5
T6
T7
T8
T9

12.8
16.8
14.5
11.0
10.3
8.3
4.8
2.8
1.4

5.67
9.00
8.67
7.67
9.67
8.67
9.33
7.67
4.00

Total
yield
(t/ha)

Dry
matter
(%)

Corm

Cormel

Length Diameter Average Length
mm)
(mm)
weight
(mm)
(g)
1.6
2.1
1.6.
1.5
1.4
1.2
0.7
0.5
0.4

26.13
20.47
32.20
33.07
17.13
22.73
28.87
29.47
28.33

51.53
61.25
60.70
44.77
52.21
56.48
47.80
52.53
60.28

55.07
42.56
44.62
45.65
45.74
43.83
40.72
48.71
34.63

72.46
57.56
56.39
52.49
50.47
53.18
37.74
56.03
31.43

53.95
43.63
56.57
41.49
40.55
48.51
36.70
52.69
43.24

Diameter
(mm)

30.18
29.03
25.83
30.12
31.79
26.62
28.60
28.02
24.22

Average
weight
(g)
26.44
21.06
22.06
16.62
20.43
20.01
16.36
25.28
12.91

T1: Vermicompost (1t/ha) +full FYM (10t/ha)+ 25% recommended dose of NPK (80: 60: 80 kg/ha)
T2: Vermicompost (1t/ha) + full FYM + 50% recommended dose of NPK
T3: Vermicompost (1t/ha) + full FYM + 75% recommended dose of NPK
T4: FYM (10 t/ha) + neem cake (1t/ha)
T5: FYM (10 t/ha) + mustard cake (1t/ha)
T6: Recommended dose of FYM + NPK @ 80: 60: 80 kg/ha
T7: Full dose of FYM + Phosphate Solubilizing Bacteria (5kg/ha) + Azospirillum (5kg/ha)
T8: Full dose of FYM + AMF Mycorrhizal fungi (5kg/ha) + Azospirillum (5kg/ha)
T9: Control
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recorded highest (23.1t/ha) in S-107. Kokrajhar
local recorded the highest dry matter (37.50%),
whereas harvest index (58.62%) was highest for
the variety Sree Bhadra. Weevil damage was lowest
(6.55%) in X- 24 (Table 1).
Table 1. Evaluation of six sweet potato varieties
Varieties

Sree Bhadra
Meghalaya local
S-107
X-24
Kokrajhar local
Kokrajhar Red

Market- Tuber
able
yield
yield
(t/ha)
(t/ha)
22.9.
17.2
23.1
17.2
22.4
21.2

27.5
19.8
21.1
21.0
28.6
24.9

Dry
Harvest Weevil
matter index
damage
(%)
(%)
(%)

26.00
34.20
33.70
26.00
37.50
33.33

58.62
50.91
48.53
36.95
41.29
51.82

9.20
7.50
8.80
6.55
8.75
9.09

Fig 1. β-carotene rich sweet potato variety ST-14

length (243.47 mm) was recorded for Meghalaya
local at 165 DAP; whereas 94.42 mm was the
highest tuber diameter recorded in the variety ST14 at 150 DAP. Dry matter content was highest
(37.50%) in the variety Kokrajhar local at 105 DAP.
Total sugars were recorded highest (49.40%) for
Sree Bhadra at 150 DAP. The highest starch value
(14.40%) and ascorbic acid (43.40 mg/100g) were
recorded in Meghalaya local, whereas â-carotene
values were highest for the variety ST – 14 at 165
DAP (Table 2)

Performance of sweet potato varieties
Twenty-three varieties of sweet potato were
evaluated for their yield and yield attributing
characters. Highest tuber yield (38.0t/ha) was
recorded in the variety 440038, followed by
Kokrajhar local (28.6 t /ha). Tuber length was
highest (243.47 mm) for the variety Meghalaya
local and the highest diameter (107.19 mm) was
for the variety Pol- 21-1 (Fig. 1).
Maturity indices in six sweet potato varieties
Six sweet potato varieties namely, Kokrajhar
local, Sree Bhadra, Meghalaya Local, ST-14,
440038 and S-107 were analyzed for their
physicochemical characters in different stages of
maturity i.e.90, 105, 120, 135, 150 and 165 days
after planting (DAP). The weight of tuber increased
with maturity and the highest average tuber weight
was 347g recorded in the variety Sree Bhadra at
165 DAP (Days after Planting). The highest tuber

CASSAVA
Evaluation of cassava genotypes for higher
productivity
Seven genotypes were evaluated. Highest tuber
length (42.30 cm) was recorded in SreeJaya,
however Sree Prakash, recorded the highest tuber
diameter (4.00 cm). Tuber yield/plant was highest
(1.10kg) for the variety Sree Jaya. (Table 1)

Table 2. Starch content (%) in tubers at different growth stages
Varieties

Days after planting
90

Kokrajhar local
Sree Bhadra
Meghalaya local
S-107
440038
ST-14

4.92
5.52
4.45
5.56
4.62
4.27

105
11.39
10.00
10.59
6.82
3.65
6.44

120

135

150

165

10.61
9.45
6.81
7.64
4.93
6.47

9.00
11.11
7.83
6.98
5.14
8.57

9.47
11.39
8.82
8.92
8.15
7.03

14.20
12.27
14.40
9.25
9.30
14.36
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Table 1 . Performance of cassava varieties
Variety

Sree Vijaya
H – 165
Megh – 36
V. Hrushwa
Sree Prakash
H – 22
Sree Jaya

Tuber

cent fruit borer damage was more in Arka Abhijit
(31.44%) followed by Rocky (25.18%).

Yield
(kg / plant)

Length
(cm)

Diameter
(cm)

25.22
29.60
35.00
30.02
36.65
30.34
42.30

2.90
2.96
3.15
3.10
4.00
2.33
3.40

Management of tomato root knot nematode
In vitro experiments were conducted to evaluate
efficacy of ornamental leaf extract of gerbera,
marigold, hibiscus and lily in different
concentration (250, 500, 1000 ppm) for the
management of J2 of root-knot nematode
(Meloidogyne incognita). Extracts of marigold at
500 and 1000 ppm were found most effective
followed by hibiscus, gerbera and lily. These leaf
extracts at 250, 500, 1000 ppm were also applied
on potted tomato plants which were inoculated with
root-knot @ 1000 J2/pot and found that the leaf
extract of marigold @ 500 and 1000 ppm was
effective in controlling root knot nematode of
tomato.

0.90
0.99
1.00
0.91
1.01
0.90
1.10

Pest management
Evaluation of new insecticide molecules against
cabbage butterfly (Pieris brassicae)
Six new and eco-friendly insecticide molecules
viz., spinosad, cartaphydrochloride, diafenthiuron,
thiamethoxam, rocket and methomyl were
evaluated against larvae of cabbage butterfly
(Pieries brassicae) under field conditions. It was
found that Rocket, a combination product @ 2 ml/
l was more effective whereas, thiamethoxam @ 2
gm/l was found least effective against the larvae
of cabbage butterfly.

Pests of okra
Aphids (Aphis gossypii), jassids (Amrasca
bigutella bigutella) and leaf beetle (Monolepta
signata) were recorded in all the growth stages of
okra. The infestation of leaf roller (Sylepta
derogata) was observed during vegetative and red
cotton bug (Dysdercus koenigii) at fruiting stage
of okra. The incidence of blister beetle (Mylabris
pustulata) was recorded in both flowering and
fruiting stages.

Evaluation of Melia azedarach against cabbage
butterfly (Pieris brassicae)
Aqueous extract of seeds of Melia azedarach
was tested against 1-2 day old eggs and second
and third instar larvae of P. brassicae. It was
observed that all the neonate larvae, after hatching,
died within 2-3 DAT and the duration of hatching
period was increased in comparison to control.
Second and third instar larvae of P. brassicae were
highly susceptible to aqueous extract of M.
azedarach @ 5 % and the mortality of treated
larvae increased with the increase of exposure time
(72 HAT).

Evaluation of entomopathogenic fungi
Two entomopathogenic fungi viz., Nomuria
riley and Metarhizium anisopleae were tested for
their bio-efficacy against Spodoptera litura and
Dysdercus koenigii under laboratory conditions.
Nomuria riley was found effective against
Spodoptera litura @ 108 spores/ ml and infectivity
of Metarhizium anisopleae was found very less on
D. koenigii.

SPICES
Varietal screening against tomato leaf miner and
fruit borer
Eleven varieties of tomato were screened for
the incidence of leaf miner and fruit borer and it
was found that the incidence of leaf miner was more
in the hybrid Avinash (23.52 leaf mines/plant) and
Rocky (20.72 leaf mines/plant) whereas, the per

CHILLIES
Thirty-eight genotypes of chillies were
genotyped using 18 polymorphic ISSR markers.
Genetic relationship derived from these markers
indicated that these markers could identify the
species C. baccatum and C. frutescence from the
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other two. There was a mixed relationship between
king chillies and C. annum. However, king chillies
from Manipur formed a separate group indicting
scope for further studies in the group.

Determination of curcumin content at different
stages of maturity of turmeric
Curcumin content of 12 different varieties of
turmeric was determined at monthly interval from
5 months after planting till harvesting. At five
months after planting, the curcumin content was
maximum irrespective of varieties and thereafter
it decreased. Lakadong (9.4 %) and Megha
Turmeric-1 (8.5 %) had the highest curcumin
content at harvest (Table 2)

GINGER AND TURMERIC
Ginger and turmeric was grown in rainfed dry
terraces following two methods of cultivation i.e.
flat bed and bun (raised bed of 30cm height, 1 m
width) along with four organic nutrient
management practices. Soybean as green manure
crop was grown in the inter row spaces of ginger
and turmeric and was incorporated during earthing
up operation. Like previous year all the treatments
were superimposed in the same plot to see the
residual effect of treatments on soil health and crop
performance. Experimental results revealed that
integrated application of FYM and VC with
soybean green manuring produced significantly
higher yield in ginger (12.4 t/ha) and turmeric (79.8
t/ha) compared to control (Table 1). Performance
of FYM, vermicompost and integrated treatments
with soybean green manuring were found at par
with each other. No significant difference in yield
under two method of cultivation was observed in
both the crops.

Table 2. Curcumin content at different stages
of harvesting
Name of the varieties

Jorhat Local
BSR-2
Lakadong
Kasturi Janaka
Megha Turmeric-1
Rajendra Sonia
Alleppy Supreme
Duggirala Red
Narendra Haldi
Prathibha
Suranjana
Kedaram

Table 1. Yields (t/ha) of turmeric and ginger
under different method of cultivation
and organic management practices
Treatment

Turmeric

Ginger

27.8
30.5
NS
29.0

5.0
5.3
0.71
5.2

6.2
10.0
2.2
8.2

0.13
0.24
0.024
0.14

27.2

4.8

7.0

0.16

29.8

5.0

12.4

0.18

20.6

3.0

5.0

0.14

0.50

1.56

0.13

2.79

150
DAP

180
DAP

210
DAP

240
DAP

2.9
8.8
11.4
3.9
8.7
5.5
11.6
8.1
7.7
10.9
6.1
9.6

2.5
7.2
10.3
3.4
11.0
8.7
8.2
8.2
8.8
9.3
7.3
9.6

1.9
5.6
8.2
1.9
7.4
6.7
9.4
8.0
7.8
7.8
6.0
9.7

2.1
4.4
9.4
3.1
8.5
6.0
7.7
8.0
7.0
7.9
6.2
8.5

Bioorganic for ginger
In ginger, GF1 formulation was tested for
checking the problem of soft rot of ginger and to
improve the yield. Ginger rhizome were treated in
60 farmers’ fields in Ri-Bhoi district of Meghalaya..
Rhizome treatment with GF1 at a concentration of
2 % for 8 hrs before planting and one foliar spay at
50 days after planting was found to be very
effective in checking the infestation of soft rot of
ginger. The farmers reported that the GF1
formulation was quite effective in checking the
infestation of disease and improving the ginger
productivity. Also, many farmers reported that GF1
treatment resulted in more lustrous and bigger
clump size of the crop.

Rhizome Stover Rhizome Stover
yield
yield yield
yield
Flat bed
Raised bed
CD at 5%
FYM+ RP +
soybean green
manuring
VC + RP +
soybean green
manuring
FYM + VC+
soybean green
manuring
Farmer’s
practice
CD (P=0.05)

Curcumin content (%)

Bioorganic for turmeric
Based on last three years experiment, the best
found formulation i.e., RCHF 22 L was tested in
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one of the turmeric growing farmer’s field (1.5
acres area). Another 1.5 acres of land was not
treated (control). The formulation treated land
resulted in 45 % more yield and all the parameters
of crop were significantly better than non-treated
area. The curcumin content was also improved
marginally with formulation.

equatorial (1.80 cm) diameter, weight of 20 cormels
(16.52 g) was produced in Spic and Span (Table
1).
Effect of substrate media on cormel quality
Ten substrate media (v/v) i.e. soil (1), soil+FYM
(1:1), soil+leaf mould (1:1), soil+cocopeat (1:1),
soil+vermicompost (1:1), soil+sand (1:1),
soil+sand+cocopeat (1:1:1), soil+sand+FYM
(1:1:1), soil+sand+leaf mould (1:1:1) and
soil+sand+vermicompost (1:1:1) were used to
improve the quality of ‘Jester’ cormels. Substrate
media consisting of soil+ cocopeat (1:1) produced
maximum roots length (21.00 cm), number of roots
(6.05) per cormels and length of contractile roots
(10.50 cm). However, maximum cormel diameter
(14.40 mm), weight (7.60 g) of five cormels and
propagation coefficient (360.50%) was recorded
under soil+sand+vermicompost (1:1:1), while
maximum number of contractile roots per corm
(4.00) was found in soil + vermicompost (1:1)
(Table 2).

FLORICULTURE
GLADIOLUS
Evaluation for flowering and corm characters
Six varieties viz. Fidelio, White Friendship,
Spic & Span, Casa Blanca, Golden Goddess and
Rosibee Red were evaluated during summer season
(March-July). Maximum plant height (124.00 cm),
spike length (100.50 cm), rachis length (50.20 cm)
and number of florets per spike (16.00) were found
in Casa Blanca. Largest (4.80 cm) and heaviest
corm (44.50 g), maximum polar (2.00 cm) and

Table 1 .Performance of gladiolus grown in summer season
Varieties

Spike
length
(cm)

Rachis
length
(cm)

Florets/
spike

Casa Blanca
Fidelio
Golden Goddess
Rosibee Red
Spic & Span
White Friendship

100.50
75.90
87.20
74.50
83.00
82.06

50.20
37.95
41.10
31.60
40.10
45.37

16.00
11.10
11.07
10.17
11.82
12.60

Corm
Corm
diameter weight
(cm)
(g)
4.56
4.48
4.52
4.60
4.80
4.40

34.00
34.20
35.24
33.30
44.50
35.00

Polar
diameter
(cm)

Equatorial
diameter
(cm)

Weight
of 20
cormels

1.54
1.64
1.65
1.60
1.80
1.68

8.80
7.00
6.40
10.50
16.52
15.46

1.65
1.88
1.85
1.82
2.00
1.78

Table 2. Effect of substrate media on cormel production of gladiolus ‘Jester’
Treatments (v/v)

Soil (1)
Soil+FYM (1:1)
Soil+Leaf mould (1:1)
Soil+Cocopeat (1:1)
Soil +Vermicompost (1:1)
Soil+Sand (1:1)
Soil+Sand+Cocopeat1:1:1)
Soil+Sand+FYM (1:1:1)
Soil+Sand+Leaf (1 :1:1)
Soil+Sand+Vermi (1:1:1)

Roots /
cormels
3.20
2.55
3.15
3.85
3.45
3.05
3.25
2.70
3.25
3.00

No. of contractile
roots/ cormel
2.58
2.50
2.60
2.48
4.00
2.40
2.40
2.45
2.62
3.30

40

Cormel
diameter (mm)

Weight of 5
cormels(g)

Propagation
coefficient(%)

11.24
13.52
14.00
13.50
13.80
12.45
13.26
14.30
13.44
14.40

3.70
6.20
6.50
6.46
6.36
4.80
5.58
7.66
5.78
7.60

170.70
290.50
308.00
298.40
296.00
227.50
260.20
352.52
270.30
360.50
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number of flowers per plant (18.20), while
maximum flower diameter (9.70 cm), stalk length
(47.50 cm), stalk diameter (4.50 mm) and vase life
(7.36 day) was recorded from cv. Aalsmeera (Table
1).
Among the 32 hybrids/genotypes evaluated
under open conditions, hybrid RCGH- 117
produced maximum number of flowers per plant
(12.20), flower diameter (10.80 cm), vase life (7.32
days), whereas RCGH-95 produced longest stalk
(34.26 cm). Maximum stalk diameter (5.80 mm)
was found in RCGH-65 (Table 2).

Effect of benzyl adenine on cormel production
Pre-planting soaking of ‘Candyman’ corms with
benzyl adenine (BA) with different concentration
(ppm) viz., 25, 50, 75, 100, 150 and tap water for
24 hours was done. Corm soaking with BA (50
ppm) increased the contractile roots (25.00) and
daughter cormels (26.50) per plant. However,
maximum number (6.05) of shoots per plant was
found in BA (100ppm) (Table 3).
Table 3. Effect of BA on cormel production of
gladiolus cv.Candyman
Treatment
(ppm)
Tap water
25
50
75
100
150

Contractile
roots/ plant
10.55
15.28
25.00
22.58
20.60
22.40

Daughter
cormels/ plant
15.20
20.70
26.50
18.50
17.80
13.50

Shoots/
plant

Effect of different growing structure on
flowering
Altogether, 18 varieties were evaluated under
two different low cost bamboos made growing
structures i.e. type I, top covered with 200 micron
UV film and sides with 50% shade; type II, covered
with 50% throughout. Type I growing structure
produced earlier flowering, quality flowers than
the type II. Maximum flowers of 32 and 30 per m2
was recorded from ‘Diego’ and ‘Venice’,
respectively; flower diameter (11.12 cm) in
‘Torbin’, while longest flower stalk (72.30 cm) was

1.85
2.80
5.50
5.28
6.05
5.42

GERBERA
Evaluation for flowering characters
Among the 21 cultivars evaluated under open
conditions, cv. Indukumari produced maximum

Table 1. Performance of gerbera varieties under open condition
Varieties

Indukumari
Evening Bells
Nebulusa
Pride of Sikkim
J.S. Lal
Red Monarch
General Khaiser
Yellow Queen
Benzo
Pink Star
Carona
Divas Memory
V. Recard
Fravoury Rahman
Salmon Spray
Popular
Nervana
Red Bird
Jemeson Hybrid
Black Heart
Aalsmeera
CD (P=0.05)

No. of flowers/
plant
18.20
5.10
12.20
4.60
6.25
9.28
6.36
12.06
7.72
9.20
12.00
3.60
5.22
6.12
5.00
9.60
5.00
6.78
4.10
7.82
5.80
1.09

Flower
diameter(cm )
9.50
9.40
9.00
9.12
9.20
8.10
8.40
8.50
8.72
8.36
9.52
9.60
7.45
8.50
9.41
9.65
8.50
9.52
8.36
9.00
9.70
0.68

Stalk
length(cm)
32.00
34.50
37.04
30.20
32.10
30.82
40.40
34.10
32.70
28.68
35.32
30.46
33.60
30.10
32.00
26.00
22.00
30.00
38.00
46.00
47.50
1.48

41

Stalk
diameter (mm)
3.20
3.72
3.70
2.84
3.80
2.40
2.42
3.14
3.30
3.00
3.10
3.82
2.28
2.10
3.40
3.12
2.48
3.46
2.67
4.40
4.50
0.06

Vase life
(days)
4.10
6.00
5.87
3.92
6.28
4.00
3.86
4.90
5.36
5.00
5.10
6.20
4.20
3.50
6.20
4.16
3.36
5.50
3.90
7.20
7.36
0.14
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Table 3. Performance of gerbera varieties under
low cost polyhouse

Table 2. Performance of gerbera hybrids under
open condition
Hybrids

No. of Flower Stalk
flowers/ dialength
plant
meter (cm)
(cm )

RCGH-6
6.18
RCGH-7
6.50
RCGH-12
9.80
RCGH-22
6.14
RCGH-23
3.22
RCGH-28
5.00
RCGH-32
7.28
RCGH-33
4.80
RCGH-38
5.10
RCGH-42
3.68
RCGH-51
4.62
RCGH-57
3.66
RCGH-60
5.80
RCGH-63
5.61
RCGH-65
7.82
RCGH-76
5.00
RCGH-86
4.50
RCGH-89
3.00
RCGH-90
3.25
RCGH-93
6.28
RCGH-95
4.66
RCGH-97
5.52
RCGH-100
4.08
RCGH-108
3.28
RCGH-113
8.54
RCGH-114
7.72
RCGH-117
12.20
RCGH-127
3.07
RCGH-128
6.72
RCGH-172
4.61
RCGH-226
8.57
CSA
10.52
Collection
CD (P=0.05) 1.28

Stalk Vase
dialife
meter (days)
(mm)

9.24
9.00
9.04
10.30
9.20
9.46
8.50
8.48
9.00
9.30
8.33
9.02
9.30
9.50
9.06
10.50
10.10
9.00
9.40
8.80
10.12
10.40
8.96
8.50
8.80
9.40
10.80
7.30
8.12
10.20
9.40
9.54

31.62
30.00
31.62
32.00
28.50
26.58
30.42
30.00
25.10
33.60
27.40
25.72
26.30
24.10
27.30
32.60
25.68
20.00
25.00
33.10
34.26
32.98
24.78
26.00
34.20
32.90
33.87
22.50
28.00
32.40
26.08
27.42

3.70
4.60
4.30
4.30
4.34
4.40
4.00
3.48
3.80
4.60
4.22
3.50
3.50
4.36
5.80
3.20
4.50
4.42
3.68
3.50
4.00
4.32
3.30
4.68
4.20
4.40
4.22
3.50
3.80
4.50
4.18
3.20

4.26
5.80
5.00
5.28
5.40
5.20
5.42
4.70
4.68
5.50
5.62
4.50
4.60
5.00
6.80
4.90
5.12
2.28
5.00
4.50
5.00
5.52
4.40
5.60
5.00
4.97
7.32
4.60
4.40
5.08
5.62
4.43

0.68

1.46

0.05

0.08

Varieties

Flower
Stalk
diameter length
(cm)
(cm)

Stalk
Flower/
diameter plant
(mm)

Wall Street

10.35

72.30

6.20

16.00

Torbin

11.12

51.84

6.56

20.00

Lieke

10.92

65.63

6.76

16.50

Diego

9.63

46.84

6.66

32.00

Sienna

10.36

64.36

6.89

20.00

Lion

10.41

52.38

5.60

23.00

Venice

10.84

56.29

6.20

30.00

Fanna

10.30

56.66

6.68

25.00

68385

10.88

60.37

6.58

16.00

Mayonaise

9.67

46.79

6.50

20.00

Lovely Disc

9.80

56.33

5.96

14.00

Stanza

10.52

55.61

6.71

12.00

Daphne

10.30

55.06

5.82

15.00

Pound Sterling

10.61

54.73

7.05

18.00

Soleil

10.88

52.50

5.85

16.00

Jaffana

10.29

52.98

5.59

14.00

Aalsmeera

10.72

59.19

5.59

10.00

RCGH-117

11.00

49.19

4.43

12.00

Ice Queen

10.21

54.43

6.11

10.00

.
Table 4. Effect of holding solution on vase life
of gerbera cv. Black Heart
Treatments

produced in ‘Wall Street’ under type I growing
structure. However, maximum stalk diameter (7.05
mm) was measured in the ‘Pound Sterling’ (Table
3).
Effect of chemicals on vase life of gerbera
Maximum vase life (7.80 day) and total water
uptake (14.86 ml) was measured with sucrose (2%)
+ Al2SO4 (300ppm) when used as holding solution
in ‘Black Heart ’(Table 4)
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Vase
life
(days)

Total
Phytotoxic
water
symptom,
absorbed if any
/stem

NaOCl, 50ppm

4.18

9.90

Sodium benzoate, 150ppm
Al2(SO4)3.16.H2O, 300ppm
Tartaric acid, 300ppm
Sucrose 2%+ NaOCl, 50ppm

6.48
6.00
5.58
6.60

10.50
12.42
11.70
9.36

Sucrose 2% +
Sodium benzoate, 150ppm
Sucrose 2% + Al2(SO4)3.
16.H2O, 300ppm
Sucrose 2%+ Tartaric acid,
300ppm
Control (water)
CD (P=0.05)

7.00

13.90

Brown spots
on stalk &
on the ray
florets on 3rd
day in vase
as in NaOCl,
50ppm
-

7.80

14.86

-

5.26

10.26

-

4.00
0.09

8.00
1.08

-
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SHELF LIFE AND MATURITY INDICES OF
FRUITS
Standardization of maturity indices of Colocasia
and Soh-shang
Fourteen cultivars of Colocasia were grown and
different physico-chemical parameters were studied
to determine the maturity indices. There had been
an increasing trend in cormel weight till harvest
irrespective of cultivars. Oxalic acid increased
linearly up to six months irrespective of cultivars
and thereafter it decreased.
Physico-chemical changes of Soh-shang
(Elaegnus latifolia L.) Fruits at different stages of
maturity were analysed to determine the harvest
maturity. 75-80 days after fruit setting when the
fruits develop deep orange colour is the right stage
for harvesting of soh-shang as the fruits attain
optimum fruit weight (11.55-61 g) and TSS (>11.0
0
Brix)

Fig 1. Sohiong jam

Shelf life extension of peach fruit (cv. TA-170)
Freshly harvested peach fruits were packed in
perforated polypropylene (200 gauge) bags with
(0.001%- 0.005% vent) and without perforation.
Different concentrations of KMnO4 (1000-2500
ppm) as an ethylene absorbent were used to see
their effect on shelf life extension. Treated fruits
were kept at room temperature (20±5°C & 65%
RH) and cold storage (07±2°C & 85% RH). Fruits
were evaluated at 7 days interval for various quality
parameters viz. decay percentage, TSS (%),
changes in colour and texture. The shelf life of the
fruit was 7 days with minimum decay loss (6.25%)
packed in PP (200 gauge) treated with 1500 ppm
KMnO 4 and 0.003% perforation at room
temperature. However, the shelf life was 49 days
with minimum decay loss (12.5%) in PP (200
gauge) treated with 1500 ppm KMnO4 and 0.005%
in cold storage temperature

Value addition to different under utilized
horticultural crops
Matured chow-chow fruits were collected from
the farm and market for developing tooty-fruity.
Different experiments were conducted to optimize
the product. Process parameters considered for
these experiments were slice thickness and
blanching duration. Total protocols have been
developed.Value added products viz. RTS, Nectar
and jam were prepared from freshly harvested ripen
Sohiong and passion fruits. Various pulp
percentage and syrup strength was considered for
developing optimum products. Total protocols have
been developed (Table 1, Figs 1 & 2).

Evaluation of storability of minimal processed
capsicum
Capsicum (cv. California Wonder) fruits pieces
were initially tested for inactivation of both
catalases and peroxidases enzyme by hot water
blanching with different time and temperature
combinations. Among all the treatments, fruits
treated with 90°C at water bath for two minutes
duration inactivated both the enzymes.
Four pieces/capsicum were made and blanched
for 2 minutes in hot water at 90°C and, then
immediately kept in ice water for few minutes to
bring down the temperature to normal room
temperature. The capsicum fruit pieces after
centrifuging in basket centrifuge were packed in
polypropylene (200 gauge) bags perforated
(0.002%, 0.002% and 0.006%vent) and nonperforated and stored at RT (20±5°C & 70% RH)

Table 1. Sensory evaluation of passion fruit and
Sohiong jam
Juice/ pulp (%)

Sensory score
Passion fruit jam

Sohiong jam

50

6.7

5.4

60

6.7

6.3

70

7.4

4.4

80

8.1

4.4

90

5.5

8.2

100

5.0

7.4

Fig 2. Sohiong
RTS beverage
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ambient condition (25 0C and 80% RH) for
evaluation. Firmness (kg), colour (L value), CO2
concentration (%), decay loss (%), PLW (%), TSS
(%) and acidity (%) at three days interval up to a
total period of 15 days were determined.
Pear fruits packed in PP irrespective of
perforation had the higher shelf life (15 days)
compared to other packaging materials. PP without
perforation recorded minimum PLW (8.04%),
maximum firmness (5.18 kg) and maximum L value
(43.56) during storage at ambient condition.
However, maximum decay loss (59.5%), maximum
PLW (44.51%), minimum L value (32.71) and
minimum firmness (1.96kg) was recorded in
control fruits on 12th day of storage at ambient
condition. Thus, the shelf life of pear fruits may
be extended up to 15 days at room temperature with
minimum decay loss and maximum firmness by
using perforated/non-perforated PP.

and cold storage (05±2°C & 85% RH) for total
period of ten days. Changes in chlorophyll content,
texture and ascorbic acid (Tables 3-5) were
evaluated at two days interval to determine the shelf
life of the capsicum pieces under different storage
condition.
Optimization of slice thickness and blanching
time for production of ginger candy
An attempt was made to increase the shelf life
of ginger by preparing ginger candy (Table 2).
Central composite RSM design with two-process
parameter viz. slice thickness (5.0-25.0mm) and
blanching time (10.0-30.0 minutes) was applied
during experimentation. Treatment combinations
with their responses obtained during ginger candy
preparation are shown in Table 6. The final product
was evaluated in terms of hardness (H, kg), Total
Soluble solids (TSS %), Acidity (%) and overall
acceptability (OAA, score). The optimum product
qualities in terms of hardness (2.08 kg), Acidity
(1.31%) and OAA (8.07) were obtained at slice
thickness (10.85 mm) and blanching time 24.93
minutes.

MUSHROOMS
Strain evaluation of oyster mushrooms
Five strains of Pleurotus sajorcaju code PSC
01,02,03,04 and 05 were grown on paddy straw
substrate. The spawning was done on 22/8/08 and
spawn run was completed in 12-16 days. Days to
first harvest ranged 17-24. The temperature ranged
15-26 ÚC during cropping period. The highest fresh
mushroom yield i.e.91 kg/100kg was recorded in
PSC 05 and lowest 60kg in PSC01. The strain code

Extension of shelf life of pear fruits using
different packaging materials
Pear fruits (cv. Lagoon) harvested at optimum
maturity were packed in four different packaging
materials (LDPE: 100 gauge; LLDPE: 25 gauge;
PP: 50 gauge; and HDPE: 100 gauge) with 0.01%
perforation and without perforation and kept at

Table 2.Treatment combinations with their responses obtained during ginger candy preparation
Slice
thickness (mm)
15.00
20.00
15.00
15.00
7.93
22.07
10.00
15.00
15.00
10.00
15.00
20.00
15.00

Blanching
time (min)

Texture
(kg)

TSS
(%)

20.00
15.00
20.00
20.00
20.00
20.00
15.00
20.00
27.07
25.00
20.00
25.00
12.93

5.22
12.06
4.97
3.86
2.42
14.22
5.44
4.26
2.24
3.55
4.99
9.32
8.34

69.4
69.4
69.8
68.9
73.4
66.6
71.2
69.4
72.5
73.2
70.2
67.5
70.4

Acidity
(%)
0.99
0.77
0.98
1.02
1.43
0.68
1.24
0.86
1.25
1.31
0.95
1.04
0.93
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TSS:Acid

Sensory
score

70.10
90.13
71.22
67.55
51.33
97.94
57.42
80.70
58.00
55.88
73.89
64.90
75.70

7.8
6.8
7.8
7.4
7.2
6.3
7.2
7.8
7.6
8.1
7.9
6.9
6.7

Overall
acceptability score
7.7
6.7
7.7
7.5
7.3
6.2
7.1
7.8
7.5
8.2
7.8
6.5
6.3
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Mixed forestry block (FSW-2)
Mixed forest block was on 1.89 ha area and 1.05
ha area under forest with 0.84 ha area under planned
land use. The average slope of the micro-watershed
is 38 %. The area under micro watershed was
utilized for plantation of forest trees species viz.
Acacia auriculiformis, Michelia oblonga and
Symingtonia populnea for timber and fuel purpose.
The interspaces of plantation were utilized for
plantation of large cardamom to provide extra
income. Total 112 nos. of Acacia auriculiformis,
123 nos. of Michelia oblonga, 30 nos. of
Symingtonia populnea survived in the system

02, 03, and 04 recorded 69.9, 72.2 and 82.9 kg/
100kg respectively. However, there was no
significant difference in the yields of test strains.
Five P. florida strains i.e. PF 01, 02, 03, 04 and
05 were evaluated during Dec.-Feb.09. The spawn
run period ranged 21.6-23.8 days. The minimum
temperature ranged 4-14ÚC and the maximum 1626ÚC and average11.5-19.5ÚC during cropping.
Yield ranged from 35.4 (PF 05)-59.2 kg/100kg (PF
03). PF 02, 03 and 04 recorded 39.8, 55.5 and 51.2
kg/100kg respectively without any significant
difference among the strains.

Silvi-pastoral system (FSW-3)
Silvi-pastoral system was on 2.94 ha area with
planned land use of 0.90 ha. The average slope of
the area is 33.18 %. The upper 50 % area of the
watershed was utilized for broom grass to fulfill
the requirement of fodder during lean period, fuel
wood in the form of sticks and spike as a cash
income, besides conserving soil and water. The
lower half portion has been planted with fodder
trees such as Symingtonia populnea, Bauhinia
variegata and Ficus spp. In between the interspaces of fodder trees, mixed perennial grasses had
been planted to conserve the soil and water by
covering the surface and to provide fodder for goats
maintained in the system. Eighteen goats (4 adult
male, 3 adult female, 5 male and 6 female kids)
were maintained in this system. Average growth in
body weight of adult goat was 2.50 kg in 6 months
period, while in kids 3 kg body weight was
increased during the same period. The goats were
allowed to graze for 3 hour/ day and green fodder
@ 3 kg/adult along with 250 g of concentrate per
adult were given. Grazing resulted in greater body
weight, better health and lower mortality of kids.
The goats consumed a total of 12.84 t guinea grass,
1.80 t broom grass and 0.32 t Exbucklandia leaves
as green fodder and 0.64 t of concentrate. The
average green leave productivity of Symingtonia
and Bauhinia were 1.20 t/ha and 8.7 t/ha,
respectively. After continuous cutting and feeding
in the system at the age of 10 month, the goat were
slaughtered which showed a body weight of 12 kg
/ goat with dressing percentage of 44-48 % of live
weight.

FARMING SYSTEMS RESEARCH
Dairy based farming system (FSW-1)
Area under terrace (0.225 ha) was used for
production of annual fodder crops and raisers
(0.47ha), terraces (0.095 ha) bunds (0.014) and
rocky land (0.14 ha) are utilized for production
perennial fodder. The milch cows and their calves
were maintained on the green biomass (6.74 t/ha)
produced from the watershed with additional
supplementation of concentrate feed (6.24 t) and
paddy straw from outside sources. The broom
grown on the watershed provided broomsticks
(65kg) and green fodder during lean period. The
bottom terraces were utilized for the production of
annual fodders such as maize in kharif season while
oat was grown in the rabi season. The riser area
was planted with perennial fodder such as guinea
grass, to conserve the soil and provide fodder. Three
milch cows and three others (calves and dry cows)
were maintained in the system on the fodder
produced from the area. Cowdung and urine along
with the composted litter was utilized in terraces
for production of annual fodder. One pond
(capacity 40,0000 l) was dug and layered with
silpauline in the watershed area to store rain water
and use during winter season. The total fodder
produced from the area was 67.5 t. The concentrate
feed consumption during the year was 6.2 t. The
milk production was 6376 l. Considering the family
labour as system of employment for dairy based
farming, it registered an input : output ratio of 1:
1.75.
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Agro-pastoral system (FSW-4)
Agro-pastoral system was on 0.64 ha area
having an average slope of 32% with forest 0.06
ha and planned land use area of 0.58 ha to meet
the food requirment of a nucleus family (2 adult
+3 children). Terracing enhanced surface area by
28.2%, resulting in 0.49 ha area of terraced land
and 0.33 ha terrace risers, respectively. The terrace
area was utilized for growing cereals, oilseeds,
turmeric and vegetables. Under semi-organic
farming to study the production behaviour of
various field crops. After harvest of kharif season
crops, toria, radish and frenchbeen were sown to
increase the production and cropping intensity of
the micro watershed. The animal component
contributed 75% of total farm income. Preparaton
of compost from dairy excreta and farm residues
reduced the dependence on external inputs e.g.
FYM, fertilizer up to 45%. Introduction of prerabi/ rabi field crops and vegetables, land
utilization efficiency and sustainability index
improved markedly. Growing of guinea in the lower
and middle terraces and broom grass on upper
terraces provided green fodder round the year.

populnea as fodder trees for getting fodder during
the lean period. Under pastoral component, broom
grass in between the interspaces of the plantation
to conserve soil and water and to get fodder, fuel
wood and broom spikes. Radish produce from the
system was utilized for pig production. The energy
flow pattern of the system was analysed. The BC
ratio was 4.25 and 5.10 for kharif and rabi season,
respectively. Among crops grown in the system,
highest out put: input ratio was found to be 4.75
for ginger crop. The silvi- pastorel component
registered high energy yield of 54670 MJ.

Silvi-horticulture (FSW-6)
The silvi –horticulture block was on 1.30 ha
with planned land use of 0.96 ha. The average slope
of the area is 53.18%. Terraces area of 3011 m2
was utilized for production of turmeric in kharif
season. Alder plants are growing in upper 50%
portion of micro-watershed. The middle was under
horticulture crops to which pineapple were planted,
while lower portion of the watershed was used for
cash crops viz, ginger, turmeric and vegetables. In
ginger variety, Nadia, stem borer (P. haematicus)
infestation was found upto 8.33%, while the
turmeric was free from insect- pests attack.

Agri-horti-silvi-pastoral system (FSW-5)
Agri-horti-silvi-pastoral system was on 1.58 ha
and forest area of 0.55 ha with planned land use
area of 1.03 ha. The average slope of the microwatershed is 41.77%. The system had 0.2 ha in foot
hills for agricultural use, horticulture (0.29 ha) and
silvi pastoral crops (0.44 ha land). In the lower
terraces crops like, bitter gourd + ash gourd as inter
crop, cucumber, chilli, radish, ginger, turmeric were
raised during the kharif season and radish and
cabbage and potato during the rabi season.
It was observed that vegetable based cropping
sequence were highly remunerative and productive
as compared field crop based cropping sequences.
The middle portion of system was utilized for
plantation of viz, Assam lemon, orange and guava.
In between the interspaces, congosignal grass was
planted to arrest soil erosion and to provide fodder.
Pineapple has been planted in double row system
to conserve the soil and water and to get extra cash
income. There are Alder and Makri sal for timber
and fuel wood while Ficus spp. and Symingtonia

Natural forest block (FSW-7)
Natural forest block was planned on 1.03 ha
with 0.08 ha under forest and 0.95 ha area under
planned land use. The average slope of the micro
watershed is 45.87 %. Total 278 nos. Pinus cassia
and 152 nos. of Schima wallichi plants have
naturally regenerated and are protected in the
system. The watershed area was dominated by
common weed flora viz Eupatorium adenophorum,
Arundinella bengallensis, Solanum khasianum and
Ageratum spp.

Timber based farming system (FSW-8)
It was on 0.67 ha with 0.17 ha under forest and
0.67 ha under planned land use. The average slope
of the micro watershed was 41.35%. The entire
micro watershed area was utilized for plantation
of Michelia oblonga and Michelia champaka.
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residual effect of agricultural lime was more
pronounced on soil pH and maize productivity as
compared to PMS. The agricultural lime produced
significantly higher yield than the PMS (Fig. 3a).
The application of 10t PMS/ ha + AL (10% of LR)
gave optimum productivity of maize. The soil pH
increased from 4.8 to 5.9 with application of lime
rate equivalent to 40% of LR (Fig. 3b).

SOIL SCIENCE
Residual effect of acid soil amendments on
maize productivity
The various rate of lime (0, 10, 20, 30, 40, 50
and 100% of lime requirement, LR) were
broadcasted on an acid soil in 2007 from the two
sources of lime (agricultural lime and paper mill
lime mud) and maize was taken as direct crop. In
the year of 2008, the effect of the preceding lime
application (residual effect) was seen on maize. The
residual effect of lime was very encouraging and
maize grain yield increased linearly with lime rate
irrespective of sources (Fig. 1). The maize yield
was more with paper mill lime mud application as
compared to agricultural lime. The application of
lime @ 30- 40% of LR gave the optimum yield.
The soil pH increased with the increase in rate of
lime application and exchangeable aluminium
tended to decrease (Fig. 2a & b). Among the
available micronutrients, Fe content decreased with
increasing lime rates where as Zn, Cu, and Mn
showed a reverse trend. Available N, P, K, and
exchangeable Ca+Mg also increased with lime
application over control.

a. Soil pH

b. Yield (q/ha)

Figs. 3a &b. Response of agricultural lime (AL)
and paper mill sludge (PMS) on soil pH and maize
yield

Effect fertilizer, organic manure and lime on
productivity of soybean and groundnut
This experiment was started with the objective
to study the relative effect of application of
fertilizer, lime, and FYM on soybean and groundnut
production on an acid soil and their combinations.
There were six treatment combinations and their
effect on the productivity of crops is given in Figs.
4a &b. It can be seen from the figures, that the
application of recommended dose of fertilizers
alone increased the yield of soybean from 5.2 to
14.3 q/ha over the control whereas it was from 15.2
to 25.7 q pod yield/ha in case of ground nut. The
application of 5 t FYM/ha and lime (40% LR) alone
gave almost 86 and 75% yield of the fertilizer

Fig. 1. Residual response of lime sources on maize

Figs.2a & b. Effect of liming on soil pH and
exchangeable AL

Paper mill sludge and agricultural lime
Residual effects of paper mill sludge (PMS) and
agricultural lime (AL) was studied on maize
productivity, which were applied in 2007. The
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application of soybean and groundnut, whereas the
combined application of both gave 88 and 110%,
respectively. The application of lime and lime +
FYM with recommended dose of fertilizers resulted
even an increase in yield in the tune of 125-136%
of soybean and 110-120% of groundnut compared
to fertilizer application alone. This experiment
clearly indicated that the productivity of both the
crops can be maximized with application of
recommended dose of fertilizers and lime (40%
LR) along with 5 t FYM/ha on acid soils.

dose of P and 1/3 of N and K was applied at the
time of transplanting and the remaining N and K
was applied in two split doses at active tillering
and panicle initiation stages of rice growth. The
results obtained in the second year indicated that
yield of paddy yield increased with increasing
fertilizers doses. Application of FYM, crop residues
and bio-fertilizers also favoured the productivity
of rice and increased with increasing doses of
fertilizers. Application of 100% NPK along with
the application of crop residues (10 t/ha) + FYM
(5 t/ha) gave the maximum paddy grain yield of
47.2 q/ha and application of 50% recommended
dose of fertilizers and crop residues and FYM gave
almost equal yield equivalent to 100%
recommended dose of fertilizer application. In this
way we can save the 50% recommended dose of
fertilizers following the nutrient supply from the
crop residues and FYM available on-farm.

a. Soybean-yield (q/ha)

b. Groundnut yield (q/ha)

WATER MANAGEMENT
Assessment of water quality and pesticide
residue
Water samples were collected from various
sources like spring, stream, river, pond, waterharvesting structures from different parts of
Meghalaya to determine chemical parameters,
pesticide residue and microbial load. Water quality
data indicated that pH of water varied from 6.21 to
7.51. Concentration of nitrate, phosphate varied
from 1.2 to 8.5 and 0.03 to 0.89 mg/l respectively.
Many of water samples analyzed are having a high
content of iron contamination (up to 4117 µg/l).
Total 43 water samples were analyzed for pesticides
residues, of which 21 from Meghalaya, 18 from
Imphal and 3 from Tripura. It was found that two
samples of Meghalaya (Umsning canal water and
Umshyrpi river) and 5 samples of Imphal (Iril river,
Imphal river, Thoubal river, Loktak lift irrigation
and village pond, Bisnupur) have the level greater
than 1.0 mg /l. (Permissible limit of pesticides for
drinking water as per European standard is 1.0 mg
/l). Among all the pesticides, monocrotophos was
most prevalent and detected in 7 samples followed
by endosulphon – alfa (5) and endosulphon – beta

Figs. 4a & b. Response of fertilizer, agricultural
lime (AL) and organic manure (OM) on soybean
and groundnut yield

Effect of integrated nutrient management on
lowland rice productivity
Field experiment was started during
kharif, 2007 (variety Shah Sarang) to study the
effect of integrated nutrient management practices
on rice yield and on soil properties and continued
to 2008. The experiment consisted of 4 levels of
NPK (0, 25%, 50%, 75%, and 100% of
recommended 80:60:40 kg/ha NPK) and 04 levels
of management practices namely; control, crop
residue, crop residue + FYM, and crop residue +
FYM + bio-fertilizers in 16 treatment combinations
in split plot design with three replications. The full
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stages had adverse effect on crop physiology and
ultimately resulted lowest yield (mean 1.40 t/ha).
Interactive effect of phosphorous and moisture
availability under different land treatments revealed
that under both raised bed and flat bed (control)
groundnut responded up to 100% P depicting the
fact that there is no need to give additional dose of
phosphorous for getting the maximum yield. Thus
it appears that raised bed in Alfisol maintained
optimum soil moisture, which could make
favourable environment to respond the crop to
phosphorus.

(4) residues. Some water source from Meghalaya
were analysed for the Coliform and Salmonella and
most probable number (MPN). Water from
Umshyrpi river, Shillong and Kynshi river,
Nongstoin were found unsafe for use as water of
these two sources have high MPN index (1100 and
460, respectively). None of the Tripura water
samples are contaminated with pesticide residues.
Soil moisture regimes and phosphorus
interaction in groundnut
The field study conducted with three moisture
regimes as main plots (Beds with 30 cm bunds
around the plots, Flat beds without bunds and 15
cm raised beds without bund) and four phosphorous
doses as sub-plot (0, 50, 100 and 150 % of the
recommended P dose) (Fig 1). The soil water
retention- transmission characteristics data
revealed that the lowest soil moisture was in flat
bed with side bund as compared to raised bed and
flat bed at harvest. It was observed that raised bed
plots had average moisture content (%) of 33.2 (w/
w) at 0 –15 cm and 30.4 at 15-30 cm depth, while
in bunded plots it was 38.6 at 0-15 cm and 36.1 at
15-30 cm soil depth. Available water content in
different treatments varied marginally from 0.200
to 0.205 cm3cm-3. There was a significant variation
in profile soil moisture among moisture regimes,
highest being in raised bed (20.44 cm/60 cm soil
profile) and lowest in flat bed with side bunds
(17.65 cm). The raised bed showed significant
effect on crop yield as compared to other moisture
regime practices. In general, pod yield of groundnut
under raised bed was 31 and 54 % higher than yield
obtained under flat bed and flat bed with 30 cm
side bunds, respectively. Flat beds with 30 cm side
bunds, which stagnate the water during crop growth

Fig.1a. Crop performance under
flat bed with side

Effect of raised-sunken bed systems on water
use efficiency of common vegetables
A study was conducted to evaluate the
performance of different crops in standard raised:
sunken bed system in dry season and to estimate
water use efficiency (WUE) using suitable
management practices under limited water
availability. Three water management practices
(adequate water supply, limited water supply and
no water) in combination with two mulch
treatments (straw mulch @10t/ha and no mulch)
were tested. The moisture extraction was maximum
(32.2 to 41.3 % in case of potato and 35.3 to 44.5
% in case of tomato) from 0-15 cm soil depth
irrespective of crop combinations, irrigation
schedule and mulch treatments and it also
decreased with soil depth. Most of the soil water
(65-75%) was extracted by the crop from the top
30 cm soil depth (Fig. 2). Irrigation levels had
considerable effects on the moisture extraction
pattern, as the moisture extraction (%) from the
top 30 cm soil increased with the irrigation level.
Increased water uptake by the crop from surface
layers due to availability of surface irrigation water

Fig.1b. Crop performance under
flat bed
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No irrigation

Limited irrigation

Adequate irrigation

Fig 2. Soil moisture extaction (%) pattern by potato under various treatments

may be the possible reason for such increase in
moisture extraction pattern. On the other hand, in
case of no irrigation moisture extraction was more
from deeper layers (30-60 cm). Moisture stress in
surface layer allowed crop root to go deeper in
search of water, which might have promoted
relatively more utilization of water from deeper
layers. Both irrigation and mulch treatment
influenced crop growth (Table 1). On an average,
an increase in fruit yield owing to limited irrigation
and adequate irrigation over no irrigation was 41
and 105 %, respectively under mulched plots. Plant
growth in terms of above ground biomass and root
biomass under adequate water supply was much
higher than that under limited water supply and
mulched condition. Similar trend was observed in
case of pea yield under raised beds. On an average,
there was 14 to 30 % yield increase under straw
mulched plots as compared to that in plots without
mulch. The substantial increase in crop yield under
mulch treatments in association with limited or
adequate irrigation might be due to favourable soil
hydrological environment, thus enabling better
condition for crop physiological functions.
Results also indicated (Table 1) that irrigation
could be saved without significant reduction in crop
yield by applying straw mulch in the plots. Overall,
the combined application of irrigation with straw

mulch enhanced the inherent water uptake capacity
of the soil and improved the physical and biological
properties of soil, which, in turn, improved the crop
yield.
In-situ residue management for carry over soil
moisture conservation in upland
A simple technology of in-situ residue
management has been developed with the objective
of taking mustard crop on residual moisture during
rabi season. Treatments consisted of six
combinations of residue management in main plot,
viz. M0– control, M1 – Maize stalk cover (MSC),
M2 – MSC + Ambrosia sp. 5t/ha, M3 – MSC +
Ambrosia sp. 10t/ha, M4 – MSC + poultry manure
5t/ha + Ambrossia sp. 5t/ha and M5 – MSC + FYM
10t/ha and two tillage (conservation tillage and
conventional tillage) as sub plot was tested in a
split plot design. Mustard leaves under MSC +
Ambrosia 5 t/ha cover, MSC + Ambrosia 10 t/ha
cover and MSC + poultry manure 5t/ha +
Ambrossia 5 t/ha cover maintained higher relative
water content (RWC). This might be attributed to
increased water absorption at critical stages due to
greater root-soil contact. Results showed that
conventional tilled plots had higher water
saturation deficit (WSD) values than that under
conservation tillage (Fig 3). It also decreased

Table 1. Yield (t/ha) of different crops under various irrigation management practices
Crops

Treatments
No irrigation

Tomato
Potato
Pea

C.D (P = 0.05)

Limited irrigation

Adequate irrigation

Mulch

No mulch

Mulch

No mulch

Mulch

No mulch

2.49
6.27
8.33

1.89
5.00
5.00

4.04
7.33
2.17

2.69
6.84
1.33

6.61
12.73
2.77

5.73
11.47
2.20
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significantly (43.7 to 63.8%) with application of
organic residue. Seasonal net changes in total water
content of the soil profile (0-90cm) depicted that
the total stored water of the profile in all the
treatments depleted continuously with the
advancement of crop growth periods due to
extraction of water from the profile by the crops.
However, throughout the growth period of mustard,
water storage (cm/90cm) of the profile was the
highest in MSC + poultry manure 5t/ha + Ambrosia
sp. 5t/ha. In general, all the residue management
practices recorded good seed yield of mustard,
which was many fold higher than control (Fig 4).

yield was higher under conservation tillage (Table
2). The seed yield and evapo-transpiration showed
a positive and significant (R2 = 0.48 and 0.35 under
conservation and conventional tillage, respectively)
linear relationship with a slope of 1.8 and 2.4 kg
seed yield/mm seasonal evapo-transpiration under
conservation and conventional tillage, respectively
(Fig. 4).

Fig. 4. Relationship between seed yield and evapotranspiration of mustard during study period

Water-use efficiency (WUE) of mustard was
influenced by the tillage and residue management.
Among the various residue management
treatments, the highest WUE (14.59 kg/ha-mm)
was observed under MSC + poultry manure +
Ambrossia sp. 5t/ha followed by (11.86 kg/ha-mm),
(11.18 kg/ha-mm), and (9.46 kg/ha-mm),
irrespective of tillage practices.
Table 2. Seed yield of mustard as affected by
various residue management and
tillage treatments
Treatments

Fig. 3. Relative water content (RWC) and water
saturation deficit (WSD) in various residue
management treatments

Tillage
Seed yield (t/ha)

The lowest yield was obtained in control
treatment, where only negligible yield was
recorded. The treatment MSC + poultry manure
5t/ha + Ambrosia sp. 5t/ha recorded highest seed
yield of musatard. The combined use of MSC along
with Ambrosia spp., a obnoxious weed enhanced
the inherent moisture retention capacity as well as
nutrient supplying capacity of the soil, which, in
turn improved seed yield under residue
management treatments. In general, mustard seed
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Conservation

Conventional

Mean

M0

0.18

0.20

0.19

M1

0.40

0.29

0.35

M2

0.48

0.64

0.52

M3

1.05

0.68

0.96

M4

0.62

0.56

0.63

M5

1.02

0.89

0.96

CD
(P = 0.05)

T=
211.5

M=
20.1

T x M=
204.1
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Fig 5a. Mustard crop under no stalk cover

Fig 5b. Mustard crop under Ambrossia + maize
stalk cover

Selection and evaluation of water-efficient
cropping systems
An experiment was conducted with two main
plot tillage treatments (Conventional tillage without
crop residue and Conservation tillage with residue
incorporation) with eight cropping systems as sub
plots. There were 4 kharif crops (ricebean, maize,
upland rice and soybean) and 2 rabi crops (mustard
and pea). The periodical soil profile moisture status
(0-90 cm) under various cropping sequence were
depicted in Fig. 6. It showed that the profile
moisture content decreased with cropping season
with little fluctuation in some cropping sequence
because of intermittent precipitation during crop
growing season. During sowing of the kharif crop,
soil profile moisture content varied between 33 and
33.8 % (w/w) 34.2 to 36 % (w/w) in conventional
and conservation tillage, respectively. It is
noticeable that conservation tillage had higher (1422 %) soil moisture than under conventional tillage
irrespective of cropping system having bearing on

soil moisture recharge and uptake. Among all the
systems, maize-mustard was found to be most
suitable cropping system for soil moisture recharge,
as profile soil moisture never decrease below 50%
of the initial value.
The crop yield and yield attributes of all crops
under conservation tillage was significantly higher
than that under conventional tillage irrespective of
crop combination (Fig. 7). This might be ascribed
to the effect of incorporation of crop biomass under
conservation tillage which enhanced the water
retention capacity of soil during crop growing
season. The performance of rabi crops i.e. mustard
and pea yield showed just the similar trend.
Soil moisture conservation through broadleaved vegetables and maize intercropping in
terrace
The experiment was initiated with 3 broad
leaved vegetables (pumpkin, cucumber, ashgourd).
The vegetables were intercropped with maize in

Fig 6. Seasonal soil profile moisture status in various cropping systems under conservation and
conventional tillage
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Fig 7a. Ricebean under conservation tillage

Fig 7b. Ricebean under conventional tillage

Fig.7c. Upland rice under conservation tillage

Fig.7d. Upland rice under conventional tillage

terrace. A distance of 2 meter was kept both row to
row and plant to plant for pumpkin and ashgourd,
while 1.5 meter for cucumber. The highest biomass
of maize was recorded at 30 – 60 days after sowing
(DAS) when it was grown with ash gourd (Table
3). However, at harvest the highest biomass was
recorder under cucumber
Table 3. Biomass of maize under different broad
leafy vegetables
Crops

Dry weight/
plant (g)

Root dry
weight/
plant (g)

Pumpkin

143.47

28.75

Cucumber

167.73

35.51

Ash gourd

144.73

29.24

95.30

21.04

Control

Fig. 8. Broad leaved vegetables and maize
intercropping in terrace indicated that pumpkin
completely covered the ground surface

NABARD project on popularizing jalkund
technology in farmer’s field
The Project work was carried out in four states
- Nagaland, Tripura, Manipur and Meghalaya to
popularize innovative low-cost rain water
harvesting structure Jalkund among the farming
community. Construction of 40 Jalkunds, 10 in

This Participatory Research Work was
recognized by Ministry of Water Resources in the
form of Ground Water Augmentation and
National Water Award, 2008.
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Fig. 9a. Jalkund at farmers field, Ri-Bhoi District,
Meghalaya

Fig. 9b. Jalkund at farmers field, East Khasi Hills
District, Meghalaya

Fig. 9c. Jalkund at farmers field, Janintia Hills
District, Meghalaya

Fig. 9d. Jalkund at farmers field, West Khasi Hills
District, Meghalaya

Fig. 9e Jalkund filled with water

Fig. 9f Strawberry cultivation with jalkund water
in farmers’ field

each state was made (Fig.10). So far the progress
has been good and the farmers are happy about the
technology.

Demonstration and training of Jalkund
In order to create a far-reaching impact of the
Jalkund technology among the farming community,

54

ANNUAL REPORT 2008-09

Fig.10a. Jalkund at farmers field, Wokha,
Nagaland

Fig.10b. Jalkund at farmers field, Tura,
Meghalaya

Fig. 10c. Jalkund at farmers field,
B. Manu, Tripura

Fig. 10d. Jalkund at farmers field,
Churachandpur, Manipur

regular training programmes and on-farm
demonstrations were conducted. These training
programmes and demonstrations helped in
improving the knowledge base, technical skills and
level of confidence of the farmers for undertaking
the various integrated farming activities and
maintenance of Jalkund in a sustainable manner.

control. Farmers used stored water of jalkund in
various crops like cauliflower, strawberry, carrot,
tomato etc and also pig.
Scaling up of water productivity in agriculture
for livlihood (SWPAL) through teaching cum
demonstration
Under this programme, it is intended to impart
training, upscale knowledge and upgrade skills of
the farmers and trainers from the entire NEH
Region. In the year 2008-09 as many as 18 farmers’
trainings and 4 trainers training have been
conducted on various aspects of water management
covering main issues as mentioned below:
• Orientation about watershed institutions and
participatory resource development, orientation
of community about participatory approach and
community development.

Farmers participatory action research
programme
The project was implemented in the four
districts of Meghalaya viz., East Khasi Hills, West
Khasi Hills, Jaintia Hills and Ri-Bhoi District (Fig
9a-f). On an average, in-situ moisture conservation
plots covered with maize stalk maintained 17.3 %
higher soil moisture which supports good growth
of laipata in the farmers’ field as compared to
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• Soil and water management for increasing
agricultural productivity, use of native resources
for crop production, water management in rice,
watershed approach for sustainable
developments, multiple use of water, water
resource potential and the diversified use of
conserved and collected water etc.
• Livelihood based integrated farming system
development in different water management
regimes, poultry production for livelihood
Improvement through efficient water use, water
requirement fin dairy farming system and clean
milk production etc.
These 18 farmers training programmes have
been conducted at various villages of Ri-Bhoi
districts, East Khasi, West Khasi (Nongstoin) and
Jaintia distgrict of Meghalaya and in Tripura
(Dharmanagar), Nagaland (Dimapur), Manipur and
Sikkim (Fig 11).A total of 805 farmers have been
trained for up gradation of theirknow how, skills

Fig. 11b. Farmers’ training on “Watershed
Approach for Sustainable Development” at S&WC
Division: Nongstoin, Meghalaya from 3rd to 9th
Nov. 2008

including exposure to new technologies towards
up scaling their livelihood. Four trainers, trainings
have also been conducted one each at the ICAR
Research Complex for NEH Region, Umiam and
in the centres at Nagland, Skkim and Manipur
during the reporting year (Fig.12).

AGROFORESTRY
Studies on self-sustainable Intensive Integrated
Farming System (IIFS)

Fig.11a. Farmers’ training on “Livelihood based
Integrated Farming System Development in
Different Water Management Regimes” at
Kadamtala, North Tripura from 31st July to 6th
August 2008

Cropping and land use systems
Various cropping and land use systems were
evaluated for higher productivity and maintaining
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Fig.12a

Fig.12b

Figs.12a&b. Trainers’ training on “Participatory Water Resource Planning and Management” at ICAR
Research Complex for NEH Region, Umiam, Meghalaya from 9th to 22nd February 2009 and “Livelihood
Improvement through integrated watershed management” at KVK, ICAR Research Complex for NEH
Region, Nagaland Centre, Medziphema, Nagaland from 2nd – 15th March 2009

soil fertility under IIFS. Maize based cropping
system was found to be the best from the edaphic
suitability, productivity (3.0 t/ha) and utility point
of view (Table 1). Cereal- legume cropping systems
(viz., maize-ricebean and maize–mungbean and
maize-mustard) are being tried successfully
considering crop productivity as well as soil
fertility. Five species of hedge plants viz.,
Crotolaria tetragona, Flemingia macrophylla,
Indigofera tinctoria, Cajanus cajan and Tephrosia
candida were maintained on the risers of the
terraces developed in the sloppy land of the IIFS
for soil and water conservation purposes and
nutrient recycling point of view.

Table 1. Crops grown and their productivity in
the IIFS
Crops grown

Productivity
(t/ha)

Summer (March-April)
Ginger
Turmeric
Pre-Kharif (May-Mid June)
Sole maize as food (Feed)
Mung
Upland paddy (Bhalum-I)
Upland paddy (Bhalum-II)
Brinjal
French bean (Green pod)
French bean (Seed)
Kharif (June- September)
Groundnut
Rice bean
Soybean
Lowland paddy
Buckwheat
Pigeon pea
Rabi (October- December)
Mustard
Potato
Cauliflower
Broccoli
Tomato
Pahlu Dal

Performance of fodder oat in IIFS
An experiment was conducted to evaluate the
performance of oat for fodder production in the
IIF System. Nine treatments comprised of
application of FYM @15t/ha, FYM @7.5t/ha
+50% recommended dose of fertilizer (RDF),
vermicompost 10 t/ha, Vermicompost @ 5t/ha +
50% RDF, poultry manure @ 10t/ha, Poultry
manure @ 5t/ha +50 % RDF, were evaluated
against control, 100% RDF through inorganic
fertilizer and 50 % RDF. Among all the treatments
maximum plant height (71.30 cm), number of tillers
per square meter (367) and green fodder yield
32.15 t/ha was recorded under 100% NPK followed
by the treatment with application of FYM @ 7.5t/
ha + 50% RDF with plant height (71.00 cm),

27.67
21.23
2.96
0.90
3.45
2.77
12.50
5.60
1.20
2.13
0.81
1.14
3.82
0.90
1.20
0.80
20.00
7.50
8.30
12.50
0.95

number of tillers per square meter (355) and green
fodder yield 31.7t/ha, while control recorded
lowest plant height (42.00 cm), number of tillers
per square meter (135) and fodder yield (8.1 t/ha).
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Fodder production in IIFS
Total fiftythree tonne of green fodder was
produced in all the systems. Different fodder
grasses viz., Guinea, congosignal, and fodder oats
were grown in the IIF System. The productivity of
different fodder grasses was found to be 54, 45,
and 21 t/ha respectively.
Effect of different hedgerow leaves
incorporation on productivity of Pahlu dal
Field experiment was conducted during pre rabi
season to study the effect of different hedgerow
leaves incorporation on growth and yield attributes
of Pahlu dal. Seven treatments comprised of leaves
incorporation of Fleminggia macrophylla,
Indigofera tinctoria, Crotolaria tetragona,
Tephrosia candida and Cajanus cajan @ 2t/ha dry
weight basis along with recommended dose of
fertilizer application (25:60:30 kg NPK/ha) and a
control. Maximum seed yield 0.95 t/ha was
obtained with application of recommended dose
of fertilizer application followed by incorporation
of leaves of Idigofera tinctoria (0.89 t/ha) and
Tephrosia candida (0.87 t/ha).

Fig 1. Hedge row planting in IIFS

fertilizer application (NPK) @ 100:60:40 kg/ha and
no fertilizer control. The grain yield obtained under
different treatments is presented in Table 2.
Table 2. Productivity of lowland rice as affected
hedgerow biomass incorporation
Treatments

Grain yield
(t/ha)

Indigofera tinctoria 5t/ha
Tephrosia candida 5t/ha
Flemingia macrophylla 5t/ha
Crotolaria tetragona 5t/ha
Cajanus cajan 5t/ha
NPK (100:60:40 kg/ha)
Control

Effect of different rate of lime application on
growth and yield of groundnut
An experiment was conducted to evaluate the
performance of groundnut under different rates of
lime application. The initial soil pH was 5.0. The
treatments comprised of 0, 0.5, 1.0, 2.0, 2.5 along
with lime dose calculation as per software
developed in the institute (1.58 t/ha). A uniform
rate of FYM @ 10 t/ha was applied in all the
treatments. The data revealed that maximum pod
yield 21.10 q/ha was recorded with application of
lime @ 2.5 t/ha followed by lime @ 1.58 t/ha (2.07
t/ha) and lime @ 2.0 t/ha (2.06 t/ha). The lowest
pod yield 1.5 t/ha was recorded under no lime
control.

3.31
3.05
3.10
3.30
2.78
4.23
1.86

Biomass production under different hedgerow
species
Maximum fresh weight (leaf + twigs) (159 t/
ha), dry weight (leaf + twigs) (35 t/ha) and dry
weight of leaves 7.1 t/ha was recorded with
Indigofera tinctoria with four prunings (Table 3).
Effect of lime application on growth and yield
of turmeric under Michelia champaca
An experiment was conducted to evaluate the
performance of turmeric with different rates of lime
application under Michelia based agroforestry
system. The initial soil pH was 5.1. The treatments
comprised of, 0.5, 1.0, 1.5, 2.0, 2.5 t/ha along with
lime dose calculation as per software developed in
the institute (1.48 t/ha). A uniform rate of FYM @
15 t/ha was applied in all the treatments. Maximum
rhizome yield 21.2 t/ha, number of fingers (11) and
clump weight 525 gm was recorded with

Effect of different hedgerow biomass
incorporation on productivity of lowland rice
An experiment was conducted to evaluate the
effect of different hedgerow (Fig 1) lead
incorporation on productivity of low land rice.
Seven treatments comprised of leaf incorporation
of Indigofera tinctoria, Tephrosia candida,
Fleminggia macrophylla, Crotolaria tetragona,
Pigeon pea @ 5t/ha, were tested along with
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Table 3. Biomass productivity of different hedgerow species
Species

No. of
cuttings

Crotolaria tetragona
Tephrosia candida
Indigofera tinctoria
Flemingia macrophylla

3
4
4
3

Fresh
weight(t/ha)

91
97
159
147

Dry
weight

25
25.10
35
27

Dry weight
of leaves(t/ha)

5
5.20
7.1
6.0

Nutrient content (%) in leaves
N

P

K

4.74
4.03
5.12
3.87

0.38
0.25
0.26
0.22

0.81
0.79
0.79
0.81

better growth rate (0.033 kg/day) and its droppings
helped in increasing primary productivity. Among
various livestock, the daily weight gain of pig
(0.34kg/ day) was found to be maximum and
optimum primary productivity of fish pond was
found better when reared with a stocking density
of 30 nos./ha pond area. Fish fingerlings at a
stocking density of 9000 /ha recorded maximum
fish productivity and it was found to be 1.00 and
1.07 t/ha, while integrated with poultry and goat
respectively with the above mentioned stocking
density of livestock/ birds as against control
without integration (0.64 t/ha) and concentrated
feeding with productivity of 1.10 t/ha (Table 4).

application of lime @ 2.5 t/ha followed by
application of lime @ 2.0 t/ha (20.2 t/ha) and lime
@ 1.48 t/ha (20.0 t/ha). The lowest yield (15.5 t/
ha) was recorded under no lime control.
Growth and yield performance of different
crops under Alder
An experiment was conducted to evaluate the
performance of ginger, turmeric, maize and pigeon
pea under Alder based agroforestry system.
Maximum rhizome yield 12 t/ha was recorded with
turmeric followed by ginger 9.3 t/ha, maize 2.75 t/
ha and pigeon pea 1.05 t/ha.
Animal component in IIFS
The growth performance of Khaki Campbell
ducks 0.0032 kg/ day was recorded in IIFS at a
density of 500 ducks for 1ha pond area. The
performance of broiler birds reared in IIFS showed

Vermicompost and liquid manure production
in IIFS utilizing different substrate
Vermicompost production utilizing different
substrates viz 15 days old cow dung, farm waste

Table 4. Productivity and stocking density of animal/birds and fishes in IIFS
IIFS

Area
(ha)

Stocking density
of animals/birds
and fishes

Stocking in the
system

Productivity/year

Chicken -crop- fish-duckhorticulture along with
hedgerow on contour bunds.

1.05

Duck- 500 nos./ha
Fish-9000
fingerlings/ha

55 ducks1000
fingerlings

Crop-fish-poultry-multipurpose trees

0.97

Crop- fish-goat -multi
purpose trees
Crop- fish-pig – vermicompost
-bamboo-multipurpose trees
hedgerow-broom
Crop- fish-dairy – mushroom
-vermicompost - horticulturehedgerow
Crop-fish without integration
(control)
Concentrate feeding

1.04

Broiler birds 200/
batchFish-9000
fingerlings/ha
Goat- 55 nos./ha Fish9000 fingerlings/ha
Pigs- 30 nos./ha
Fish-9000 fingerlings
/ha
Cattle- 7 nos./ha
Fish-9000 fingerlings
/ha
Fish-9000 fingerlings/
ha
Fish-9000 fingerlings/ha

3 batches of 200 birds
(87% Survival)900
fingerlings
6 goat900 fingerlings

Duck meat- 54 kg
Pond underwent repairing
and hence fish yield not
obtained
Live chicken- 882 kg
Fish-75 kg

1.04

1.17

0.95
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Meat-100 kgFish- 80 kg

2 pigs 900 fingerlings

Pork- 75 kg-

1 cattle1000 fingerlings

Milk- 3000 liters -

1000 fingerlings

Fish--40 kg

750 fingerlings

Fish- 90 kg
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and different hedge species biomass has been
carried out to determine the time taken for
composting and the quality parameters of the
manure produced. The results obtained are
presented in Table 5. It has been established that
360 liter of liquid manure can be prepared utilizing
urine and washings of one cow, which is sufficient
for 3 sprays/ha for foliar nutrient supplementation
to the crop.

Table 6. Growth performance of different tree
species (8 years old) under IIFS model
Tree species

Pyrus communis
3.46
Artocarpus heterophyllus 5.10
Michelia oblonga
6.55
Alnus nepalensis
10.06
Grevillia robusta
8.35
Gmelina arborea
7.63
Psidum guajava
2.50
Morus alba
3.40
Chukrasia tabularis
4.2

Table 5. Nutrient content and pH in
vermicompost prepared using
different substrates
Treatment

Cow dung +
Farm waste (1:1)
Cow dung +
Crotalaria (1:1)
1.85 Cow dung +
Tephrosia (1:1)
Cow dung +
Indigofera (1:1)
Cow dung +
Flemingia (1:1)
Cow dung +
Azolla (1:1)
Cow dung alone

Days
pH
required
for
composting

Nutrient content
(%)
N

P

K

68

7.77

1.6

0.75

0.80

60

7.50

1.95

0.85

0.90

70

7.30

1.85

0.9

0.83

60

7.25

1.92

0.92

0.85

80

7.32

1.91

0.98

1.07

65

7.16

1.93

0.36

0.92

55

7.43

1.4

0.70

0.72

Plant Collar
height dia(m)
meter
(cm)
8.16
14.63
15.73
21.83
24.67
24.26
25.67
11.33
9.66

DBH
(cm)

4.23
10.43
11.36
17.06
21.10
19.60
17.83
5.33
4.93

No. of
branches
/plant

9
8.7
16
9
16
20.7
11.7
7
5

In case of crop, maize was recorded maximum
yield in sole crop (3.75 t/ha) while among
combinations maximum yield (2.75 t/ha) was
recorded with orange + maize combination (Table
7). Maximum turmeric yield (21.50 t/ha) was
recorded as sole crop while among the combination
with fruit tree species maximum yield (17.5 t/ha)
was recorded with maize + turmeric combination
(Table 8).
Table 7. Performance of different fruit trees
Fruit tree

Selection and evaluation of multipurpose tree
species (MPTs) for IIFS
The periodical growth observation (Table 6) of
ten already existing MPTs in IIFS were recorded
and observed that Alnus nepalensis (10.06 m)
recorded maximum plant height. Psidum guajava
recorded the highest collar diameter (25.67cm)
among various tree species, whereas, DBH was
highest in Gmelina arborea (21.10 cm) after 6th
years of plantation. The maximum number of
branches were recorded in case of Gmelina arborea
(17.83 cm) followed by Michelia oblong (16.00)
and Alnus nepalensis (16.00).

Sweet orange
Guava
Peach
Plum
Pear
Orange
Assam lemon

Plant
height
(m)
2.26
3.82
6.56
3.9
4.42
2.65
2.18

Collar
No.of
Canopy
diameter branches width
(cm)
/plant
(m)
16.4
20.8
40.6
29.4
13.88
13.4
17.8

7.6
4.2
6.0
11.0
7.8
3.0
4.8

1.66
3.86
5.90
2.48
1.24
0.96
2.8

Evaluation of MPT for growth and biomass
performance
Different tree species have varied canopy
architecture, which makes variation in the light
interception or quantum of light available to crops
grown in association with tree species. The
periodical growth observation and canopy
architecture of different agro-forestry tree species
like teeta champ (Michelia champaca), poma
(Chukresia tabularis), Ghamare (Gmelinea
arborea), litsea (Litsea poliantha) and alder (Alnus
nepalensis) were studied after five years of

Evaluation of agroforestry systems under hill
ecosystem
Among different fruit tree species maximum
plant height (6.56 m) maximum collar diameter
(40.6 cm) and canopy width (5.90 m) was recorded
with Plum, while maximum number of branches
per plant (11) was recorded with peach (Fig.2).
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Table 8. Performance of different crops in
combination with different tree species
Fruit tree and crop
combination

Area
(sq. m)

Crop
yield
(t/ha)

Sweet orange + maize

468

2.19

Guava + maize
Assam lemon + maize
Peach + maize
Orange + maize
Plum + turmeric

1575
300
275
270
248

2.65
2.50
2.32
2.75
14.50

Pear + turmeric

620

15.20

Maize + turmeric
Turmeric
Ginger
Groundnut
Maize alone
Soybean

900
690
900
400
-

17.50
21.50
18.00
2.30
3.75
1.85

Table 9. Performance of trees (22 years old) and
crops in AFS

Fruit yield

Tree species

Height DBH
(m)
(cm)

Crop yield (t/ha)
Turmeric Ginger

(t/ha)
Alnus nepalensis
Prunus cerasoides
Symingtonia populnea
Parkia roxburghii
Michelia oblonga
Gmelina arborea
Cryptomeria japonica
Cupressus torulosa
Pinus kesiya
Control (no tree)

Not in
flowering
5.50
2.90
4.50
2.41
Not in
flowering
Not in
flowering
-

24.32
18.81
19.15
28.72
27.15
22.02
15.40
14.62
20.47
-

31.21
27.15
33.16
34.17
31.90
36.32
23.20
22.10
28.66
-

10.86
11.60
11.00
14.30
10.93
10.40
9.55
9.40
12.20
20.00

7.60
7.30
7.00
8.30
7.85
7.50
7.27
7.50
6.61
18.70

plant were heavily pruned and side branches of
alder trees were also pruned up to 50% of tree
height in the month of April 2008 under intensive
management practices. After heavy pruning there
was significant improvement in the emergence of
new shoot which leads to produce new fresh buds
in a per unit area. Now it is flourishing well under
the partial shade of alder as it provide favourable
microclimate to understorey crops. The average
yield of tea (fresh buds) was recorded 7.3 t/ha
whereas, in case of black pepper (dried) the yield
was 500 g/plant (Fig.3).

plantation under hilly condition of Meghalaya.
Different intercrops viz. maize, rice mustard and
other vegetable crops were also grown successfully
under the canopy of above mentioned tree species.
The periodical growth observation of ten
already existing multipurpose tree species (MPTs)
in the arboretum block were recorded and observed
that Parkia roxburghii attained the highest growth
(28.71 m) among various tree species, whereas,
DBH was highest in Gmelina arborea (34.66 cm)
after 20th years of plantation. The maximum timber
volume were recorded in case of M. oblonga
(278.29 m3/ha) followed by P. roxburghii (277.77
m) (Table 9). The yield of shade loving crop (ginger
and turmeric) were recorded under each tree
species and observed that there was a drastic
reduction in crop yield. Maximum turmeric yield
(18.92 t/ha was recorded under control and among
combination with tree species maximum yield
(15.34 t/ha) was recorded under Pinus kesia. While
in case of ginger reduction in yield was more severe
and maximum yield (9.07 t/ha) was recorded in
combination with Parkia roxburghii as against a
yield of (23.10 t/ha) in control without tree
combination.

Fig 3. Black pepper based AF System

Studies on silvi-horti-pastoral systems
To study the performance of silvi-horti-pastoral
AFS pineapple (var. Kew) was planted beneath the
canopy of silver oak (Grevillea robusta) and som
(Machilus bambicina) across the steep slope (2530%) with 50 x 80 cm spacing. The average yield
of pineapple was recorded highest in the

Evaluation of multistoried AFS
In continuation of experimentation in
multistoried agroforestry system, the existing tea
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standard planting procedure during this year.
Growth parameters of tree species viz. tree height,
collar diameter and canopy length were recorded
(Table 11). The interspaced area were utilized for
intercropping of maize followed by green gram and
mustard whereas, contour bunds were covered
under congo and guinea grass to check erosion and
effective utilization of land.

understorey of G. robusta (1.65 t/ha). After 14 years
of plantation, G. robusta attain an average height
13.67 m and dbh of 22.3 cm, respectively. Similarly,
M. bombicina attained 12.56 m height and 29.3
cm dbh. On terrace risers, grasses like congo and
guinea were planted as a vegetative barrier. The
average productivity of congo and guinea grass was
27.15 and 28.18 t/ha respectively. Broom grass
(Thysanolaena maxima) were planted in alternate
bunds of terraces with Alpinia galanga in spacing
of plant to plant distance 30cm and the total yield
recorded of 0.06 t/ha and 4.85 t/ha with broom and
Alpinia (Table 10).

Plus tree selection of Parkia roxburghii
Seven provenances of Parkia roxburghii were
selected from different part of northeastern region
were raised and evaluated for growth performances
during the reporting year to determine plus tree
among the population. Wide variations were
observed in growth parameters of different
provenances of P. roxburghii in the field (Table
12). Maximum plant height (225.33 cm) and
maximum number of primary branches (3.00/plant)
was recorded with Kanpokpi provenances. While

Development of agro-forestry models in hilly
ecosystems
Three year old plants of peach, pear and guava
with 50 no in species were planted in alternate
terraced with two spacing i.e. 5 x 5 m and 5 x 6 m
(plant to plant and row to row) following the

Table 10. Tree growth and crop yield under on silvi-horti-pastoral systems
Tree species

Tree height
(mt)

DBH
(cm)

Crops
Pineapple Guinea
Congo
Broom
(t/ha)
grass (t/ha) signal (t/ha) grass (t/ha )

Grevillea robusta
Machilus bambicina

13.67
12.56

22.3
29.3

1.65
1.43

2.93
2.50

2.93
2.71

Alpinia galanga
(t/ha)

0.6

4.85
-

Table 11. Performance of fruit plant and crops
Tree species

Tree
height (m)

Guava (3 year old)
Peach (3 year old)
Pear (3 year old)

2.94
2.42
1.85

Collar
diameter (cm)

Canopy
length (cm)

8.01
5.31
4.19

2.54
1.12
-

Crops
Maize
(t/ha)

Mustard
(t/ha)

Greengram
(t/ha)

21
19
22

7.1
6.7
-

2.6
3.4

Table 12. Growth performance of Parkia roxburghii
Provenances

Plant
height (cm)

Bilkhawthlir
Kanpokpi
Kawnpui
Kezanglwa
Khaibung
Thingkhang
Mawkiang

209.00
225.33
152.66
212.33
171.66
158.00
143.33

Collar
diameter (cm)
4.62
3.94
2.89
4.02
3.18
3.01
2.86
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Primary
branches

Secondary
branches

1.66
3.00
1.33
0.66
2.00
3.01
1.33

0.33
0.00
0.00
0.00
0.00
0.00
0.00

Canopy
length (cm)
132.66
129.33
79.33
132.66
93.33
109.33
69.33
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maximum collar diameter (4.62 cm) and number
of secondary branches (0.33) was recorded with
Bilkhawthlir provenances. Maximum canopy
diameter (132.66 cm) was recorded with
Kezanglwa provenances.
Evaluation of superior planting material of
Jatropha (seedling/cuttings)
The Jatropha planting materials collected from
various parts of Meghalaya tested under field trial
for screening out the superior materials on the basis
of morphological and phonological behaviour,
morphological observation and routine
management practices in the established Jatropha
plantation block were carried out.
Thirteen provenances of Jatropha curcas were
collected from all over the India evaluated during
2008-09. Wide ranges of variation were observed
in growth of Jatropha in the field. Growth
performance of 13 provenances of Jatropha curcas
were evaluated (Fig 4) under the NOVOD
Sponsored Project on TBOs. Maximum plant
height (223 cm) was recorded with Dimapara.
Maximum collar diameter 5.76 cm (Byrnihat),
maximum number of secondary branches 3.4/plant
and canopy length 168 cm was recorded with
genotypes Byrnihat, while maximum number of
primary branches (9.0/plant) was recorded with
Byrnihat provenances. The PDKV-Akola exhibited
the maximum number of pod bunches per plant (60)
while the minimum number of pod bunches per
plant was recorded in Rahuri and Nagpur (20).

Fig. 4. Jatropha provenance trial

Maximum number of pods per plant was
recorded the in the genotypes local (590) whereas,
the minimum in Rahuri (80) as shown in Table 13.
Among the various provenances the seed yield
ranges from 220 gms to 1280.80 gm. The highest
seed yield per plant was recorded with genotype
Mawlasnai (1280.80 gm) followed by PGS-1
(1080.64 gm), Mawhati (1050.64 gm) and the
lowest was recorded in Rahuri (220 gm). The
genotype TFRI-2 has been found with no fruiting
till the other provenances have shown. The seed
oil content (%) after estimation was found highest
in PJS-1 (45%) and lowest in Mawlasnai, PJS-2
and Mendipathar with 29%.
Cultivation of medicinal and aromatic plants
A medicinal garden was established with 60
medicinal plants. Further collection and plantation

Table 13. Plant characteristic for all the genotypes
Genotypes

Plant
height
(cm)

Collar
diameter

No. of
primary
branches

No. of
secondary
branches

Rahuri
TFRI-2
TFRI-1
PDKV Akola
PJS-2
PJS-1
Nagpur
Byrnihat
Mawhati
Mawlasnai
Tura
Mendipathar
Dimapara

185.0
157.0
156.0
222.0
220.0
219.0
181.0
206.0
206.0
133.0
181.0
156.0
223

4.12
4.07
4.28
4.32
4.32
4.62
5.18
5.76
5.46
4.34
5.0
3.96
4.96

5
3
5
1
0
7
7
9
5
3.0
5
4
5

0.6
0
1.2
2.0
0
2
1.0
3.4
2
0.4
0
0.2
1
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No. of pod
bunches/
plant
12
0
15
12
0
40
20
46
46
40
20
12
14

No. of
pods /
plant

Seed
yield/
plant (g)

80
0
135
120
0
560
320
480
590
590
300
200
250

220
0
310
260.4
0
1080.64
690.76
1040.64
1050.64
1280.8
580.2
350
550

Seed oil
content
(%)
30
29
45
33
34
32
29
40
29
30
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Table 15. Yield and area of components of
horticulture based farming system

of indigenous species is under progress. Yields
recorded were Curcuma caesia (16t/ha), Curcuma
longa (4t/ha), Cymbopogon flexuosus (7t/ha) and
Alpinia galanga (25.6t/ha).

Components

Biomass production in IIFS by crop residues
Biomass production of crop residues ranged
from 5.6 to 30 t / ha and 1.7 to 7 t /ha on fresh and
dry weight, respectively (Table 14).
Table 14. Biomass productivity (t/ha) of
different crops in the IIFS
Species

Fresh
weight

Dry
weight

Maize stalk

12.5

2.7

Banana pseudostem

30
5.6

1.8

Pahlu dal

6.2

1.7

Yield (kg)/
Remarks

Fruits
Sweet orange cv. Valencia

2000

Pineapple

1200

Kiwifruit
Strawberry
Papaya
Vegetables
Tomato
Capsicum

350
50
80

Planted in May
2007
To be harvested
in July 2009
37
12
84

270
240

Broccoli
70
Sweet potato
70
Tapioca
55
Cucumber
140
Bitter gourd
90
French bean var. Contender 150
Protected cultivation of vegetables

7.0

Mustard straw

Area
(m2)

Development of horticulture based farming
system model
A horticulture based farming system model on
institutional waste land surrounding the pond near
horticulture farm was developed during 2008-09
(Fig 1 & 2). With the components of fruits,
vegetables, flowers, vermicompost, low cost
polyhouse and vermiwash. The table 15 indicated
the area under different crops with yield data of
few crops like vegetables

Tomato
Flowers
Gerbera
Marigold
Vermicompost

Biomass used 500 kg

45

76
16.5 (hail strom
damaged crop)
17
100
60
75.2
21.7
80
Erected in Jan.
2009
122.0

80
1250 Nos.
As a border 35
crop
Three pits
each
1.5mx
1.5mx0.6m
Conversion 150
period-9
weeks

Fig. 2. Tomato under low cost polyhouse

Fig.1. Marigold as border crop
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SOFTWARE PROGRAMMES
DEVELOPED
During the period under under report, institute
developed some important softwares for effective
management of natural resources, insect pest
forecasting etc (Fig 1 -5). A software was developed
for identification of 125 species of butterflies of
northeastern region. The details of host,
distribution, classification etc can be found.

Fig. 4. Software for pest forewarning system for
maize cob borer

Fig. 1. Software for nutrient management for
agricultural crops

Fig. 5. Software for information system on
butterflies of northeast

Fig.6. Software for information system on
medicinal and aromatic plants of meghalaya

Fig. 2. Software for determination of physical properties
of soil

CROPPING SEQUENCES
Crop intensification in marshy land
Evaluation of groundnut based intercropping
system on permanent raised beds
Permanent raised beds carved out by cut and
fill method in marshy land area were used for
identification of promising groundnut based

Fig. 3. Software for problem soil management
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increased system productivity but the yield of main
crop of groundnut. Growing of linseed or ricebean
after groundnut improved total system productivity
as compared to wheat and toria.

cropping system. Treatment comprised of seven
rabi/summer season vegetables grown after
groundnut (Table 1) and one groundnut fallow was
kept for comparison. It was observed that
groundnut yield was marginally less in various
cropping system, but maximum yield was obtained
when mono-cropping of groundnut was adopted.
The system productivity in terms of groundnut
equivalent yield (GEY) was improved with
adoption of 200% cropping intensity as compared
to 100%. Maximum system productivity of
groundnut equivalent yield (GEY) was observed
with groundnut-capsicum followed by groundnutcarrot/tomato based cropping sequences. The
lowest GEY of 2.84 t/ha was observed with
groundnut-fallow system. In another experiment,
groundnut crop was sequenced with food crops.
The data presented in Table 2 revealed that
groundnut yield decreased marginally in sequence
cropping as compared to mono-cropping of
groundnut. Highest system productivity of 6.44 t/
ha GEY was recorded with groundnut-lentil, which
was almost equal to groundnut-rajmash. Adoption
of toria and wheat, although increased system
productivity but remained lowest yielder as
compared to other sequences in the study. At the
same time the adoption of legume, not only

Table 2. Production potential of groundnut
based cropping system
Cropping
system

Groundnuttoria
Groundnutrajmash
Groundnutricebean
Groundnutlentil
Groundnutlinseed
Groundnutwheat
Groundnutfallow
CD (P=0.05)

Groundnutpotato
Groundnuttomato
Groundnutcapsicum
Groundnutfrenchbean
Groundnutcauliflower
Groundnutcarrot
Groundnutradish
Groundnutfallow
CD (P=0.05)

Kharif
crop
yield
(t/ha)

Summer Groundnut
crop
equivalent
yield
yield (t/ha)
(t/ha)

Total system
productivity
(t/ha)

2.31

16.38

6.55

8.86

2.53

24.27

11.33

13.85

2.57

12.87

12.87

15.45

2.70

12.25

6.53

9.24

2.59

18.20

8.49

11.09

2.42

17.33

11.55

13.98

2.05

24.56

4.91

6.96

2.85

-

-

2.84

0.15

-

0.54

0.74

Summer Groundnut
crop
equivalent
yield
yield (t/ha)
(t/ha)

Total system
productivity
(t/ha)

2.61

1.00

1.20

3.82

2.72

2.75

3.66

6.39

2.71

1.73

2.88

5.60

2.84

2.44

3.58

6.43

2.20

1.39

3.26

5.46

1.76

2.57

1.71

3.48

3.10
0.13

3.10
0.45

0.38

Performance of toria based cropping system on
raised bed
The experiment was continued for the fourth
year. Four toria based cropping sequences were
arranged on raised bed in marshy land area and
same treatments were kept on upland dry terraces
for comparison. The treatments were tested in split
plot design with three replications. Amongst the
two environments, raised beds in marshy land area
significantly increased individual crop yield as well
as total system productivity as compared to
productivity of crops grown on upland dry terraces.
Amongst the crops, maximum toria equivalents
yield (TEY) of 4.96 t/ha was recorded with French
bean followed by 20.71 recorded with groundnut,
while rice and maize were found poor yielder
(Table 3). Toria yield on raised beds in lowland
area registered 10.02q/ha yield which was 51.58%
higher over the yield recorded with dry upland
terraces. When toria was grown after legume crop,
the yield was comparatively higher than rice and
maize crops. Highest total system productivity of
3.43 t/ha (TEY) was estimated with raised beds in
lowland area, which was 13.76% higher over dry
terraces in upland area. Amongst the cropping

Table 1. Production potential of groundnut
based cropping system on raised beds
in lowland area
Cropping
system

Kharif
crop
yield
(t/ha)
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intercrops significantly reduced cauliflower yield
as compared to sole cauliflower.
Amongst the intercropping system, maximum
cauliflower yield of 16.47 t/ha was recorded with
intercrops of methi followed by cauliflower + pea
(15.56 t/ha). The lowest yield of cauliflower (13.26
t/ha) was recorded with cauliflower + radish
intercropping system. Maximum total system
productivity in terms of cauliflower equivalent
yield (CEY) of 23.83 t/ha was recorded with
cauliflower+ pea followed by cauliflower + methi
(21.36 t/ha) intercropping system. The adoption of
coriander in intercropping system could only
compensate the yield reduction of main crop, while
radish could not do and reduced the minimum crop
yield and system productivity. The lowest total
system productivity of 15.40 t/ha was recorded with
cauliflower + radish intercropping system (Table
4). In another experiment, broccoli crop was
intercropped with various crops (Table 5). The data
indicated that all intercrops significantly reduced
of main crop of broccoli as compared to sole crop.
Methi and pea crops were found to exert less
competition as compared to other intercrops in the
study. The total system productivity markedly
improved due to intercropping system. Maximum
system productivity was observed with broccoli +
carrot followed by broccoli + pea (Fig 1) and methi
crop. Radish and mustard were found to decrease
the system productivity even as compared to
control.

systems, maximum TEY was observed with French
bean-toria followed by groundnut-toria cropping
system.
Table 3. Performance of toria based cropping
system in two environments
Treatment

Kharif
crop
yield
(t/ha)

Environment
Upland
4.97
Lowland
6.96
CD (P=0.05)
Cropping system
Rice – toria
2.95
Maize – toria
2.19
Groundnut –
2.48
toria
Frenchbean –
12.75
toria
Rice – fellow
CD (P= 0.05)
-

Kharif
Toria
crop
yield
productivity (t/ha)
(t/ha) as
toria
equivalent
yield

Total system
productivity
(t/ha)

2.35
2.43
0.02

0.66
1.00
0.12

3.01
3.43
0.10

1.31
1.22
2.07

0.73
0.71
0.89

2.04
1.93
2.96

4.96

0.99

5.95

0.01

0.10

0.09

Development of cole crop based intercropping
system
Cole crops require wide space for cultivation
and involve high cost of input for its production.
That interspace can be used properly with suitably
intercrop which does not exert more competition.
Keeping this in view, the experiment was initiated
with four crops viz., pea, methi, coriander, radish
and carrot grown in between two lines of
cauliflower. All the crops were grown on sole for
comparison. The results indicated that all the

Table 4. Effect of cauliflower based
intercropping system on system
productivity on raised bed
Cropping
system

Cauliflower +
pea
Cauliflower +
methi
Cauliflower +
coriander
Cauliflower +
radish
Cauliflower +
carrot
Cauliflower +
sole

Fig. 1. Broccoli + pea intercrpping on raised beds
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Cauli- Intercrop Cauliflower Total system
flower yield
equivalent
productivity
yield (t/ha)
yield
(t/ha)
(t/ha)
( t/ha)
15.56

3.55

8.28

23.83

16.47

1.96

4.88

22.65

15.28

0.73

2.24

18.36

13.26

5.12

2.13

25.40

15.15

4.26

4.97

20.13

18.16

-

-

18.16
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Table 5. Effect of broccoli based intercropping
system on system productivity on raised bed
Cropping
system

Broccoli +
pea
Broccoli +
methi
Broccoli +
radish
Broccoli +
mustard
Broccoli +
lentil
Broccoli +
carrot
Broccoli +
sole

Broccoli Intercrop
yield
yield
(t/ha)
(t/ha)

ORGANIC FARMING
Management of soil fertility using organic
inputs in important field crop based multiple
cropping systems
Field experiment was conducted to evaluate the
efficacy of various on- and off-farm produced
organic sources of nutrients on productivity and
soil health under various rice and maize based
cropping systems. The five organic nutrient sources
used were Farmyard Manure (FYM),
vermicompost (VC), local compost (LC) made
from composting of locally available weed biomass
and crop residues, integrated nutrient sources (1/
3rd each of FYM +VC+LC) and control. Nutrient
sources were applied on N-equivalent basis. P
requirement was adjusted by applying Mussorie
rock phosphate (MRP). The experiment was laid
out in a split plot design with four cropping
sequences in main plot viz., CS1: Rice + soybean
(4:2) - mustard, CS2: Rice + soybean (4:2) - tomato,
CS3: Maize + soybean (2:2) - groundnut, CS4:
Maize + soybean (2:2) - Frenchbean and five
nutrient sources in sub-plots.
Integrated application of organic manure proved
to be best management practice followed by FYM
application (Table 1 and 2) which was significantly
higher than rest of the sole treatments for all the
crops.
Higher values of yield attributing characters
contributed to higher yield in maize, soybean, and
groundnut, French bean under integrated
management practices irrespective of cropping
system followed by FYM and vermicompost
treatment.
The pH of the experimental soil increased form
the initial value of 4.5 to 5.6 due to FYM
application. Improvement in N, P, K content, soil
physical and microbiological properties was also
recorded due to application of organic nutrient
sources which indicated the improvement in soil
health. Soil Microbial Biomass Carbon (SMBC)
content was recorded maximum (210 µg/g dry soil)
under integrated management practices followed
by FYM (204.2 µg/g dry soil) and vermicompost
(182.6 µg/g dry soils) treatment. Maximum
bacterial (208 x 10 4), fungal (62.0 x 104) and
actinomycetes (40 x 104) counts in soil samples
was recorded under the integrated nutrient
application.

Broccoli
Total system
equivalent productivity
yield
(t/ha)
(t/ha)

11.63

3.62

6.51

18.13

11.74

2.13

4.70

16.44

7.42

7.52

2.63

10.06

8.13

1.62

2.92

11.05

11.84

1.72

4.31

16.15

11.52

7.13

7.13

18.66

12.84

-

-

12.84

Rice + fish farming foar sunken bed
Since raised and sunken bed technology
involved more expenditure, rice-fish system was
also standardized for sunken bed. It was observed
that rice yield was significantly improved with ricefish system (Table 6). Maximum rice yield of 5.28
t/ha was recorded with rice-fish-azolla-food
system, which was however, on par with rice-fishazolla and rice-fish-food system. Lowest rice yield
was realized with rice alone. Highest fish yield of
776.20 kg/ha was recorded with fish alone, which
was markedly decreased with rice-fish system.
Maximum fish yield was recorded with rice-fishazolla-food system (63.15 t/ha), which was 61.67%
and 66.01% higher over rice-fish-food and ricefish treatment, respectively. Lowest fish yield was
recorded with rice-fish system grown without any
supplemental food or azolla.
Table 6. Production potential of rice + fish
system under mid hill altitude conditions
Treatments

Rice-alone
Rice-azolla
Rice-fish
Rice-azolla-fish
Rice-fish+feed
Rice- azolla+fish+feed
Fish alone

Rice
yield
(t/ha)

4.47
4.73
4.87
5.01
5.16
5.27
-

Fish yield (kg/ha)
Common Tilapia
carp

Total
yield

0.26
0.29
0.28
0.52
0.64

0.34
0.38
0.39
0.63
0.78

0.75
0.90
0.11
0.12
0.14
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Table 1. Yield (t/ha) of crops under rice based cropping systems as influenced by various sources
of nutrient
Nutrient sources

FYM
Vermicompost
Local compost
Integrated
Control
CD (P=0.05)

CS1:Rice+soybean (2:2)- mustard

CS2:Rice + soybean (2:2) -tomato

Rice

Soybean

Mustard

Rice

Soybean

Tomato

2.05
1.80
1.59
2.33
1.04
0.36

1.16
1.04
1.03
1.34
0.79
0.24

1.27
1.25
0.98
1.33
0.24
0.24

1.63
1.52
1.35
1.91
0.92
0.37

1.45
1.40
1.32
1.49
0.51
0.23

9.02
6.38
5.14
7.67
3.32
0.63

Table 2. Yield (t/ha) of crops under maize based cropping systems as influenced by various sources
of nutrient
Nutrient sources

FYM
Vermicompost
Local compost
Integrated
Control
CD (P=0.05)

CS3:Maize+soybean (2:2) -groundnut

CS3: Maize + soybean (2:2) - French bean

Maize

Maize

Soybean

3.22
3.15
2.99
3.30
1.63
0.48

1.21
1.13
1.11
1.18
0.48
0.26

Groundnut
2.16
1.85
1.36
2.30
0.74
0.55

At harvest, total soluble solids (4.2%), reducing
sugar (2.8 %) and lycopene (19.4 mg/100 g) content
of tomato was recorded maximum in integrated
management practice compared to other
management practices.

Soybean

3.39
2.81
2.53
3.56
1.44
0.33

French bean

1.20
1.03
0.99
1.04
0.42
0.18

8.63
7.93
3.49
8.63
1.04
0.68

Farmyard Manure (FYM), Vermicompost (VC),
integrated nutrient sources (½ of FYM+ ½ of VC)
and compared with control. The experiment was
laid out in split plot design with treatment
combination consisted of three cropping sequences
in main plot CS1: Maize + soybean (2:2) – French
bean - tomato, CS2: Maize + soybean (2:2) - radishpotato and CS3: Maize + soybean (2:2) –
Frenchbean - carrot along with four nutrient
management practices in sub-plots. Yield of
vegetables were maximum under integrated
management practices (Table 3), however sole
application of FYM produced comparable yield
with that of integrated nutrient source.

Management of soil fertility using organic
inputs in important vegetable crop based
multiple cropping systems
Filed experiment was conducted to study the
performance of vegetables under different cropping
systems and to evaluate efficiency of various on
farm and off farm produced organic sources and
their effect on productivity of vegetables and soil
health. The organic sources of nutrient used were

Table 3. Yield of crops (t/ha) under different cropping systems under different nutrient sources
Nutrient sources Maize+soybean-frenchbean-tomato Maize + soybean-radish- potato
Maize Soybean F. bean Tomato Maize Soybean Radish Potato
FYM
V.Compost
Integrated
Control
CD (P=0.05)

3.51
2.90
3.58
2.11
0.55

1.51
1.49
1.60
1.01
0.42

13.15
11.73
13.0
7.16
0.87

11.68
11.25
11.41
3.67
0.55

3.59
3.21
3.53
2.04
0.56

1.44
1.36
1.49
0.77
0.34
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44.37
43.52
45.23
4.17
1.15

12.61
12.96
13.33
7.56
0.78

Maize+soybean-freanchbean-carrot
Maize
3.61
3.58
3.46
1.95
0.26

Soybean F. bean
1.59
1.49
1.64
0.93
0.26

10.88
10.30
11.82
5.22
0.43

Carrot
17.77
22.03
23.99
6.63
0.65
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Improvement of soil health was noticed as pH
increased up to 5.27 from the initial value of 4.8
and organic carbon content increased to 2.6 % from
the initial of 1.8 % because of application of organic
inputs. Likewise, available nutrient (N, P & K)
content also increased from the initial status.
Maximum microbial population and SMBC were
recorded with integrated nutrient management.

There was improvement in soil health in terms
soil physico-chemical and biological properties.
Porosity (%) and maximum water holding capacity
was increased from the initial value due to
application of organic manures. In general, the
improvement in this parameter was relatively
higher in sunken beds compared to raised beds.
pH of soil increased to 5.4 from initial value of 5.1
under raised bed situation, while OC increased
above 3 % from initial value of 2.5% in the
integrated management practice. SMBC (Table 5)
and microbial counts (Fig 1) was also recorded
significantly higher in integrated management
practice, followed by organic and inorganic
treatment.

Studies on comparative efficiency of organic,
chemical and integrated management practices
on soil health and crop productivity under
various cropping systems
The comparative efficacy of organic, inorganic
and integrated management practices on soil health
and crop productivity was tested under rice based
cropping system in raised and sunken bed method
of cultivation. The fourth year results revealed that
maximum yield of upland rice and vegetables were
recorded in integrated management practices
followed by 100% organic followed by inorganic
management practices (Table 4). Lowland rice
varieties also registered higher yield in integrated
management practices followed by organic
management practice.

Table 5. SMBC (µg/g dry soil) as influenced by
various cropping systems and nutrient
management practices in raised and
sunken bed situation

Physical properties
Raised bed

Sunken bed

Cropping systems Porosity Maximum Porosity
(%)
water
(%)
holding
capacity
(%)
CS1: Rice-potato 50.2
CS2: Rice-tomato 51.7
CS3: Rice51.5
French bean
CS4: Rice-carrot
50.7
CD (P=0.05)
NS
Nutrient sources
NS1: Organic
53.2
NS2: Inorganic
48.9
NS3: Integrated
54.6
NS4: Natural
47.3
Initial value
50.2
CD (P=0.05)
3.8

Maximum
water
holding
capacity
(%)

48.5
49.8
49.9

54.0
54.4
54.8

51.3
52.9
52.8

47.7
NS

55.4
NS

53.2
NS

50.8
45.8
53.1
46.3
45.0
4.9

62.4
48.4
60.4
47.4
47.0
2.3

60.4
47
58.8
44.1
46.0
2.7

SMBC (µg/g dry soil)

Cropping systems

Raised bed

CS1: Rice-potato
CS2: Rice-tomato
CS3: Rice-French bean
CS4: Rice-carrot
CD (P=0.05)
Nutrient sources
NS1: Organic
NS2: Inorganic
NS3: Integrated
NS4: Natural
CD (P=0.05)

Table 4. Physical properties of soil as influenced
by various cropping systems and
nutrient management practices in
raised and sunken bed situation
Treatments

Treatments

Sunken bed

121.3
123.3
194.9
119.1
NS

101.4
128.9
85.5
110.5
4.2

140.4
130.9
170.5
116.9
7.7

114.5
101.3
128.2
82.2
8.7

Quality of tomato produced under organic
management practices was determined at maximum

Fig. 1. Microbial population as influenced by
different nutrient sources under raised and sunken
bed situation
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ripening stage. Fruits grown under integrated
management practice and FYM application
exhibited superior quality in terms of biochemical
properties including TSS content, ascorbic acid,
average juice volume, reducing sugars and
lycopene content (Table 6).

weeding. Mulching has also shown a positive effect
on yield of succeeding mustard crop and registered
maximum seed yield (1.49 t/ha) in the particular
treatment which was found significantly higher
than other treatments (Table 7). Soybean green
manure incorporation might have added some
nutrients to the soil resulting significantly higher
seed yield (1.01 t/ha) in mustard.

Table 6. Quality parameters of tomato at
maximum ripening stage under
different
organic
nutrient
management practices
Nutrient
sources

TSS Ascorbic Av. Reducing Lycopene
(%) acid
juice sugars
(mg/100g)
(mg/100g) (ml) (RS) %

Organic
Inorganic
Integrated
Natural

5.0
4.4
4.8
4.4

31.5
28.6
31.3
28.6

72
73
77
64

2.3
1.6
1.8
1.5

Disease and pest management in maize-soybean
intercropping systems under organic farming
Various organic pest management treatment
combinations were tested to see their effect on
disease and pest management under maize +
soybean intercropping and performance of crops
under organic farming. During the kharif season,
only one major disease was observed in case of
maize. The disease was Turcicum Blight caused
by Exserohilum turcicum. Soybean intercropped
with maize was also affected by frog eye leaf spot,
caused by Cercospora sojina. Percent Disease
Index (PDI) was found lower when Panchgavya
was applied for pest management alone or in
combination with Lantana extract and vermiwash
in case of maize. However, no significant difference
was observed between control and treatments in
case of diseases. Application of Panchgavya along
with Lantana leaf extract and vermiwash produced
higher grain yield in maize compared to other pest
management practices, However, application of
karanjin @ 3ml/lit recorded significantly maximum
grain yield of maize (3.50 t/ha) followed by anonine

20.2
19.4
19.5
12.5

Weed management in maize-mustard cropping
system
An experiment on weed management under
organic farming in maize-mustard cropping
systems was carried out during kharif season. It
was observed that mulching with fresh Ambrosia/
Eupatorium @ 10 /ha after earthing up and one
hand weeding at 60 DAS was found effective in
reducing weed growth and produced significantly
higher seed yield (3.78 t/ha) compared to all other
treatments except mulching with fresh Ambrosia /
Eupatorium @ 10 /ha after earthing up without

Table 7. Yield of maize-mustard cropping system (t/ha) as affected by various weed management
practices
Treatment

Mechanical weeding + Hand weeding once
Mulching with fresh Eupatorium/Ambrosia
Mulching with fresh Eupatorium/Ambrosia + Hand weeding once
Intercropping with Soybean (2:2) + Hand weeding once
Soybean green manure incorporation + Hand weeding once
Hand weeding twice
Weed free check
Weedy check
CD (P=0.05)

Grain yield Weed dry wt(g)
(t/ha)

Grain yield
(t/ha)

Maize
2.90
3.64
3.78
2.31(0.70)*
3.08
2.98
3.01
2.57
0.27

30 DAS

60 DAS

Mustard

5.4
8.1
6.2
8.8
17.9
9.3
63.1

4.6
5.4
3.0
4.9
13.0
5.0
12.1

1.03
1.21
1.50
0.89
1.01
0.94
1.00
0.17

* Soybean seed yield as intercrop
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application (3.45 t/ha). Similar results with
Panchgavya application were recorded in
managing frog eye leaf spot of soybean (PDI-13.5,
Control-36) (Table 8). Hence, it can be concluded
that Panchgavya is effective in disease
management for maize and soybean common
disease of the region.

bassiana & Trichogramma were found effective
against controlling both the insects. Per cent stem
borer damage on maize leaf was the lowest with
karanjin (7.50 %). The cob borer damage on maize
crop was the highest under control. On the other
hand in neem oil, Panchagavya, T. roseum +
Beauveria bassiana, Trichogramma, Anosom and
botanical treated plots no cob borer infestation was
recorded. Leaf folder infestation in soybean was
the lowest (3.00 %) in Trichogramma chilonis and
T. roseum + Beauveria bassiana treated plots. The
per cent flea beetle damaged leaf on soybean was
the lowest for the control botanical (6.50 %) and
was the highest for Trichogramma chilonis treated
plots (Table 9).

Table 8. Percent disease index (PDI) and yield
(t/ha) of maize and soybean as affected
by various insect-pest management
practices
Treatment

Control
Neem oil @ 5ml/lit
Panchgavya 3%
T.roseum + Beauveria bassiana
@ 4g/lit.
Compost tea
Trichocards
Karanjin @ 3ml/lit
Anonine @ 3ml/lit
Botanicals
Panchgavya 3% + Lantana leaf
extract 10% + Vermiwash 10%
CD (P=0.05)

Maize
grain
yield
(t/ha)

Soybean
seed
yield
(t/ha)

2.46
2.64
2.50
2.51

0.99
1.27
1.12
1.11

2.53
3.42
3.50
3.45
2.48
3.02

1.12
1.35
1.39
1.36
1.05
1.23

0.17

0.11

Evaluation of organic sources of nutrient supply
The experiment was continued for the forth year.
Twelve treatments were tested. Results revealed
that continuous nutrient application of
recommended dose of NPK (RDF) and Azolla dual
cropping registered maximum yield (5.0 t/ha) of
rice cv. Sahsarang, which was 8.79% higher over
RDF indicating the significant contribution Azolla.
Azolla dual cropping treatment continuously for
four years on the same plot increased yield to the
tune of 59.79% as compared to control. Application
of 10 t FYM registered 3.43 t/ha, which was further
improved by 28.64% when it was integrated with
Azolla dual cropping. Rabbit manure also improved
grain yield of rice considerably.

The same treatment combinations were tested
against major insect- stem borer in maize and leaf
folder in soybean. The insect parasite Beauveria

Table 9. Effect of application of natural enemies (Beauveria bassiana & Trichogramma) in
controlling major pest in maize and soybean
Treatment

Maize

Soybean

Stem borer Cob borer Leaf folder
damage on damage
folded leaf
leaf (%)
(%)
(%)
Control
Neem Oil @5 ml/lit
Panchagavya 3%
T. roseum + Beauveria bassiana
Compost tea
Trichogramma chilonis
Karanjin @ 3 ml/lit
Anosom @ 1 ml/lit
Botanical [bio-organic seed treatment with MF 129
(20 ml/lit), 58.8L (10ml/l)]
Panchakavya 3% + Lantana extract 10% + Vermiwash 10%
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Flea beetle
damaged leaf
(%)

15.21
6.76
13.96
9.55
8.44
9.72
7.50
9.35

22.50
0.00
0.00
0.00
20.00
0.00
20.00
0.00

7.00
4.00
5.00
3.00
6.00
3.00
4.00
5.00

11.00
8.50
13.00
21.50
22.50
26.50
16.00
23.00

11.90
8.10

0.00
0.00

5.00
6.00

6.50
17.00
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soaked for 24 hrs before planting along with
Bavistin treatment (2 %). The sprouting and
germination was 4 days advance in RCHE 694L
treated tuber, whereas, the tuber size was maximum
in RCHE 79L and RCHE 22L treated tubers. The
yield advantage was 22.1 %, 20.6 % 17 % and 18.4
% in RCHE 79L, RCHE 694L, RCHE 22L and
RCHE 596L as compared to control (15.6 t/ha)

BIOORGANICS
Effect of bioorganics on various crops
WHEAT
Wheat seed variety UP 262 was soaked for 8
hrs in 12 different botanicals as per treatment and
sown on 5th of Nov. 2006. RCHE 572 L. RCHE
695 L RCHE 442 L and WHF8 were found to be
most promising in improving the growth and yield
of wheat crop and contributed 21.7%, 19.2% 18%
and 22% more yield.

GINGER
Soft rot of ginger is one of the major problems
accounting for 20-30 of yield loss, besides affecting
the quality seed production. Till now there was no
cost- effective control measure against this serious
disease. To address this problem botanical extracts
of 490 species was tested, ultimately a formulation
(GF1) was developed (Fig 1), which is highly
effective in checking the incidence of soft rot of
ginger. Mother rhizome treated with the
formulation at 4% concentration for 12 hrs before
planting effectively checked the soft rot of ginger
and only negligible number of plant (0.32%) were
affected in treated plot, against 23.2 % in nontreated plot. Interestingly, this formulation also
increased the ginger yield by 33.4 % over control.

MUSTARD
For mustard crop, M-27 variety was selected.
Fifteen different formulations were tested with 6hrs
seed soaking and subsequently drying in shade
before sowing. Plant vigour and leaf number were
highly significant in RCHE 620 L, RCHE 681 L,
RCH4 and WHF8 (Dry matter accumulation
33.1%, 30.1%, 27.6% and 27.8% more over
control). The seed yield of 0.58 t/ha, 0.52 t/ha and
0.49 t/ha and 0.56 t/ha was achieved with the above
mentioned formulations (control plot 0.34 t/ ha)
FRENCH BEAN
In French bean 12 formulations were selected
for the local bush type variety. Seed was treated
for 6 hrs before planting. Four formulations (RCHE
515R, 538L GF3 and SF6) gave 40%, 339%, 32.5%
and 31,7% more green pod yield over control. Bean
pods treated with GF3 formulation were very tender
and soft.

Studies on biocontrol agents
Trichoderma sp. DNA isolation protocol was
standardized and DNA was isolated.
Different locally available substrates like, areca
nut husk, maize hearts, maize and paddy straw were
used and compared with paddy grain (amended
with calcium carbonate and gypsum) for
multiplication of Trichoderma and Trichothecium.
Paddy grain amended with calcium carbonate and
gypsum gave high colony forming unit count.
Growth was least on areca nut husk.

POTATO
Eleven different botanicals were selected on the
basis of pot experiment. The potato tuber was

Fig. 1a. Bioorganic for ginger
(GF1)

Fig. 1b. Control plot
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Table 1. Evaluation
parameters
of
biodegradable black polythene mulch

Compatibility studies were also conducted
between Trichoderma and Trichothecium and
Beauveria bassiana, Verticillium lecanii and
Metarhizium anisopliae. No hyperparasitism was
observed between any of these plant pathogen and
insect biocontrol agents giving an indication of
their combined use after further evaluation

Weeks
after
laying Degradation
of exposed
film (1)
1
5
7
9
13
18
23
25
32
40

AGRICULTURAL ENGINEERING
Evaluation of degradation of biodegradable
plastic mulch
An experiment was carried out to evaluate
mulch materials for vegetable cultivation (Fig 1).
The crops were broccoli (Var. Aishwarya) and
tomato (Var. SG-017). The location of the
experiment was ICAR Research Farm at Barapani
which represents subtropical humid mid hills
conditions of the North East region.
The biodegradable polymulch was of black
colour and of 20 micron thickness. The evaluation
parameters for biodegradable poly mulch were
recorded as per the guidelines supplied by the
manufacture of biodegradable poly mulch i. e. M/
S Earthsol Limited. To validate the results of
degradability status of the previous years, this year
also i.e. in 2008-09 the experiment was conducted
(Fig 2). The polymulch was laid on 28th November
2007 and was maintained in the field till it was
fully degraded. The values of different parameters
for assessing the degradability of the biodegradable
poly mulch are presented in Table 1.

9
9
8
8
7
6
5
4
3
1

Assessment Scale*
Degradation Lesions Tear
of buried
(3)
strength
film (2)
(4)
9
9
9
9
8
8
7
6
4
2

9
9
9
8
6
5
4
4
2
1

9
9
8
8
7
6
4
4
2
1

* 1: 9 = 100% soil covered; 1 = 0% soil covered;2: 9 = new
film; 1 = film totally disappeared;3: 9 = no lesion; 1 = high
number of lesions;4: 9 = very strong; 1 = extremely brittle
**Laying damage: Laying was done by hand, no damage
occurred.

Based on the results of 3 years’ experimentation
it is evident (Table 1) that the degradation of the
poly mulch was not appreciable after 18 weeks of
laying. The biodegradable poly mulch cannot be
degraded fully during rabi season in the prevailing
climatic conditions. The supplied poly mulch was
fully degraded after 40 weeks of laying.
The yield data (Table 2) revealed the lowest
yield of both broccoli (13.2 t/ha) and tomato (38t/
ha) was recorded in case of control (no mulch
treatment). On the other hand, highest yield was

Fig. 2. The view of the biodegradable poly mulch
experiment

Fig. 1.View of mulching experiment
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Table 2. Yield of broccoli and tomato under
different mulching treatments
Crop

Yield (t/ha)
Control

Broccoli
13.18
var.
Aishwarya
Tomato
37.98
var.SG-017

CD
(P=0.05)

BioPaddy Grass
degradable straw mulch
poly mulch mulch
14.55

17.63

15.87

0.43

40.03

41.50

40.48

1.04

Fig. 3. Mean monthly maximum temperature
inside and outside the polyhouse

recorded in case of paddy straw mulch (broccoli:
15.9t/ha, tomato: 40.5t/ha) followed by grass and
poly mulch. The increase in the yield over the
control was 10.40, 33.76 and 20.41% for
biodegradable mulch, paddy straw mulch and grass
mulch, respectively in case of broccoli whereas
corresponding increase in case of tomato was 5.40,
9.27 and 6.50%, respectively. The lower increase
in the yield in poly mulch treatment may be
attributed to the burning effect on young seedlings
at the time of transplanting when the ambient
temperature was around 24–250 C and 29–300 C. It
was observed that the plant parts, which touched
the edge of the plastic hole were, scorched which
even resulted in the death of some plants.

Fig. 4. Mean monthly minimum temperature inside
and outside the polyhouse

C, respectively. The increase in average minimum
monthly temperature was found to be varying from
1.2 in January to 2.9º C in the month of April and
October. For the month of April, May, June,
October and March the increase in average monthly
minimum temperature was above 2º C while for
remaining months the increase was in between 1.2
to 2º C. The values of average monthly relative
humidity in ambient condition was found to be
ranging between 75 to 83% during the most of the
period with lowest value of 58% and peak value of
90%. The difference in relative humidity was found
to be higher by 5–8% inside polyhouse than
ambient condition through out the year. The
excessive heating was avoided by opening the
ventilators to allow natural ventilation to bring the
inside polyhouse temperature near to 30º C.

Round-the-year vegetable cultivation under
protected condition
Cropping environment
The daily maximum and minimum temperature
is presented in Fig 3 and 4. Average monthly
maximum temperature inside the polyhouse varied
from lowest of 35.3 in the month of February to a
maximum of 41.5º C in the month of July, while
outside the polyhouse it ranged from a lowest of
19.2 in January to a highest of 28.3º C in August,
thus recording the increase of 11.5 to 17.8º C. The
increase was above 16º C for November, December
and January followed by July, October, February
and March with values between 13 to 16º C. For
the remaining months the increase in average
monthly maximum temperature was found to be
ranging from 11.5 to 13º C. Similarly, average
monthly minimum temperature inside and outside
polyhoue varied from 7.9 to 22.6º C and 6.7 to 20.8º

Cropping sequences
Capsicum–tomato–lettuce and capsicum–
tomato–broccoli were evaluated for round-the-year
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utilisation of the polyhouse and higher income
generation (Table 3). The crops (Fig 5) were
selected based on their average market price and
variety on the basis of Institute recommendations.
Cultivation of the crops was done following the
local practice. Only FYM at the rate of 25 t/ha was
applied in the soil in two doses; first at the time of
planting of each crop and second at the time of
flowering. Planting/ sowing time were selected in
such a way that glutting period in the market is
avoided and can fetch better market price.
The reported yield of capsicum, tomato,
broccoli and lettuce in open condition is 20, 28, 13
and 12 t/ha, respectively. In naturally ventilated
polyhouse yield of capsicum was 25.2 and 23.6 t/
ha and that of tomato was 41.2 and 42.8 t/ha.Yield
of capsicum increased by 18 to 26% and yield of
tomato increased by 47 to 53% in naturally
ventilated polyhouse as compared to their yield in
open condition. Yield of broccoli increased from
13.2 t/ha in open condition to 29.5 t/ha in the
polyhouse recording an increase of 123% whereas
yield of lettuce was recorded as 15.5 t/ha inside
the polyhouse with an increase of 26% over the
yield in open condition. Capsicum-tomato-lettuce
fetched income of Rs 162.50 /m 2 whereas
capsicum-tomato-broccoli fetched Rs. 172.20 per
m2 area.
Benefit: Cost (B: C) ratio of the production
system was calculated using discounting technique.
The analysis was carried out considering the cost
of construction of low-cost polyhouse, its annual
maintenance cost, and cost of crop cultivation

Fig. 5. Broccoli, lettuce, tomato and capcicum crop
in polyhouse

including labour and inputs costs, and net return
based on prevailing market price of the produce.
For the present study only the direct monitory
benefits by way sale of produce was considered.
The service life of the low cost bamboo framed
polyhouse was considered as 6 years with one
major repairing in 4th year. The B: C ratio for the
capsicum-tomato-lettuce cropping sequence was
worked out as 2.4. For capsicum-tomato-broccoli
sequence the B:C ratio was calculated as 2.5. As
the nutrient supply to the crops was organic i.e.
from FYM only and the land on which polyhouse
was constructed was uncultivated for many years,
it can be assumed that produce were organic. If
such produce can be certified as organic by some
authorized agency, farmer can earn more profit and
consequently B: C ratio will be further increased.

Table 3. Economics of round-the-year vegetable cultivation in naturally ventilated polyhouse
Crop

Month of
planting/
sowing

Variety

Gross Production
area
(kg)
(m2)

Capsicum February
Tomato
June
Lettuce
November

California wonder
Rocky
Green Rapid

80
80
80

Capsicum February
Tomato
June
Broccoli
November

California wonder
Rocky
Aishwarya

60
60
60

202
342
124

Productivity Cost of
Market
(t/ha)
Cultivation price
(Rs)
(Rs/kg)

25.20
42.80
15.50
Sub Total
142
23.60
247
41.20
177
29.50
Sub total
Total
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660
750
190
1600
450
650
210
1310
2910

25/16/20/25/16/16/-

Total
value of
produce
(Rs)
5050
5472
2480
13002
3550
3952
2832
10334
22726
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Management of water harvesting structures
with LDPE film lining
The water harvesting ponds were dug in the
valley land at the bottom of the hill slope. The
fluctuations in the water table in the ponds were
monitored. The ponds were filled to their maximum
capacity from 21st to 43rd weeks. In the remaining
period the water table fluctuated (Fig 6). The
minimum ponding of about 40 cm in the ponds were
during the period ranging from 50th to 7th week.
This ponding was mainly ground water.

stretching or tightness of the agrifilm was avoided,
particularly on sides. Over agrifilm, soil cover of
15 cm was provided. Then stone pitching was done
on sides only in the research field pond to safeguard
the sides of the pond against erosion and any other
external forces. Schematic diagram of agrifilm
lining of pond is given below (Fig 8). The procedure
for lining the pond is depicted through pictures
(Figs. 8 - 12.)

Fig. 7. Schematic diagram of agrifilm lining
and view of a water harvesting pond

Fig. 6. Temporal variation in water table in
unlined pond

Standardization of method adopted for lining
of the pond with agrifilm
Two water harvesting pond; one in the research
field (480 m3 capacity) and one in the farmers’ field
(1000 m3 capacity) was constructed and lined with
250 micron thick LDPE sheet popularly known as
agrifilm. After the pond was dug as per the design,
pond bed and sides was made weed and stone free.
Steps at 50 cm vertical interval were made on sides
of the pond to hold the agrifilm at its place. On top
of the sides, continuous trench of 30 x 30 cm was
dug for anchoring the agrifilm to prevent it from
sliding down. Pre-emergence weedicide was
sprayed on sides and bed to arrest the weed growth.
After the sides and bed were dressed properly,
10cm thick layer of sieved sand was spread
uniformly on bed and sides to provide cushion to
the agrifilm. After that, agrifim was laid properly
in the pond. LDPE agrifilm of 250 µ was used for
lining. Utmost care was taken in joining the
agrifilm to suit the shape and size of the pond. For
joining, bitumen of 85/25 and 80/100 grade in the
ratio of 2:1 was used. While laying too much

Fig. 8. Cutting of terraces
on sides

Fig 9. Laying of agrifilm

Fig. 10. Joining of
agrifilm with bitumen

Fig. 11. Providing soil
cover over agrifilm

Fig. 12. Lining without
boulder pitching

Fig.13. Lining with
boulder pitching

Safety of lining from seepage water pressure
One technology to release the hydraulic
pressure of seepage water for safety of lining was
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developed. It was observed that LDPE lining of a
pond was ruptured and water from the bottom of
the pond was flowing upward under pressure. After
removing the lining it was found that in rainy
season seepage water from adjacent hill seeps
below the lining of bottom of the pond and created
hydraulic pressure. Due to this pressure bottom
lining of pond was lifted and plastic was ruptured.
To solve this problem perforated plastic pipes of
2’’ diameter were laid in trenches made in the
bottom of the pond. All the pipes (04 nos.) were
made to converge to a underground cementconcrete box. Seepage water from the box was
drained out of the pond through a solid PVC pipe.
Perforated pipes were wrapped with coir rope to
prevent choking of the perforations in the pipe.
Then pipes were covered with sand. Above that
plastic film was laid. Due to this arrangement
seepage water was disposed out of pond safely and
hydraulic pressure was released. Thus damage of
lining due to hydraulic pressure is avoided. Now
the water in the pond remains through out the dry
period (Fig 14). The sketch of the drainage system
is shown in fig 15.

Fig. 15. Sketch of layout of the drainage system

(clean fallow), T3 (maize across the slope), T4
(cover crop ground nut in the upper half and maize
in the lower half, both across the slope), T5
(groundnut across the slope), T6 (maize across the
slope but planted with weed retention). Data on
profile soil moisture and penetration resistance
were taken at 30 days interval. Samples for other
soil properties such as bulk density, available NPK
status were collected before sowing and after
harvest of the kharif crop. Soil and nutrient loss
from various treatments was estimated from
collected runoff samples.
From the experiment results, it was observed
that overall performance of the treatment involving
retention of weeds (both live and dead) was better,
i.e., plant and root growth was better, soil loss was
minimum and the treatment helped in gradual
conversion of slope to terraces. The average soil
loss under Bun was 45.92 t/ha and under T6, it
was 7.90 t/ha. The study also revealed that retained
weed biomass can act as an effective barrier to
runoff and help in reducing soil and nutrient loss.
Cover crop of ground nut was also observed to have
appreciable production potential in the sloping
lands

Fig. 14. Lined pond with drainage arrangement
for seepage water

Evaluation of selected cover management
techniques for maintaining soil productivity in
sloping lands of NE India
A field experiment was taken in the kharif
season with maize (Vijaya composite) as test crop
and ground nut (ICGS 76) as cover crop. The
treatments taken were: T1 (maize under Bun), T2
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SEED TECHNOLOGY
Feasibility study on scientific production and
storage of farmers’ own produced seed in major
crops
The quality of farmers’ rice seed (Table 1) under
treatment (supervision) in the valley districts were
found superior to their neighbours’ saved seeds
(check) The off types present were as low as 0.4%
as compared to 28.4% in the check. The obnoxious
weeds were very high (18.55%) in the checks as
compared to treated plots. Fresh 240 seed samples
were collected from the whole state (eight districts)
and are under seed quality test including grow out
test.

Fig. 1. Rabi maize for seed production as time at
isolation at farmer’s field

Table 1. Quality of farmers’ own produced rice
seeds under supervision and
neighbours’ seeds in two valley districts
of Manipur
Standard (Indian
minimum Standard)

Seed under
treatment
(supervision)

Neighbours’
seed

Pure seed (98%)

99.60%

96.25%

Inert matter (2.5%)

1.25

12.86%

Weed seed (10/Kg)

2.5

36.54

Germination (80%)

88.50%

72.25%

Moisture content (%)

10.24%

13.45%

Fig. 2. Seed storage in charcoal desiccated beans

As far as maize was concerned, the seeds of
Pusa Maize Composite-3 under the time isolation
in farmers’ (rabi sown) fields were able to maintain
purity of 87% as compared to 75% in the neigbours’
plot under summer/ kharif planting. For rapeseed,
M 27, as the basic seed (breeders seed) was impure,
it was further subjected to purification in the Centre
(Fig 1).
Seeds stored under the charcoal desiccated bins
(Fig 2) were found superior to those stored under
ambient conditions. The seed moisture remained
low at 9.5 % moisture (w/w) in maize (as against
13.5 % under ambient conditions) and 9.5 % in
rice (vs.12.4 %). Seed germination was retained
at 98.5 % after 8 months in rice (82.45 % in
ambient) and 87.25 % (vs.78.42 %) in maize. In
rapeseed M27, with themoisture content of 6.8 %
germination was 94.8 % (vs.83.5 %).

Maintenance breeding of locally released/
recommended varieties of important crops
Rice varieties released from this centre are being
maintained through panicle row selection and basic
seeds are being produced every year. In pre-kharif
rice varieties, viz., RC Maniphou-4 and RC
Maniphou-5, panicle rows were raised from the last
years’ selected rows, and for kharif varieties viz.,
RC Maniphou-6, RC Maniphou-7 and
Lungnilaphou seed crops are to be raised in 200607.
In the reporting year, 3355kg seeds of
Lungnilaphou, 3920 kg of RC Maniphou-7, 25 kg
of RC Maniphou-6, 377kg of RC Maniphou-5 and
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30kg of RC Maniphou-4 were produced under
different classes of seeds. In maize, Pusa Maize
Composite 3, fifth generation maintenance was
carried out by raising in the winter as time isolation.
The purity was maintained and selections were
made for true to type plants.

but the fungal infestations were higher under
untreated ambient conditions (Table 2).
Desiccated conditions are better up to eight
months of storage with and without treatments.
Charcoal desiccation could reduce seed moisture
content to 1.5 to 2% thereby maintaining
germination (Table 3).
In general, the desiccated conditions were free
from insect and seed fungi. After four months of
storage under ambient conditions, the fungal
populations were not influenced by the different
treatments. The maximum fungal growth was found
with soybean followed by maize. Infestations were
absent under the desiccated storage.

Use of botanicals in seed storage
Locally harvested seeds of rice, maize, soybean
and rapeseed treated with the plant powders at 4g/
kg seed were stored under both ambient and
charcoal desiccated conditions. Till first four
months of storage, treated seeds were found on par
with the untreated ones with respect to germination

Table 2. Germination per cent of plant powders treated seeds
Crop (var)/
Treatment
Storage
period
(months)

Artemesia
parviflora

Goniothalamus
sesquipedalis

Plectranthus
ternifolius

Vitex negundo

4 months
8 months

4 months
8 months

4 months
8 months

4 months
8 months

Rice (RCManiphou -7)

91.88%

94.35%91.40%

92.65% 91.25%

90.34% 91.24%

Maize (PMC -3)

89.71%89.34%

91.50%92.25%

90.33% 89.55%

91.45% 92.64%

Soybean (JS335)

87.43%88.65%

88.12%88.54%

85.60% 84.55%

83.68% 82.45%

Rapeseed (M-27)

86.66%88.50%

87.45%86.45%

87.33% 85.46%

86.35% 86.53%

Table 3. Mean germination per cent and seed moisture content under desiccated and ambient
conditions
Crop & Variety

Ambient

Charcoal desiccated

Rice: Maniphou 7

88.85% (11.8)*

92.25% (9.5%)

Maize: PMC 3

88.53% (13.5%)

98.5% (12.0%)

Soybean: JS335

72.52% (10.25%)

83.25% (9.25%)

Rapeseed; M-27

94% (8.5%)

98.00% (7.25%)

* Percent moisture content (w/w)
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population was distributed over B (capacitated) and
AR (acrosome reacted) staining patterns in fresh
semen. Following preservation, there was a liner
increase in capacitated and acrosome reacted sperm
population from 0 to 96 h. The capacitated sperm
population was significantly (P<0.05) higher at 48
h and 72 h compared to 0 h of preservation. Three
groups of sperm population were observed after
using JC-1/PI assay; sperm cells with high MMP,
sperm cells with low MMP and dead sperm. Before
preservation, 7-20 per cent sperm population
showed low mitochondria membrane potential,
whereas after preservation up to 72 h, the
proportion of cells increased up to 33-47 per cent
There was a significant (P<0.01) reduction of MMP
during preservation. Similarly there was linier
increase in DNA damage during preservation from
0 to 96 h and The Sperm DNA damage was
significantly (P<0.05) higher at 48, 72 and 96 h
than at 0 and 24 h of preservation. The present
study showed that preservation of boar semen at
18°C tended to induce capacitation like changes
and reduction in mitochondrial membrane potential
and DNA integrity of boar spermatozoa during
preservation at 18°C.

ANIMAL SCIENES
PIG
Membrane integrity, capacitation status,
mitochondrial membrane potential and DNA
integrity of fresh and preserved boar
spermatozoa
The present study was undertaken to assess the
membrane integrity, capacitation status,
mitochondrial membrane potential and DNA
integrity of boar spermatozoa during preservation.
A total of 36 ejaculates from four Hampshire boars
(nine ejaculates from each) were used for the study.
Immediately after collection, physical and
morphological characters were evaluated.
Ejaculates having more than 70 per cent
progressive sperm motility were diluted in BTC
(BeltsVille Thawing Solution) and preserved up
to 96 h at 18°C. The fresh and preserved
spermatozoa was assessed for capacitation status
using chlortetracycline (CTC) fluorescent assay,
membrane integrity using carboxyfluorescein
diacetate (CFDA) and propidium iodide (PI) assay
and mitochondrial membrane potential (MMP)
using JC-1/PI assay and acridine orange (AO)
staining for DNA integrity (Fig.1). The stained
sperm cells were analyzed under fluorescent
microscope and at least 200 spermatozoa per
sample were evaluated.
Results reveled that the majority of sperm
population exhibited F staining pattern
(uncapacitated; 82.7%) and the remaining

Cryopreservation of boar semen: Effect of
different extenders on post thaw sperm
characteristics
The comparative efficacy of four different
extenders viz; LEYG (Lactose Egg Yolk Glycerol),
BTSLEYG (Beltsvilli Thawing Solution Lactose
Egg Yolk Glycerol), KEYG (Kiev Egg Yolk
Glycerol) and BTSEYG (Beltsvilli Thawing

c
a

b
a

b

A

B

C

Fig. 1 A: Membrane integrity by CFDA/PI assay. a: live sperm, b: Dead sperm and c: morbid sperm, B:
Mitochondrial membrane potential by JC-1 Staining and C: Assessment DNA integrity by acridine
orange staining. a: Intact DNA and b: Fragmented DNA
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Solution Egg Yolk Glycerol) were evaluated. A total
of 24 sperm rich fraction of ejaculates (4 each from
3 Hampshire and 3 Hampshire X khasi local boars)
were collected by gloved hand method using
dummy sow and immediately brought to the
laboratory at 35°C. Ejaculates having more than
75% initial motility were taken for the study. Each
ejaculate was divided in to 4 aliquots and initial
dilution was made by using holding fraction of
different extenders (BTS, Kiev and Lactose) and
was kept in BOD incubator for 3 hours at 24°C.
After 3 hours of holding time, semen was
centrifuged, supernatant was discarded and
fraction-I of freezing fraction of the different
extender was added to make the volume 50% of
the final volume. Temperature was reduced
gradually from 24°C to 5°C within 1-½ hours by
keeping the samples in BOD incubator. Then
fraction-II (glycerolated fraction) of different
extender was added at 5°C.
French midi straws with four different colors
were filled with the semen and the open end was
sealed with PVA powder. At the end of 1 hour of
equilibration period, the straws were placed on
precooled (5°C) towel and were dried by rolling
between the two folds of towel. The straws were
arranged horizontally 5 cm above the liquid
nitrogen level in a thermocole box and exposed
for 10-12 minutes to liquid nitrogen vapors.
Immediately after vapour freezing, the straws were
transferred into the goblet containing liquid
nitrogen and transferred to liquid nitrogen container

for storage. Each sample was evaluated for post
thaw initial motility, live sperm count, acrosomal
integrity and HOST test.
Results revealed that out of the four extenders,
BTSLEYG was found to be superior to LEYG,
KEYG and BTSEYG in respect of post thawing
sperm motility (51.38 ± 0.87 Vs 46.79 ± 1.15, 32.50
± 0.92, 42.71 ± 0.89 per cent), live sperm count
(56.83 ± 0.74 vs 55.37 ± 0.96, 45. 75 ± 1.34, 54.83
± 0.81 per cent), acrosomal integrity (56.83 ± 0.74
vs 55.08 ± 0.96, 43.37 ± 0.70, 54.83 ± 0.81 per
cent) and hypo-osmotic swollen spermatozoa
(43.79 ± 0.83 vs 39.00 ± 0.91, 36.37 ± 1.01, 36.41
± 0.71 per cent) respectively (Table 1).
Impact of artificial insemination in pigs at
farmer’s field
The main objective of the study was developed
crossbred pigs in a participatory mode through AI
technology in field condition. A total of 250 semen
ejaculates were collected and evaluated for various
physical, biochemical and morphological
parameter. The good quality semen was extended
in BTS media and preserved at 18°C for
insemination in field condition. A total of 26
villages were selected, roadmap was prepared and
survey work was done on pig holders, pig breeding
tribal farmers and common breeding and
managemental practices in the region. A total 180
farmers were trained on scientific breeding, heat
detection methods, reproductive management and
awareness on artificial insemination in pig. The key

Table 1. Effect of different extenders on post thaw semen quality
Post thaw sperm
characteristics

Sperm motility (%)

Live sperm count (%)

Acrosomal integrity (%)

HOST reacted sperms (%)

Breed

HS
HS X KL
Overall
HS
HS X KL
Overall
HS
HS X KL
Overall
HS
HS X KL
Overall

Name of the extender
LEYG

BTSLEYG

KEYG

BTSEYG

48.17a±1.11
45.42a±1.99
46.79a±1.15
55.75±1.32
55.00±1.40
55.37a±0.96
55.75 a±1.32
54.41a±1.47
55.08a±0.98
38.50a±1.33
39.50ac±1.28
39.00a±0.91

51.08a±1.22
51.67b±1.28
51.38b±0.87
56.91±1.05
56.75±1.08
56.83a±0.74
56.91a±1.04
56.75a±1.08
56.83a±0.74
44.66b±0.81
42.91a±1.45
43.79b±0.83

33.33b ±1.18
31.67c±0.42
32.50c±0.92
49.00A±2.08
42.50B±1.13
45.75b±1.34
44.25b±0.85
42.50b±1.13
43.37b±0.70
36.83a±1.79
35.91c±0.98
36.37c±1.01

42.00c± 1.15
43.42a± 1.38
42.71d± 0.89
55.66±1.20
54.0±1.07
54.83ac±0.81
55.66a±1.20
54.00a±1.07
54.83a±0.81
37.83a±1.02
35.00bc±0.84
36.41c±0.71
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persons were selected from each villages and
formed facilitator group for information sharing.
A total of 68 pigs were inseminated (field
demonstration) in different villages and obtained
the pregnancy rate of 79.4 per cent (Fig. 2).and
farrowing rate of 77.8 per cent with average litter
size of 8.2 (Fig.3). Reproductive parameters after
artificial insemination at farmer’s field are given
in the table 2.

Fig. 3. Successful pregnancy and farrowing
after insemination at farmer’s field

boar and the manpower utilized for boar rearing.
They also harvested the benefits of exotic
germplasm like increased litter size and weight at
birth as well as at weaning. There is a shift from
fattener farmer to breeding farmer due to the easy
availability of AI technology. The obtained piglet
has higher body weight gain, high feed conversion
efficiency and higher litter size (2-3 piglets extra).
Therefore, 80 per cent of tribal farmers adopted
the artificial insemination technology in pigs in the
selected villages and highly satisfied with this
insemination technology in pigs. After seeing the
progress of the beneficiaries under this project, the
other farmers of the village are also interested and
adopted the insemination technology.

Fig.2.Artificial Insemination in pig at farmer’s
field

Table 2. Reproductive parameters after
artificial insemination at farmer’s
field
Parameters

At
farm

Farmer’s
field

No. of pigs inseminated
No. of pigs pregnant
No. of pigs farrowed
Pregnancy rate (%)
Farrowing rate (%)
Average litter size at birth
Average litter weight at birth/
piglet (kg)
Still birth (%)
Weak piglets (%)
Average individual litter weight at
weaning (kg)

26
21
21
80
80
8.89
1.13

68
54
53
79.41
77.94
8.32
0.897

0.2
0.3
8.87

Productive performance and economic impact
of upgraded pig under low input production
system at farmer’s field
A total 110 small piggary units were established
in different villages of Ri-bhoi and East Khasi
district of Meghalaya. Each unit consists of two
female and one male upgraded pigs (75 % and 87.5
% Hampshire with Khasi local) for breeding and
two piglets for fattening, which was distributed
from the institute. The productive and reproductive
performance and diseases incidence were studied
under low input production at farmer’s field. The
body weight of the piglets was measured at monthly
interval and regular monitoring and technical
support provided to the farmers. Most of the
farmers constructed temporary type pig shed using
locally available materials while only few

Nil
0.67
7.24

The adopted farmers were highly satisfied due
to the financial benefit, timely and in place
availability of superior male germplasm. The
beneficiaries are definitely gained by saving the
cost of mating (Rs1000-1500) and transport cost
of females to boar pen (Rs 300/-). Besides, they
saved the expenditure incurred in maintenance of
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progressive farmers had permanent cemented shed
for the breeding pigs. 50-70 per cent of the pig
ration was comprised of local vegetations, agrowastes, household and kitchen wastes and
remaining 30-50 per cent concentrate feed without
specific composition of feed ingredients. The
productive and reproductive performance of
upgraded pig is shown in the table 3. The upgraded
pigs have recorded significantly (P<0.01) higher
body weight gain, feed conversion efficiency and
litter size at birth as well as at weaning as compared
to local pigs. However, age at puberty was
significantly higher in upgraded pig that that of
local pig (Table.3). The adult upgraded pigs were
sold by the fattener farmers @ Rs 6000 –7000/pig
as compared the earlier local adult pig @ Rs 30004000/pig. While, the breeding farmers harvested
2-3 extra piglets per litter than earlier system and
farmers sold each piglet @Rs1400/. The
beneficiaries got Rs 9000-10000/unit through
selling the piglet/ farrowing which is significantly
higher and Rs 3000-4000/ extra per unit. Therefore,
the farmers were highly satisfied with the upgraded
pigs.

male pig from its own litter to avoid maintenance
of boar for breeding. In this system, it is claimed
that the nondescript local male pigs, at very young
age (around 3 months), impregnate the sow. The
present study, therefore, was carried out to
document the pig breeding practices followed by
the tribal farmers and to study the testicular
development and maturity in nondescript local pigs
and to compare it with Hampshire and Large White
Yorkshire (LWY) pigs reared under low input
production system. Pig farmers (n=96) were
surveyed about the breeding practices followed. A
total number of 206 male pigs (59 Hampshire, 66
LWY and 81 nondescript local) were utilized for
the testicular morphometry studies. The pigs from
each type were serially castrated from two-month
age onwards up to 6 months of age. Twelve
breeding farmers were randomly selected to study
the age at first mating of nondescript male piglets.
The experiment was repeated under standard
production system also. The data on litter size at
birth and weaning, litter weight at birth and
weaning were recorded under both the systems.
Results revealed that the farmers who reared
nondescript local pigs practiced the system of
mating the sow with a male pig from its own litter
very commonly. Majority of the pig farmers
(91.67%) revealed that the nondescript local male
pigs were able to mate the sow and impregnate at
3 months of age. The weight and circumference of
the testes were significantly (p<0.05) higher in
nondescript local pigs compared to Hampshire and
LWY pigs, but the testicular length did not differ
significantly. The epididymis weight and length of
different segments also did not differ significantly
between Hampshire, LWY and nondescript local
pigs. An interesting finding in the present study
was that the testicular tissue per kg body weight
was significantly (p<0.05) higher in nondescript
local pigs than the Hampshire and LWY pigs. The
blood testosterone level was significantly higher
in nondescript local male pigs at 2 and 4 months
of age compared to Hampshire pigs suggesting their
early sexual maturity. The average age at mating
of nondescript local male pigs was 108.75±8.04
days under the low input production system, while
the corresponding age under standard production
system was 113.86±9.97 days. The litter size at
birth and weaning, litter weight at birth and
weaning were significantly (p<0.05) higher in the

Table 3. The productive and reproductive
performance of upgraded pig under
farmer’s field
Parameters

Mean ± SE

Body weight at (kg)
3 months
4 months
5 months
6 months
7 months
8 months
Age at puberty (days)
Age at first conception (days)
Age at first farrowing (days)
Inter farrowing interval
Litter size at birth
Ind. litter wt at birth
Litter size at weaning
Ind. litter wt at weaning
Weaning percentage

13.65±1.52
19.67± 2.54
24.34 ± 3.23
33.73 ± 3.78
40.12 ± 4.67
50.32 ± 6.89
276.66 ± 11.19
328.00 ± 31.14
442.17 ± 31.2
208.40 ± 18.74
8.53 ± 0.15
0.87 ± 0.28
7.38 ± 0.23
8.46 ± 0.47
87.41 ± 4.66

Studies on early sexual maturity in nondescript
local male pigs of North-Eastern region
The tribal population of northeastern India
follows a unique practice of mating the sow with a
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having 75% exotic inheritance to study the growth
performance and nutrient digestibility on rice
polish based feeding regime supplemented with
different levels of phytase enzyme. The good
quality rice polish was procured from local market
that contains CP (12.74%), CF (4.65%), EE
(11.65%), TA (6.74%) and AIA (1.50%) in good
proportion. Five isonitrogenous (CP 16%) and
isocaloric (DE 3000 kcal/kg) diets were prepared
by incorporating rice polish (50%), maize (30%),
protein feeds (17%) and additives (3%) with
uniform dietary calcium level of 0.60 percent.
The test diet T1 contained available dietary P
0.13 percent. However, DCP was added in test diet
T2 to maintain recommended available dietary P
level of 0.34 percent. The test diets T3, T4 and T5
were supplemented with Phytonex @ 10, 20 and
40g/100kg feed respectively to provide phytase
activity in the respective diets to the level of 0.50,
1.00 and 2.00 lacs FTU per 100kg feed. These
rations were offered in weighed quantity, one half
in the morning and another half in the evening. At
the end of feeding experiment, a digestion trial for
the period of 5 days was conducted and the resultant
data are presented in Table 5.

standard production system compared to the low
input production system of pig rearing. It was
inferred that the testicular growth was faster in
nondescript local pigs compared to Hampshire and
LWY pigs and the local male pigs have the capacity
to mate and impregnate sows at 3-4 months of age.
Productive performance of Hampshire X T&D
pigs under agro –climatic conditions of
Meghalaya
Hampshire boar was crossed with T&D female
and the productive performance of F1 (Hampshire
X T&D) were evaluated under standard
managemental condition. The body weight gain of
Hampshire X T&D pigs at different ages were
recorded and shown in the table 4. The growth rate
and body weight gain at different ages was
compared with different genetic group of
Hampshire with Khasi local crossbred pigs. The
study revealed that there was no significant
difference between Hampshire X T&D and 75%
Hampshire cross and T&D in body weight gain at
different ages. While, 87.5% Hampshire cross with
Khasi local had significantly higher body weight
gain at 6, 7 and 8 months of age, however, there
was no significant difference at early age from 3-5
months.

Table 5. Growth and nutrient digestibility in pigs
fed rice polish supplemented with
phytase

Table 4. Comparative body weight (kg) gain of
Hampshire X T&D at different age

Parameters

Age

75%

87.5%

T&D

3 months

13.65
±1.52
19.67
± 2.54
22.34
± 3.23
33.67
± 3.48
40.12
± 4.67
50.32
± 6.89

14.67
±1.45
20.23
± 2.34
25.45
±3.45
34.56
±3.87
44.45
±5.67
55.67
±7.83

13.28
±1.52
18.63
± 2.35
23.34
±3.65
31.30
±4.67
38.56
±6.76
47.59
±9.45

4 months
5 months
6 months
7 months
8 months

Hampshire
X T&D

Treatment Means
T1

Growth performance
Growth rate (g/d)***
Feed intake (g/d)
FCR***
Fd. cost/kg gain (Rs)***
Digestibility (%)
DM****
Protein****
P***

12.45
±1.67
19.35
±2.56
24.56
±3.78
32.76
±3.12
38.45
±7.56
48.45
±8.67

T2

387a 429 ab
1305 1305
3.37b 3.04a
39.22b 37.02ab

T3

T4

410a 453b
1305 1305
3.19ab 2.88a
37.25ab 33.70a

T5

429ab
1305
3.04a
35.72ab

72.81a 74.68ab 73.64a 76.51b 73.46a
69.59a 71.89b 71.19a 73.12b 71.66b
37.61a 52.06c 45.81b 52.25c 52.34c

*Phytonex is product of RFCL Ltd. New Delhi @ Rs. 196/kg having
thermo stable granular phytase with min. activity of 5,000 FTU/g;
**Calculated values; ***Significant at 1%; ****Significant at 5%

The DM, protein and P digestibility in pigs
recorded significantly (P<0.01) higher on diets T4
supplemented with phytase enzyme @ 1.00 lac
unit/100kg feed and it resultant into significantly
(P<0.01) higher growth rate with better FCR value
and lower feed cost per kg gain. Similar result was

Performance of crossbred pigs fed on rice polish
based ration supplemented with phytase enzyme
A feeding experiment for the period of 90 days
was conducted on CB (Hampshire x Khasi local)
castrated male piglets (n=20; 9.02±0.05kg BW)
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recorded in pigs fed on DCP supplemented diet
(T2) with little high feed cost per kg gain.
Moreover, phytase supplementation not only
reduced the requirement of dietary P as in case of
diet T2 through DCP but it probably reduce
pollution hazard since P from rice polish was
released for utilization by pigs. Thus, it is
concluded that one lac unit of phytase enzyme per
100kg feed based on 50 percent good quality rice
polish was sufficient for proper utilization of P and
other nutrients that resultant into better growth rate.

Table 6. Growth and nutrient digestibility in pigs
fed rice polish supplemented with TTZyme
Parameters

Growth performance
Growth rate (g/d)
Feed intake (g/d)
FCR****
Fd. cost/kg gain (Rs)
Digestibility (%)
DM***
Protein***
P***

Performance of crossbred pigs fed on rice polish
based ration supplemented with TT-Zyme
A feeding experiment for the period of 90 days
was conducted on CB (Hampshire x Khasi local)
castrated male piglets (n=12; 9.41±0.04kg BW)
having 75 per cent exotic inheritance to study the
growth performance and nutrient digestibility on
rice polish based feeding regime supplemented
with TT-Zyme (mixture of enzymes and
probiotics). The piglets were distributed in
individual cemented floor cages. Three
isonitrogenous (CP 16%) and isocaloric (DE 3000
kcal/kg) diets were prepared by incorporating rice
polish (50%), maize (30%), protein feeds (17%)
and additives (3%) with uniform dietary calcium
and available phosphorus levels of 0.61 and 0.39
percent respectively. The test diets T2 and T3 were
prepared by supplementing TT-Zyme @ 50 and
100g/100kg in control diet T1. These rations were
offered in weighed quantity, one half in the morning
and another half in the evening. At the end of
feeding experiment, a digestion trial for the period
of 5 days was conducted and the resultant data are
presented in Table 6. Significantly higher DM,
protein and P digestibility with better FCR value
and lower feed cost per kg body weight gain was
recorded in pigs fed on diet based on rice polish
supplemented with TT-Zyme (mixtures of enzymes
and probiotics) @ 50g/100kg feed. However, the
ADG was not affected due to supplementation of
TT-Zyme in diet that was probably due to lower
cumulative growth rate in pigs on various diets
which ranged from 263 to 283g/d.
Thus, it is concluded that overall growth
performance was not much affected due to
supplementation of TT-Zyme in good quality rice
polish based feeding system.

Treatment Means
T1

T2

T3

263
975
3.75a
47.85

283
975
3.46b
44.56

274
975
3.51b
45.52

74.42a 78.40b 74.66a
71.90a 74.96b 72.59a
44.04a 48.16b 51.09c

*TT-Zyme is cocktail enzymes (cellulose, hemicellulase,
xylanase, â-glucanase, protease, amylase, lipase,
pectinase,phytase) with probiotics (lactic acid bacillus,
saccharomyces cervisiae) product of TTK Health Care Ltd.
Chennai @ Rs. 200/kg ; **Calculated values; ***Significant
at 1%; ****Significant at 5%

Performance of pigs at finisher stage fed on
sweet potato and rice polish supplemented with
phytase enzyme
A feeding experiment for the period of 30 days
was conducted on CB castrated pigs (n=8;
51.69±1.09kg BW) to study the growth
performance and nutrient digestibility. Control diet
(T1) was prepared by including sweet potato tuber
50, rice polish 38 and soy meal 10 parts on DM
basis and fortified with minerals and 2 per cent
common salt. The test diets T2 was prepared by
adding Phytonex @20g/100kg feed in diet T1 to
provide phytase enzyme 1.00 lac FTU /100kg feed.
Control and test diets contained uniform level of
dietary protein (14%), DE (3000 Kcal/kg), Ca
(0.45%), available P (0.22%), CF (2.84%), EE
(6.50%) and TA (6.50%). The sweet potato tubers
were harvested, washed, chapped and boiled before
mixing in the ration (Fig. 4). The weighed quantity
of feed was offered, one half in morning and other
half in evening. Digestion trial for the period of 5
days was conducted at end to study the nutrient
digestibility. The results revealed (Table 7) that the
digestibility of DM, protein and P was not affected
due to supplementation of phytase because of low
level of available P requirement (0.23%) at finisher
stage of growth and thus it resulted into similar
growth performance. It is concluded that sweet
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Fig. 4. Sweet potato based pig feeding system

edible carcass (excluding GI tract, liver, heart and
spleen) was 64 kg. The physical appearance of pork
produced from pig fed on sweet potato tuber was
compared with pork produced on normal grain
based feeding system by a panelist of 15 members
(6 females and 9 males) with non-vegetarian food
habit and regular pork eater on 9 points Hedonic
scale. Both the type of pork was cooked in uniform
system to study flavor, taste and acceptability on 9
points Hedonic scale by the same panelist. The
texture of pork produced on sweet potato was
similar to normal grain fed pig . However, fat
thickness was more (23.25 ± 1.97 mm) in pork
produced on SPT than normal grain (14.75 ± 0.25
mm) and thus, most of the panelist in view that
pork produced on SPT was soft and better in terms
of flavor and taste with more acceptability without
any extra sweetness than normal pork.

potato tubers and good quality rice polish based
ration may be fed at finisher stage for good growth
rate without supplementation of phytase enzyme.
Table 7. Growth and nutrient digestibility in pigs
fed sweet potato tuber and rice polish
supplemented with phytase
Parameters

Treatment

Growth rate (g/d)
Feed intake (g/d)
FCR
DM digestibility (%)
Protein digestibility (%)
P digestibility (%)

T1

T2

633
2224
3.56
84.63
76.73
54.97

658
2206
3.35
82.75
76.16
54.54

Characteristics of pork produced from pig fed
on sweet potato tuber at finisher stage
A study was conducted on physical appearance
and acceptability of pork produced from pig fed
on sweet potato tuber (STP) at 50% level on DM
basis during finisher stage. A 77 kg pig fed on sweet
potato based feeding regime was slaughtered as per
the traditional method (Fig. 5). The weight of the

Feeding practices and nutritive value of pig
ration fed at farmer’s house
The different mixed pig feed samples from the
Umroi farmer’s houses were collected and
estimated for their nutrient content. The pigs were
fed with locally available herbs, tubers and
concentrate feeds like maize and/or rice milling
by-products in semi cooked form. The different
feed samples collected were estimated for their
nutrients content. The estimated values and
physical observation revealed that mixed feeds
were deficient in protein and DM in cooked mixed
feed. The farmers were not mixing any protein
feeds and mineral mixtures in the pig ration.
Therefore, it is recommended for mixing of
available protein feeds and mineral mixture in
mixed pig ration before feeding for better
productive performances.

Fig. 5. Appearance pork
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Surveillance, monitoring and investigation of
livestock disease outbreaks in the region
Pasteurellosis in pigs: Mortality of pigs with
severe respiratory problem was reported from two
organized farms. Post mortem findings revealed the
presence of enlarged, hard and consolidated lungs,
adhesion lobes suggesting death due to pneumonia
(Fig.6). The clinical samples were subjected for
bacteriological examination in the laboratory. The
laboratory findings showed the presence of
Pasteurella multocida in lung and bronchial lymph
node. The isolates were confirmed based on
cultural, morphological, biochemical tests and PCR
based detection of P. multocida specific KMT1
gene (Fig.7). The isolates were found to be
pathogenic to mice. The organisms were identified
as P. multocida type D based on the PCR capsular
typing (Fig.8). The isolates were highly sensitive
to Ceftriaxone Ci (30 mcg) followed by Cefazolin
Cz (30 mcg), Cephalexin Cp (30 mcg), Norfloxacin
Nx (10 mcg), Chloramphenicol C (30 mcg),
Enrofloxacin Ex (10 mcg) and Ofloxacin Of (5
mcg) and resistant to Sulphadiazine Sz (100 mcg),
Co-trimoxazole Co (25 mcg) and Nalidixic acid
Na (30 mcg). The disease outbreak could be
controlled by using the antibiotics with highest
sensitivity.
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Fig. 7. Detection of KMT1 (460 bp) gene of
Pasteurella multocida. M- Marker, Lane (1-4)
suspected organisms, N- Negative
M
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Fig. 8. PCR capsular typing of Pasteurella
multocida isolated from pig using Pasteurella
multocida Type D specific dcbF gene (657bp). MMarker, Lane (1-4) organisms, N- Negative

37 o C under CO 2 enriched environment. The
suspected colonies were subjected for
morphological and biochemical tests, and were also
confirmed by PCR based detection of 16S rRNA
gene of Brucella spp (Fig.9). Out of 5 suspected
M

1000 bp

k

100 bp

k

Fig. 6. Consolidated lung of pig infected with
Pasteurella multocida

Brucellosis in swine: Spontaneous cases of
swine abortion in an organized farm in Meghalaya
were investigated. The collected samples were
inoculated onto sheep blood agar and incubated at

1

2

3

p 285 bp

Fig. 9. Detection of 16S rRNA (905bp) gene of
Brucella spp. Lane M - 100bp DNA ladder, Lane
1-standard, Lane (2 & 3) test organisms
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Examination of skin scrapings - Skin
scrapings of 15 cross bred pigs were examined by
KOH digestion method to detect parasitic
infestations. Presence of mites were detected in 5
pigs which were indistinguishable from Sarcoptes
scabiei var suis (Fig. 12). Infected pigs were treated
with Ivermectin 1 ml /50 kg body weight. No mites
were recovered from treated pigs after a period of
10 days of post treatment.

samples, the isolates from 2 samples were
confirmed as Brucella. These isolates were further
confirmed as Brucella suis by PCR method
targeting species specific IS711 gene sequence
(Fig.10).

Fig. 10. PCR detection of IS711 (285bp) genetic
element of Brucella suis. Lane M - 100bp DNA
ladder, Lane 1- standard, Lane (2 & 3) - test
organisms

Incidence of parasitic diseases in livestock
Fig. 12. Skin of pig infested with the parasite
Sarcoptes scabiei var suis

Examination of faecal samples - During the
period under report, 282 faecal samples of rabbits
and 111 faecal samples of poultry were screened
to detect parasitic infections. Out of these, 42.90%
faecal samples of rabbits and 57.65% faecal
samples of poultry were found positive for parasitic
infections. Coccidial infections were detected in
40.42% and 57.65% rabbits and poultry
respectively (Fig. 11). Strongyle infection was
detected in 2.48% rabbits. Post mortem
examination of two rabbits were performed and
both of them were found positive for intestinal
coccidiosis.

Validation of kit developed for diagnosis of
Oesophagostomosis sp. and Bunostomosis sp.
For preparation of antigens, post mortem
examination of gastrointestinal tracts of
slaughtered goats were done to collect
Oesophagostomum sp. and Bunostomum sp.
parasites. Total 99gastrointestinal tracts of goats
were examined for this purpose and 40.40% goats
were found positive for the presence of
Oesophagostum sp. Collected the adult
Oesophagostomum sp parasites from these
slaughtered intestines and preparation of antigens
for production of kit is going on.

GOAT
Studies on Growth Hormone (GH) gene in
Assam Hill goat
Thirty numbers of genetically unrelated Assam
Hill goat (doe of F1 generation) were subjected for
study on growth hormone gene. The genomic DNA
was extracted from whole blood using Phenol-

Fig. 11. Eimeria sp. infection in rabbits
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chloroform –Isoamyl alcohol method. The DNA
samples were amplified by PCR at the GH locus
without any major non-specific products (Fig. 13).
Though the primers used for the study were specific
for bovine sequence, the amplified products were
of the expected size (768 bp) indicating the
conservation of DNA sequence at GH locus in both
bovine and caprine species, and primer developed
for one species could be used in a related species.
The PCR conditions have been standardized to
generate 768 bp products using the following
primers:
Forward: 5’-AGA ATG AGG CCC AGC AGA
AAT C-3’ and
Reverse: 5’-GTC GTC ACT GCG CAT GTT
TG-3’
M

14) were also found to be higher in the castrated
groups.
Table 8. Effect of age at castration on carcass
parameters of Assam Hill goats
Parameter

1
month
Live weight (kg)
Hot carcass weight (kg)
Dressing percentage (%)
Leg (kg)
Loin (kg)
Rack (kg)
Breast (kg)
Neck and Shoulder (kg)
Skin (kg)
Fore cannons (kg)
Hind cannons (kg)
Heart (kg)
Liver (kg)
Kidney (kg)
Spleen (kg)
Gastro-intestinal tract (kg)
Carcass length (cm)
Height (cm)
-at wither
- at back

1

p

Weight of different cuts
castrated at different age

768bp

3
6
Control
months months group

16.6
7.6
45.78
1.380
0.465
0.225
0.333
1.491
1.485
0.271
0.264
0.130
0.435
0.080
0.040
5.000
34

13
6.6
50.76
1.28
0.265
0.130
0.300
1.290
0.930
0.200
0.220
0.052
0.240
0.050
0.025
3.77
36.5

11.5
5.72
49.73
1.27
0.350
0.300
0.450
1.52
0.900
0.175
0.130
0.050
0.226
0.050
0.025
4.30
38

16.65
8
48.04
1.19
0.225
0.215
0.25
1.35
1.35
0.22
0.19
0.1
0.335
0.045
0.025
4
27.4

36
34

35.5
36

35
18.5

26
29

Fig. 13. 768 bp fragment of Growth hormone gene of
Assam hill goat. M: 100 bp ladder

Effect of age at castration on carcass quality in
Assam Hill goat
The carcass parameters of castrated and control
(un-castrated) group of Assam Hill goats
maintained under standard managemental
conditions were studied to assess the effect of age
at castration on the carcass yield.
The animals were castrated at 1, 3 and 6 months,
and slaughtered at 12 months of age and control
group was kept uncastrated upto slaughter age. Live
weight of goats castrated at lower age was found
to be higher than that castrated at the higher age
(Table 8). Different meat cuts viz. Neck and
Shoulder, Breast, Rack, Loin and Leg along with
different edible and non-edible vital organs (Fig

Fig. 14. Different meat cuts of Assam hill goat

Productive and reproductive performance of
Assam Hill goat
The body weight of Assam Hill goats was
recorded at different age in every 30 days interval
up to 360 days (54 male and 58 female). The
average birth weight was found to be 1.58±0.04
kg in male and 1.39 ±0.04 kg in female (Table 9 &
10). The average body weight of male and female
kids after 360 days were14.2± 0.87kg and
11.91±0.8 kg, respectively. The body weight of
male kids was significantly higher as compared to
the female kids (P<0.05). Some of the reproductive
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parameters of Assam Hill goat under semi-intensive
managemental condition are given in table 11.

slow rate. The final ADG after 12 months of age
was 36.39 g/day.

Table 9. Average monthly body weight of Assam
Hill goat
Age(days)

Male (kg)

Female (kg)

Overall

At birth
30
60
90
120
150
180
210
240
270
300
330
360

1.58±0.04
3.83±0.13
5.56±0.28
6.87±0.31
8.26±0.38
9.15±0.36
10.26±0.39
10.25±0.76
11.1±0.67
11.73±0.79
12.38±0.82
12.88±0.82
14.2±0.87

1.39±0.04
3.7±0.11
5.19±0.21
6.1±0.22
7.44±0.26
8.13±0.31
8.93±0.37
8.34±0.31
8.83±0.43
9.45±0.54
10.2±0.59
11.0±0.68
11.91±0.8

1.48±0.03
3.77±0.09
5.38±0.18
6.48±0.19
7.85±0.23
8.66±0.25
9.32±0.29
9.51±0.39
9.91±0.46
10.41±0.51
11.12±0.53
11.84±0.56
12.93±0.64

Fig 15. Average daily body weight gain of Assam
hill goat

Post mortem examination of gastrointestinal
tracts of goats
A total of 99gastrointestinal tracts of goats were
examined and 72 (72.72%) goats were found
positive for gastrointestinal parasitic infections.
The presence of Haemonchus sp. (62.62%),
Oesophagostum sp. (40.40%), Trichuris
sp.(15.15%), Amphistomes (3.03%) and Moniezia
sp.(4.04%) were identified from these G.I. tract.

Table 10. Birth weight of kids under different
types of birth
Type of birth

Male

Female

Single
Twin
Triplet

1.71±0.06
1.49±0.05
1.3±0.13

1.52±0.06
1.35±0.07
1.19±0.05

Table 11. Reproductive parameter of Assam hill
goat
Traits

Mean ± SE

Twinning percentage (n=77)
Triplet percentage (n=77)
Singe birth percentage (n=77)
Inter kidding period (days) n=34
Gestation period (days)
Age at first kidding (days)

37.66 %
5.19 %
57.14 %
258.32 ± 10.37
147 ± 0.12
437 ± 0.34

CATTLE
Productive performance of dairy cows fed on
improved perennial grasses with legume fodder
and native grasses
A feeding trial was conducted during rainy
season on four HF crossbred cattle (third lactation;
160±20 days from calving) to study the effect of
legume fodder supplementation on the productive
performance of cows. The cows were fed with
green fodder (50%), dry roughages as paddy straw
(10%) and concentrate (40%) on DM basis. The
hybrid grasses (Napier, Hamil and Guinea) along
with legume fodder (perennial groundnut and
soybean) were fed to the cows in the ratio of 85
and 15 percent respectively during 30 days trial
period. However, native grasses were offered alone
as green fodder to the same cows before and after
trial. The concentrate mixture offered comprised
of maize, wheat bran, mustard oil cake, ground nut

Average daily body weight gain of Assam Hill
goats under semi-intensive managemental
condition
The average daily body weight gain (ADG) of
kids (both male and female) in 1st month was 76.28
g/day. There was a decreasing trend of ADG from
1st to 3rd months and in 4th month again ADG was
increased. From 4 th month onward there was
gradual decrease in ADG up to 7th month (Fig. 15).
From 8th to 12th month ADG again increased with
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mash form ration based on paddy straw and
concentrate feeds (Fig.17) for the period of four
months. The calves were divided into two groups.
First group was fed with complete paddy straw
based mash ration whereas the second group was
fed with paddy straw and concentrates separately.
The complete mash ration was prepared with
grounded paddy straw 45, maize 25, wheat bran
19, MOC 10, lime 0.25, DCP 0.25 and mineral
mixture 0.50 parts. The DMI (kg/d), DM digt.(%)
and ADG (g) increased to 5.6, 62 and 359 in calves
fed with mash form of paddy straw based complete
feed and save wastage of straw by 40.7 percent,
when compared to respective values of 3.15, 47
and 227 in calves fed with un-chapped paddy straw
and concentrate feed separately. Therefore, it is
concluded that complete mash ration based on
chapped paddy straw and concentrate feeds is
economical to reduce the wastage and thus
increased the intake and subsequently have positive
effects on growth and digestibility.

cake, mineral mixture and salt. The milk yield was
recorded. The fat content in milk was estimated
during trial period and before and after 15 days of
trial period. The results revealed that milk yield
increased (10.89%) due to supplementation of
legume fodder in hybrid grasses during trial period
(Fig 16), which might be due to increase in the
nutritive value of green grasses (Table 12). Thus,
it is concluded that supplementation of legume
fodder to the level of 15% in green grasses
increased the nutritive value and subsequently
increased the milk yield without affecting the fat
content in milk.
Table 12. Milk yield and fat content of cows fed
on hybrid grasses with legume fodder
Particulars

Period
Native
grasses
alone before
trial period

Milk yield
13.50±0.13
(Liter/day)
Milk fat
3.30±0.02
content (%)

Hybrid
grasses with
legume
during trial
period

Native
grasses
alone after
trial period

15.38±0.21

14.23±0.39

3.35±0.03

3.35±0.02

Nutrient content in grasses on DM basis: (%)
CP
5.55
9.85
—
CF
32.94
30.05
—
EE
1.33
1.44
—
TA
6.17
7.30
—
P
0.11
0.19
—

Fig. 17. Feeding of complete balance ration based
on paddy straw

Nutritive value of complete feed block
Complete balanced feed block was prepared
from paddy straw (45%) and concentrate feed
ingredients (maize 25, MOC 10, wheat bran 19,
lime 0.25, mineral mixture 0.50 and DCP 0.25
parts) with the help of feed block making machine
under hydraulic pressure (Fig.18). The feed block
was prepared with dimension of 23x23x23cm with
density of 796±78 kg/m3 having protein content
10.04 and TDN 60 percent. The prepared feed block
was balanced in terms of required nutrients with

Fig. 16. Milk yield and fat content

Performance of calves fed on paddy straw based
complete balance diets in mash form
Growth trail was conducted in crossbred HF
female calves (10 Nos., 115±10.67 kg) on complete

92

ANNUAL REPORT 2008-09

Fig. 18. Balanced complete feed block preparation from feed block making machine

very high density that can be easily stored in small
area and fed to all categories of dairy animals for
good productive performances.

Annual legume fodder
Two annual legume fodders viz. rice bean
(Vigna umbellata) cultivar RCRB-10 and soybean
(Glysine max) cultivar MOUS-98-2 were grown
in acidic soil at mid altitude. The fodder was
harvested either one or two time and yields were
recorded (Table 13). The DM contents were
estimated 15.11 and 18.18 in rice bean and 16.31
and 21.71 percent in soybean during first and
second cut, respectively. The fodder was harvested
from first node for taking second cut. The soybean
grain yield was recorded from plot where fodder
was harvested only one time. Both the fodders were
very much palatable amongst ruminant animals and
contained protein content more than 15% on DM
basis.

FEEDS AND FODDER PRODUCTION
Maize fodder production
Three maize varieties viz., RCM-1-1, DMR and
FDIRS-275 were grown in Kharif season in under
acidic soil condition. The fodder was harvested
after 150 days crop duration just after start of silk
formation. The fodder yield was recorded to be
17.22±1.67, 30.80±0.31 and 27.02±1.86 t/ha,
respectively in three tested varieties with DM of
18.65, 20.05 and 19.39 percent. The protein and
fiber content ranged from 4.97-5.75 and 25.2928.15 percent on DM basis. It was concluded that
the varieties DMR and FDIRS-275 can be grown
for the production of maize fodder in acidic soil
and high rain-fed condition in Kharif season.

Table 13. Legume fodder production
Crop

Job’s tear fodder production
Job’s tear (Coix lachrymal Jobi) was grown for
fodder production. Two cutting of fodders were
recorded, first after 70 days of sowing and second
cut after 60 days of first cut. The fodder yield was
recorded to be 53.30 and 42.20 t/ha, respectively
with DM of 12.21 and17.39 percent from first and
second cut. The Job’s tear fodder contained 7.85%
protein and 27.01% fiber. It is concluded that the
Job’s tear can be grown for the production of fodder
in acidic soil and high rain-fed condition in Kharif
season.

Rice bean
Soybean

Fodder yield (t/ha)

In one cut

In two Cut

21.50±1.00
12.44±1.28

34.75±2.00
32.33±1.59

Grain yield
with one cut
fodder (t/ha)

—
2.50±0.06

Annual winter fodder
Oats (var. Cant) was grown as winter annual
fodder under rain-fed condition at mid altitude in
acidic soil. Fodder was harvested after 70 days and
yields of 13.29 t/ha was recorded with 22.77% DM.
Fodder yield in the current year was lower than
previous year and it might be due to very less
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rainfall during winter. Even at this level of
production, oat fodder can be a successful
alternative winter fodder under rain-fed condition
to sustain the green fodder requirement for the lean
season.
Another experiment was conducted to evaluate
the performance of oats for fodder production in
the intensive integrated farming system (IIFS).
Nine treatments comprised of FYM 15t/ha, FYM
7.5t/ha +50% RDF, vermicompost 10t/ha,
Vermicompost 5t/ha + 50% RDF, Poultry manure
10t/ha, Poultry manure 5t/ha +50 % RDF, were
evaluated against control, 100% RDF through
inorganic fertilizer and 50% RDF. Among all the
treatments, maximum plant height (71.30 cm),
number of tillers per square meter (367) and green
fodder yield 32.15 t/ha was recorded under 100%
NPK followed by the treatment with application
of FYM 7.5t/ha +50% RDF with plant height
(71.00 cm), number of tillers per square meter (355)
and green fodder yield 31.7 t/ha, while control
recorded lowest plant height (42.00 cm), number
of tillers per square meter (135) and fodder yield
(8.1 t/ha).

for feeding to ruminants. The current year read
(stem), fodder (leave) and flower yield was
recorded to be 25.79±2.88, 9.61±0.58 and
3.20±0.36 t/ha on DM basis. Feeding experiment
on broom leaves in adults goats (6; 14.70±2.02 kg
BW) was conducted for the period of 90 days. The
fodder was offered adlib during forenoon and
afternoon with supplementation of concentrate feed
@ 100g/d/head. The fodder broom was relished
by goat and fodder DM consumed 3.25% of their
body weight which showed good palatability and
resulted into ADG of 45.55±0.31 g/d in winter
season when no any other type of fodder is available
in the region.
Sweet potato tuber
Three types of sweet potato cultivars (Pusa
safed, Sankar and Kokrajhar red) were grown. The
nursery of all three cultivars were developed and
transplanted in the month of June in raised beds
and tubers were harvested after 150 days crop
duration. The tuber yield was recorded to be
18.89±1.47, 32.81±0.57 and 24.17±0.34 t/ha on
fresh basis in three cultivars with average DM of
30.70 percent. It was concluded that the cultivar
Sankar tuber having orange flesh yielded maximum
with good amount of protein content (5.50%) that
can be grown for the utilization as energy feed for
pig production.

Perennial winter fodder
A broom (Thysanolaena maxima) fodder root
slip was transplanted 3 years back in terrace land.
Similarly, another fodder block of broom was
developed in red lateritic brown hill soil with big
rock fragments and variable soil depth at mid
altitude on 10-20 percent slopes (Fig. 19). The soil
is practically not suitable for agricultural crops.
Thus, broom was planted as a winter fodder crop

POULTRY
Identification of chicken, duck, pigeon and pig
meat by species specific markers of
mitochondrial origin
PCR based method for meat species
identification of chicken, duck, pigeon and pig was
achieved by developing species-specific markers
(Fig. 20). Mitochondrial D-loop sequences were
used to design primers to amplify the speciesspecific markers specific to chicken (256 bp), duck
(292 bp), and pig (835 bp) respectively and
cytochrome b gene sequence to design primers to
amplify species specific marker for pigeon (401
bp). These species specific markers were
subsequently tested in different varieties such as
Miri, Mizo-local and White Leghorn chicken,

Fig. 19. Broom plant and flower
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significantly higher egg weight (both at the age of
first egg and at 40 weeks of age), egg volume and
albumen volume in Gramapriya followed by
Vanaraja, Mizo-local and Miri chickens (Table 14).
However, yolk volume was significantly higher in
Vanaraja and Gramapriya varieties as compared to
native chickens. There were significant differences
among improved varieties for percent albumen and
yolk volume and yolk to albumen ratio. Vanaraja
had significantly higher percent yolk volume, lower
percent albumen volume and higher yolk to
albumen ratio than those of Gramapriya variety.
However, native chickens did not differ
significantly for percent yolk and albumen
volumes, yolk to albumen ratio. The percent
albumen volume was significantly higher in
Gramapriya followed by Mizo-local, Miri and
Vanaraja. Similarly, percent yolk volume was
significantly lower in Gramapriya as compared to
Vanaraja and Miri chicken. The interesting
observation made in this study was that although
the egg size of Vanaraja variety was significantly
higher than those of native chickens but the
proportion of yolk was significantly higher than
that of Mizo-local and similar to that of Miri
chickens. This finding was in contrast to the earlier
established fact “smaller the size of eggs, higher

Khaki Campbell and Indian Runner breeds of
ducks, domestic pigeons (Columba livia) and
Khasi-local and Hampshire breeds of pig. The
results were consistent across different varieties
or breeds of each species. The species-specific PCR
products from chicken, duck, pigeon and pig, were
sequenced to confirm the specificity of the products
amplified and these partial sequences were
deposited in genbank, www.ncbi.nlm.nih.gov
(Accession numbers are FM207561, FM207562
and FM207563 for chicken; FM207558 and
FM207559 for pig; FM209494 and FM209495 for
ducks and FM207563 for pigeon). The species
specific markers were validated for cross
amplification if any, in other meat species such as
beef, mutton, chevon, pork, rabbit, chicken, duck,
turkey and pigeon meat and they are found to be
species specific. DNA markers developed in this
study can be used to identify the species of fresh,
cooked (80o C) and autoclaved meat of chicken,
duck and pigeon and fresh and cooked (80o C) meat
of pig. The process of identification is simple,
economical and quick as compared to other
methods such as PCR-RFLP and sequencing
method of species identification.

Table 14. Egg qualities of indigenous and
improved chicken varieties

Fig. 20. PCR Amplification of chicken, duck,
pigeon (cytochrome b) and pig specific D loop
region of mitochondrial DNA fragment. Lanes M
are molecular size marker (100 bp ladder), lane 1
is chicken, lane 2 is duck, lane 3 is pigeon and lane
4 is a pig specific marker

Study of egg qualities of indigenous and
improved chicken varieties
Comparative study on egg qualities of
indigenous and improved chicken varities revealed

Parameters

Miri

Mizolocal

Gramapriya Vanaraja

Egg wt. at first
egg (g)
Egg wt. (40
weeks) (g)
Increase in
egg wt. (g)
Egg volume (ml)

31.02
± 0.26a
38.68
± 1.27a
7.66

34.49
± 0.30b
43.96
± 0.61b
9.47

50.23
± 1.32 c
58.65
± 1.33c
8.42

42.75
± 1.16 d
54.65
± 0.84 d
11.90

34.76
± 0.75a
Albumen
22.12
volume (ml)
± 0.76a
Yolk volume (ml) 12.65
± 0.31a
Yolk to
0.58
albumen ratio
± 0.03 ab
Percent
63.39
albumen volume ± 1.13ab
Percent yolk
36.61
volume
± 1.13ab

38.76
± 0.75b
25.54
± 0.56b
13.22
± 0.25a
0.52
± 0.01ac
65.86
± 0.39ac
34.14
± 0.39ac

51.14
± 1.06 c
35.14
±1.22 c
16.00
± 0.42 b
0.47
± 0.027c
68.47
± 1.20c
31.53
± 1.20c

48.5
± 0.75 d
30.29
± 0.65 d
18.50
± 0.89c
0.62
± 0.039b
62.50
± 1.19b
37.49
± 1.19b

Note: Row wise figures bearing at least one common superscript do
not differ significantly (P < 0.05)
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will be the proportion of yolk and smaller will be
the proportion of albumen”. Therefore, yolk to
albumen ratio was significantly higher in Vanaraja
as compared to Gramapriya and Mizo-local
chicken.

startling and unexpected since most of the studies
reported higher age at sexual maturity in indigenous
breeds of chicken. This character makes Miri type
chicken unique among indigenous chicken breeds
of the country.

Reproductive traits of indigenous and improved
chicken varieties
Seminal and other reproductive parameters of
native and improved chicken varieties are presented
in Table 15. Semen volume was significantly higher
in improved varieties as compared to native
chickens while sperm concentration was
significantly higher in native chickens than those
of improved varieties. Volume of semen was
significantly (p<0.01) higher in Gramapriya birds
followed by Vanaraja, Mizo-local and Miri birds.
There were no significant differences within native
and improved varieties for semen volume and
sperm concentration. Semen pH, mass activity,
individual motility, live, dead and abnormal sperm
count and number of spermatozoa per ejaculate did
not differ significantly between different genetic
groups. The percentage of abnormal sperms was
lowest in Vanaraja followed by Miri, Gramapriya
and Mizo-local chicken.
Native chickens matured significantly earlier as
compared to improved varieties. Among native
chickens, Miri type chicken had significantly
earlier age at first egg as compared to Mizo-local
chicken. Among improved varieties, Gramapriya
had significantly early age at first egg as compared
to Vanaraja chicken. The fact that Miri type
chickens had early sexual maturity was somewhat

Serum and egg cholesterol levels of indigenous
and improved chicken varieties
The study of serum and egg yolk cholesterol
levels in indigenous and improved chicken varieties
revealed non significant differences between
genetic groups for the said traits although
Gramapriya was numerically superior to other
varieties for serum cholesterol level.
Proximate composition of eggs of indigenous
and improved chicken varities
Proximate analysis of eggs of indigenous and
improved chicken varieties revealed nonsignificant differences between various genetic
groups for moisture, crude protein, ether extract
and total ash content of eggs (Table16).
Development of egg pickling technique-using
eggs of indigenous chicken
The process of preservation and value addition
of indigenous eggs through pickling, using either
vinegar or oil as medium was standardized and also
an attempt was made to incorporate bamboo shoots
in egg pickle. Fresh bamboo shoots purchased from
the market were washed, soaked in water overnight
and dried. Fresh eggs of indigenous chicken were
kept at room temperature for one day and boiled
for 15 minutes and shell and shell membranes were

Table 15. Age at first egg and semen analysis of native and improved chicken varieties
Semen characteristics

Miri

Mizo-local

Gramapriya

Vanaraja

Volume of ejaculate (ml)
pH of semen
Mass activity (Graded 0 to 5 )
Individual motility (%)
Live sperms (%)
Dead sperms (%)
Abnormal sperms (%)
Sperm concentration (Millions/ml )**
Number (Millions) of sperms / Ejaculate
Sexual maturity or Age at first egg (days)

0.198 ± 0.025a
7.06 ± 0.07a
1.64 ± 0.21a
57.95 ± 5.47a
76.87 ± 3.79a
20.68 ± 3.08a
1.78 ± 0.37 a
3091.67 ± 391.57a
427.05 ± 54.41a
145.60 ± 1.30a

0.245 ± 0.028ac
6.99 ± 0.06a
1.50 ± 0.23a
48.50 ± 5.14a
74.09 ± 4.28a
26.05 ± 4.25a
3.50 ± 0.64b
2711.54 ± 192.42a
545.48 ± 105.63a
160.00 ± 1.15b

0.347 ± 0.028b
6.90 ± 0.061a
2.09 ± 0.196a
45.22 ± 5.19a
75.38 ± 4.22a
24.29 ± 4.13a
2.30 ± 0.44ab
1719.17± 206.60b
503.47 ± 80.87a
167.79 ± 0.70c

0.297 ± 0.044bc
7.18 ± 0.091a
2.13 ± 0.23a
52.36 ± 6.05a
74.76 ± 5.54a
24.94 ± 5.53a
1.29 ± 0.40a
1649.17± 184.95b
421.57 ± 64.52a
176.85 ± 1.00d

Note: Row wise figures bearing at least one common superscript do not differ significantly (p < 0.05)
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Table 16. Proximate compositions of eggs of local and improved chicken varieties
Parameters

Miri

Mizo-local

Gramapriya

Vanaraja

Moisture (%)
Crude protein (%)
Ether extract (%)
Total Ash (%)

74.89 ± 0.35
11.06 ± 0.39
12.85 ± 0.34
1.12 ± 0.08

75.75 ± 0.90
10.99 ± 0.57
12.06 ± 0.36
1.14 ± 0.06

75.14 ± 1.10
12.09 ± 0.60
11.72 ± 0.54
0.95 ± 0.06

74.42 ± 0.32
12.11 ± 0.14
11.96 ± 0.24
1.10 ± 0.08

peeled. The pickling was standardized for 250 g of
bamboo shoots and 12 eggs of indigenous chicken
(Fig 21, 22 & 23). Bamboo shoot cum egg pickle
so prepared was subjected for organoleptic
evaluation. The results of organoleptic evaluation
(Table 17) revealed encouraging consumer
acceptance for bamboo shoot cum egg pickle.
Appearance, aroma and flavor of bamboo shoot
cum egg pickle were in the range of like moderately
to like very much, similarly overall acceptability
of pickle was in the range from moderately
palatable to very palatable.

Table 17. Sensory evaluation of bamboo shoot
cum egg pickles
Pickle Name

Appearance Aroma Flavor Overall
acceptability

Bamboo shoot 7.43
cum egg pickle ± 0.29

7.57
± 0.30

7.86
± 0.40

7.14
± 0.34

Fig.23. Bamboo shoot cum egg pickles ready for
taste panel

Production performance of Turkey (Meleagris
gallopavo) in Meghalaya
The production performance of turkey under
agro-climatic conditions of Meghalaya in terms of
egg production and egg quality parameters and the
economic viability of turkey farming was studied
(Fig. 24). Age at first egg, egg production and egg
quality parameters of turkey are given in Table 18.
Turkeys could attain sexual maturity at 200.80 ±
1.59 days of age. It was observed that egg size
increased from age at first egg to 40 weeks of age
by 14.61 g. Percent Hen Day Egg Production was
40.26 ± 2.11 and average egg mass in g per day per
hen up to 40 weeks of age was 24.82 ± 1.30. Age
at first egg was high (~ 200 days) and weight of
eggs of turkey was less both at age at first egg and
at 40 weeks of age as compared to the earlier
reports.
Considering the costs of day old poults (at the
rate of Rs. 55.00 per poult), feed (@ Rs. 13.09 per
kg), and the expenditure on medicine, electricity
and labor (Rs. 20 per bird) the total expenditure
incurred up to 18 weeks of age was Rs. 186.92 per
bird. The average market price of turkey in
Meghalaya is Rs. 150 per kg live weight and by

Fig. 21. Seasoning of oil based egg and egg cum
bamboo shoot pickles

Fig. 22. Seasoning in pickling solution (Vinegar)
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taking average body weight at 18 weeks of age as
2428.33 g, the profit per bird works out to be Rs.
177.48. The study revealed that turkey farming
under hill ecosystem was profitable even under
intensive system of rearing. Therefore, there is a
scope for turkey farming in the northeastern hill
region, as there is huge demand for turkey meat
particularly during Christmas and New Year season
and birds are sold at premium price. The best season
to start turkey farming in this region would be in
the months of August or September. By this time
monsoon rains will be less, the temperature will
be warm and by the time the turkeys attain market
weight in about four and half months, the turkeys
will be ready for sale during Christmas and New
Year period. The study assessed the production
performance of small variety of turkey and
feasibility of turkey farming under hill ecosystem
of Meghalaya.
The study also tested the feasibility of utilizing
desi broody hens (chicken) to hatch the turkey eggs
under farmers’ field (Fig. 24). Modern turkey
varieties lack broodiness character and hence
cannot hatch poults on their own. Therefore, there
has to be some mechanism to hatch turkey eggs
for further multiplication in small numbers at
farmer’ field. Indigenous chickens available with
farmers are excellent sitter and hence they can be
utilized to hatch out poults through natural
hatching. It was observed that broody hens could
successfully hatch out turkey eggs with a
hatchability percentage of 85.78 ± 2.37 on total
eggs set basis in 28 days. It was observed that
although a local broody hen can hatch 12-15 chicks
from their own eggs, they could ideally hatch 10

poults in one sitting since the turkey eggs are bigger
in size as compared to the chicken eggs. The results
were encouraging and by this process farmers can
utilize low productive local hens, which hardly
need any inputs for their maintenance to hatch
turkey eggs. However, special care must be taken
to prevent the mortality of young poults during first
two to three weeks of age due to starve outs and
infections. So, immediately after hatching, poults
must be removed from the hen and placed in clean
brooding area and they should be coaxed in feeding
and watering.
Table 18. Egg production and egg quality
parameters of Turkeys reared at
Meghalaya
Parameters

Mean ± S. E.

Age at first egg (days)
Egg weight at first egg (g)
Egg weight at 40 weeks of age (g)
40 weeks Hen Day Egg Production (%)
Avg. egg mass per hen per day up to
40 weeks (g)
Shape index (at 40 weeks of age)
Specific gravity (at 40 weeks of age)
Whole egg volume (at 40 weeks of age)
(ml)
Albumen volume (at 40 weeks of age)
(ml)
Yolk volume (at 40 weeks of age) (ml)
Albumen to egg yolk Ratio (at 40 weeks
of age)
Egg liquid weight (at 40 weeks of age) (g)
Albumen weight (at 40 weeks of age) (g)
Yolk weight (at 40 weeks of age) (g)
Shell weight (at 40 weeks of age) (g)

200.80 ± 1.59
54.34 ± 0.42
68.95 ± 0.75
40.26 ± 2.11
24.82 ± 1.30
75.99 ± 2.47
1.090 ± 0.001
60.62 ± 0.71
40.71 ± 0.45
19.92 ± 0.47
2.055 ± 0.049
62.14 ± 0.72
40.87 ± 0.70
21.26 ± 0.46
6.81 ± 0.34

Evaluation of certain herbs as feed additives for
quality broiler chicken production
A feeding trial with one hundred and eighty
straight run commercial broiler chicks was
conducted to study the effect of supplementation
of five herbal powders as feed additives at 0.5%
level on their performance and carcass quality
traits. At the age of 21 days, the birds were
randomly allotted to six dietary treatment (n 30)
viz. T0 (Basal diet), T1 (Basal diet plus 0.5%
Bidens pilosa powder), T2 (Basal diet plus 0.5%
Mimosa pudica powder), T3 (Basal diet plus 0.5%
Argyreia nervosa powder), T4 (Basal diet plus
0.5% Schimia walchaii powder) and T5 (Basal diet

Fig. 24. Local broody hen with freshly hatched out
turkey poults
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plus 0.5% Tithonia diversifolia powder) groups
with three replicates of ten chicks in each and
reared on deep litter system under standard
management condition up to 49 days of age. The
study revealed no significant differences for
performance as well as carcass quality traits among
the different treatment groups and the results are
presented in Table 19.

overnight. Hyperimmune serum against the crude
protein was raised in rabbit. Western blotting was
performed after SDS-PAGE of the protein to find
out the presence of immunogenic proteins.
Immunogenic proteins could be identified with
molecular weight between 50- 75 kDa (Fig.25&
26).
1

Incidence of salmonellosis in poultry
A total of 21 Salmonella isolates recovered from
chicken intestinal samples were subjected to PCR
based detection of stn (Salmonella enterotoxin),
inv (invasive), fimA (fimbrial), pefA (plasmid
encoded fimbriae), sefC (Salmonella Enteritidis
fimbriae), sopE and sopB (Salmonella outer
membrane protein). The stn, inv and fimA were
detected in all the 21 isolates, whereas only 1
(4.76%) isolates showed the presence of pefA gene,
3 (14.28 %) for sefC gene, 12 (57.14 %) for sopE
(Fig. 6) and 1 for sopB (4.76%). Serotyping of the
isolates revealed the predominance of S. Enteritidis
(11, 52.38%) followed by S. Agona (4, 19.05%),
S. Kentucky (3, 14.28 %), S. Fayed (2, 9.52%) and
S. Typhimurium (1, 4.76%).
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Fig. 25. Detection of sopE (398bp) gene of
Salmonella. Lane 1- Marker, lane 2-15-isolates

Purification and identification of immunogenic
proteins from C. jejuni
The culture filtrate of C. jejuni was precipitated
using ammonium sulphate precipitation method
(70%) and collected precipitate was dialyzed using
dialysis membrane (3,500 MWCO) at 4ºC

Fig.26. Dark green band showing the immunogenic
proteins extracted from C. jejuni isolated from
poultry developed after Western blotting. Lane 1:
Protein marker, Lane 2-8: extracted proteins

Table 19. Performance of broiler in different treatment groups
Traits

Body weight at 21 days (g)
Body weight at 28 days (g)
Body weight at 35 days (g)
Body weight at 42 days (g)
Body weight at 49 days (g)
Cumulative FCR
Mortality (%)
Eviscerated yield (%)
Dressing yield (%)
Liver weight (% of live wt.)
Gizzard weight (% of live wt.)
Heart weight (% of live wt.)
Spleen weight (% of live wt.)
Bursa weight (% of live wt.)

Treatment Groups
T0

T1

T2

T3

T4

T5

486.00±8.81
869.31±14.18
1201.79±19.62
1539.82±30.17
1931.73±39.70
1.90±0.06
1.33±0.88
64.77±1.14
70.86±1.25
2.73±0.23
2.58±0.16
0.78±0.07
0.31±0.07
0.47±0.02

481.50±9.03
872.17±17.01
1155.00±16.23
1443.33±30.93
1790.83±46.31
2.13±0.11
Nil
66.58±2.30
72.48±2.24
2.79±0.18
2.41±0.22
0.70±0.03
0.28±0.06
0.43±0.02

485.83±9.70
898.57±17.69
1169.64±16.48
1466.35±32.52
1891.35±46.66
1.99±0.09
1.33±0.33
64.96±1.92
71.22±2.29
2.90±0.22
2.50±0.44
0.85±0.05
0.37±0.06
0.40±0.08

471.00±9.78
837.24±15.52
1152.59±17.91
1456.73±32.00
1857.00±43.58
2.00±0.07
1.67±0.67
64.23±1.68
70.38±1.84
2.76±0.21
2.46±0.04
0.93±0.04
0.37±0.07
0.44±0.01

474.83±10.97
855.83±19.60
1207.50±24.54
1470.00±34.93
1760.00±53.81
2.16±0.05
Nil
68.43±1.36
74.63±1.02
2.52±0.05
2.92±0.33
0.76±0.06
0.42±0.04
0.39±0.07

493.679.73
886.83±15.38
1209.17±22.66
1490.00±27.03
1877.73±39.45
2.01±0.06
Nil
65.04±2.58
71.64±2.40
2.73±0.13
2.82±0.07
1.05±0.10
0.29±0.05
0.45±0.03
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FISHERIES
Induced breeding of some native endangered
fish species of North Eastern hill for aquaculture
and conservation
This umbrella project is taken with the objective
to standardized seed production technology of
Channa barca, Olyra longicaudatus, Osteobrama
balangeri and Ctenops nobilis. Till now seed
production technology for Osteobrama balangeri
is standardizes and for other species work is in
progress. Breeding and seed production of Pengba,
Osteobrama balangeri under captive condition
(Table 1)

groups. From the above experiment it can be
inferred that the stocking density of 60 fingerlings
per 0.06 ha (1000 fingerlings /ha) is ideal for paddy
cum fish culture in the low-lying paddy cum fish
culture in present condition.

Table 1. Suitable dose of different inducing
agent for Pengba breeding (inducing
agents/ kg body weight)
Fishes

PG extract

Ovaprim Ovatide

Wova-FH

Male
Female

10 mg
3.0 mg

0.5 ml
0.2 ml

0.6 ml
0.3 ml

0.6 ml
0.3 ml

Preliminary trial on paddy-cum-fish culture
under integrated farming system.
A paddy-cum-fish culture trial was undertaken
in an area of 0.24 ha for 120days. Total area was
divided in to four plots of each measuring 0.06 ha
(Fig. 1). A middle trench with an area of 15 m2 and
1 m deep was excavated for shelter of fishes in all
the four plots. This study was conducted to optimise
the stocking density and to observe their growth in
a zero input paddy cum fish culture system in lowlying paddy field. Common carp fingerlings were
released at different stocking densities viz. (T-1)
150, (T-2) 120, (T-3) 90 and (T-4) 60 randomly in
to four experimental units. T-4 was considered as
control group. Before releasing fingerlings their
average length and weight were recorded (avg.
length = 9.7 cm and avg. weight= 16.5 g.). Monthly
sampling was done to find out their health condition
and their increment in growth. At the end of fourth
sampling, data were analysed and it was found that
the difference in their growth rate in the first two
months were not significant whereas in the third
month onwards there was a significant growth
difference. In the control group, the growth was
comparatively better than other three experimental

Fig.1. Paddy-cum-fish culture plot

Cryopreservation of Chocolate Mahseer
(Neolissochilus hexagonolepis ) milt
A preliminary study was undertaken to evaluate
different concentrations of NaCl on activation of
sperm motility in Chocolate Mahseer. The
concentration of NaCl studied was 10, 25, 50, 75,
100 and 200 mM. Fresh milt was collected from
mature Chocolate Mahseer (n=10) as per the
standard hand stripping method, during October
to November months. Fresh milt was divided into
two parts; part one was used for sperm activation
studies while part two was centrifuged and sperm
and seminal plasma were separated for protein
profile studies. Part one of each milt was split into
six sub parts and extended in 10, 25, 50, 75, 100
and 200 mM NaCl solution. The parameters studied
were sperm motility and latency period. Results
revealed that maximum sperm were non motile in
fresh milt. Upon mixing different molalities of
activating solution the sperm motility was
activated. Among the different concentration of
activating solution, 50mM NaCl was found to be
the best concentration for activation of sperm
motility. The latency period in this group was 1 to
2 seconds and the percentage of sperm motility was
more than 80%. In 75mM NaCl solution added
group oscillatory and circular motion of sperm was
very much evident. There were no motile sperm in
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the concentration of activating solutions containing
more than 100mM NaCl. It may be inferred from
the result of the present study, that 50 mM NaCl
can be used for activation of sperm motility in
Chocolate Mahseer.
Isolation of Aeromonas hydrophila from fish
Aeromonas hydrophila, a causative agent of fin
rot, haemorrhagic septicaemia, ulcerative
syndrome or dropsy in freshwater fish, has also
been reported to cause septicemia and
gastroenteritis in man and animals. To assess the
quantum of problem in fish of North Eastern region
of India, a total of 305 fish samples comprising
fish meat, fish intestine, fish liver, fish gill, dry
fish and fermented fish were screened for the
presence of A. hydrophila. 7.54% of the samples
were found positive for A. hydrophila. All isolates
were sensitive to chloramphenicol (30mcg),
ciprofloxacin (5mcg) and streptomycin (10mcg),
however, 20 (86.9%) isolates were resistant to
tetracycline (10mcg). Plasmid analysis showed the
presence of single plasmid at around 23kb in all
isolates. The isolates were also screened using
published primers for presence of 16S rRNA gene
and virulence-associated aerA, ahh1 and asa1
genes, which encode for aerolysin and haemolysin
proteins. Out of 23 isolates, 13 showed the presence
of 16S rRNA, ahh1gene, 2 for aerA and 1 for
asa1gene (Fig.2 & 3).

Fig. 2. Fresh water fish showing symptom of
ulcerative syndrome

Plasmid profiling and RAPD (Randomly
amplified polymorphic DNA) analysis of
Aeromonas isolates: The alkali-lysis method of
plasmid DNA isolation resulted in high yield of
plasmids. Eighty six percent Aeromonas isolates
contained plasmid DNA of varying sizes ranging
from 23.13 to 2.0 Kb. The RAPD analysis revealed
that amplicon sizes ranged from 250 bp to 2.9 Kb
with a common >250 bp fragments in all the isolates

Fig. 3. Detection of 16S rRNA (356 bp) and toxin
genes ahh1 (130 bp), asa1 (249 bp) and aerA (309
bp) in A. hydrophila in fish samples by multiplex PCR
method. Lane (1-7): isolated cultures; M: 100 bp
DNA ladder

and 75% similarity was observed in all the
representative isolates.

PUBLIC HEALTH
Detection of E.coli in water samples
Sixty water samples from different sources were
collected aseptically from Guwahati city and were
screened for the presence of E. coli. Out of these,
20 samples were positive for E. coli. The serotyping
of the isolates revealed the predominance of
serotype O14 (10, 50% isolates) followed by O28
(7, 35% isolates) and O147 (1, 5% isolate). The
isolates were tested against 21 different antibiotics.
Antibiotic resistance was highest against
sulphadiazine (100%), cephaloridine (100%) and
penicillin G (100%) followed by nitrofurantoin
(95%), ampicillin (80%), carbernicillin (20%) and
co-trimoxazole (5%). The isolates were highly
sensitive to polymixin B, chloramphenicol,
amoxycillin, norfloxacin, ciprofloxacin,
cephotaxime and other antibiotics showed varying
results. The presence of drug resistant E. coli
serotypes in potable water is of public health
concern in the region. Plasmid analysis of the 20
isolates showed the presence of two types of
plasmid (approx. MW 23 and 9 Kb) in 10 of the
isolates.
Occurrence of zoonotic organism in foods of
animal origin
The analysis of 371 meat samples (97 beef, 99
pork, 136 chicken meat and 39 goat meat) revealed
that 18 (4.8%) samples were positive for L.
monocytogenes (Fig 1), 15 (4.0 %) for mesophilic
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Aeromonas spp, 43(11.5%) for thermophilic
Campylobacter spp., 14 (3.7%) for Salmonella spp,
15 (13.7%) for E. coli and 1 (0.2 %) for Y.
enterocolitica.

Invasion-associated marker (IAM) of
Campylobacter strains has been associated with
adherence and invasion (Figs 3 & 4).

Fig. 3. PCR detection of virB11 gene (494bp) of
Campylobacter jejuni. Lane 1- Marker, Lane 2-9
test organisms

Fig.1. Detection of hlyA (234 bp) and iap (131 bp)
genes in L. monocytogenes isolated from fresh
water fish by PCR. Lane (1-11): isolated cultures;
M: DNA Ladder

The bacteriological analysis of 34 samples of
milk and milk products revealed that 5.9 % samples
were contaminated with Salmonella spp., 20.6 %
with Staphylococcus aureus and 17.6% with E. coli.
The isolates showed a varying degree of sensitivity.
The isolates were examined for the presence of
various virulence genes by PCR based detection
method to know their pathogenic potential.
Several genes have been identified as virulent,
pathogenic and important for adherence and toxin
production in Campylobacter. The cdtA, cdtB and
cdtC genes have been identified for expression of
cytotoxin production. The flaA (Fig 2), cadF
(Campylobacter Adhesion to Fibronectin F), and
racR (Reduce Ability to Colonize R) genes have
been identified to be responsible for expression of
adherence and colonization. The products of virB11
and pldA (Phospholipase A) genes help in invasion.

Fig 2. PCR detection of flaA gene (450bp) of
Campylobacter jejuni. Lane 1- Marker, Lane 2-16
test organisms

Fig. 4. PCR detection of iam gene (518bp) of
Campylobacter jejuni. M- 100bp Marker, Lane (111) test organisms

AGRICULTURAL ECONOMICS
Validation of technology in rice
Participatory trial on aromatic rice variety in
lowland
Seven lines of fine grain aromatic rice
developed by ICAR Research Complex viz. AR1,
AR2, AR3, AR4, AR5, AR6 and AR7 were tested
at Saiden village (Meghalaya). AR3 performed
better than AR2 and AR6. Average yield obtained
from AR3 was 3.19 t/ha followed by AR6 (3.01 t/
ha) and AR2 (2.91 t/ha). AR3 was found
significantly superior to other two genotypes
Farmer perceptions about aromatic variety
The farmers’ perception about aromatic rice
variety was collected and analysed. Majority of the
farmers (85-95%), have opined that these aromatic
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lines can be fitted in the existing cropping system
since the duration of the variety matches with the
popular HYV (Ranjit, Shahsarang). Besides these
lines are also having good cooking quality and
higher market value as compared to prevailing rice
variety.
Trial on low input management with paddy rice
varieties JR-2, Shasarang, and Ranjit under
lowland at Saiden village
Results of the experiment indicated that under
low input (NPK 30:20:20 kg/ha) management,
Ranjit gave the highest yield (3.72 t/ha) in the
second consecutive year followed by Shahsarang
(3.67 t/ha), JR-2 (3.55t/ha) and local (2.67t/ha)
among the varieties tested. Shahsarang was at par
with JR-2 but significantly different from local
variety in yield. The results of the 3rd year trial
confirmed that Ranjit and Shahsarang were better
choices since both varieties had advantage in term
of yield and 10days earliness in maturity.
Economic analysis of variety under low-input
management in lowland condition of
Meghalaya.
The cost of cultivation data was collected from
the farmers along with the yield data to compare
the net return received from different varieties. It
is clear from the analysis, that the highest net return
was obtained from the variety Ranjit, which gave
the net return of Rs. 15,880/ha, followed by
Shasarang (Rs. 15,430/ha). The net income
received from the variety JR-2 was Rs. 14,620/ha
and the local variety gave only Rs. 8,130/ha.
Integrated pest management of stem borer in
rice
The trials were conducted in lowland in
Meghalaya at Saiden and Kyrdemkulai. Three
treatments viz.T-1 (Carbofuran 3G), T-2
(Trichogramma) and T-3 (control) were included
in the trials. In all the locations, bio-agents
Trichogramma @ 50000/ha were applied. Higher
grain yield was recorded in application of
Carbofuran in both locations Saiden (4t/ha) and
Kyrdemkulai (3.8t/ha). The application of
Trichogramma has given the yield to the tune of
3.9t/ha in Saiden and 3.7t/ha in Kyrdemkulai.
However there was no significant difference
between T-2 and T-3.

Crop rotation trial
To assess the performance of tomato and
capsicum varieties under rice based farming
system, one hundred twenty demonstrations on
improved production technology of tomato and
capsicum were conducted after harvesting of the
paddy of three different varieties viz., Shahsarang,
Lumpnah, and Pankaj in Saiden, Yrdemkulai and
Mawlasnai villages. The tomato variety Rocky
recorded yield (23.8 to 24.1 t/ha) whereas, yield
from variety Avinash ranged from 23.3 to 26.0 t/
ha. The average yield of capsicum ranged between
22.9 to 23.9t/ha. The maximum yield in paddytomato crop rotation was with variety Ranjit +
Avinash (3.8 +26 t/ha) giving a gross return of Rs.
1,56,742/ha whereas, in paddy-capsicum crop
rotation maximum yield and gross return was with
Shahsarang + California Wonder (3.4 +23.9 t/ha)
and gross return of Rs. 2,62,090/ha.
Participatory trial on weed competing rice
variety RCPL1-129 in upland
A participatory trial was conducted in Umtham
village. In this experiment, one weeding was done
after 25 days. RCPL1-129 gave the highest yield
3.36 t/ha in comparison to local variety (2.12t/ha).
The average yield of the variety was 3.19 t/ha as
compared to the local check yield of 1.89 t/ha.
However, the farmers viewed that if this variety
can be planted in the 3rd week of June then it would
be more suitable than normal time of sowing of
the variety which is during May.
Participatory variety selection trial on upland
rice varieties
Participatory variety selection trial on upland
rice varieties was repeated during 2008 to confirm
the previous result. In this trial, total 11 entries were
tried in 3 locations with minimum five replications.
In all locations, the variety RCPL1-119 having
maturity between 135-138 days gave the highest
yield in the range of 3.37- 4.48 t/ha. This year the
performance of all varieties was extremely
outstanding in all locations. However, the
performance in Mawlasnai village was very high.
Even the local variety in the experiment gave the
yield in the range of 2.6-3.0 t/ha showing that the
timely sowing accompanied with conducive
environment the yield potential with full package
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technology in upland could be realised as high as
3.0 to 4.5 t/ha in the experimental plot which may
be validated in larger area.
Up scaling of technology
In order to spread over the technology, a large
number of demonstrations in upland as well as
lowland were conducted for up scaling of
technology that has been identified by the farmers
as a potential technology.
Full package demonstration in low land rice
Altogether 30 demonstrations were conducted
in four locations viz., Saiden, Mawlasnai,
Kyrdemkulai, with variety Shahsarang, Ranjit,
Lumpnah and Aromatic Rice (AR-3). In Saiden
village, the variety Ranjit, Shahsarang, AR-3 and
Lumpnah were tried whereas in Kyrdemkulai only
Shahsarang and Lumpnah were used. The average
yield of demonstration from variety Ranjit was 3.7
t/ha, with 51.63 % increase in yield over local
check, where as demonstration yield obtained from
variety Shasarang was 3.35 t/ha, from village
Kyrdemkulai. The increase in yield over local
check ranges from 44.00 to 47.32 %. Performance
of Aromatic Rice variety was also found
satisfactory as far as yield of the variety is
concerned. The average yield of aromatic rice
variety AR- 3 was 2.95 t/ha against local check
(2.5 t/ha).
The farmers of Kyrdemkulai and Mawlasnai
prefer variety Shahsarang, since this variety gave
higher yield and had less disease and insect-pest.
It is also well suited to cropping season. The
farmers of Saiden village also prefer Shahsarang.
However, they preferred Ranjit to Shasarang due
to marginal superiority of the variety in their ecosystem. All the farmers also preferred the aromatic
line. As far as taste and cooking quality is
concerned, farmers found these varieties had good
attributes.
Component demonstration (replacement of
local variety with HYV variety)
Two hundred and thirty five demonstrations
were conducted with HYV (Shahsarang, Lumpnah,
Ranjit and JR-3) with existing practices to evaluate
the performance of the varieties. These
demonstrations were conducted in 13 locations,
viz., three in Saiden, Kyrdemkulai and Mawlasnai
and 10 locations of IFAD villages. The average

yield of demonstration was 3.35 t/ha in Saiden from
variety Shahsarang, 3.25 t/ha from Lumpnah and
3.35 t/ha from Ranjit. In Kyrdemkulai, the average
yield of Shahsarang and Lumpnah was in the tune
of 3.15 and 3.2 t/ha respectively. The yield obtained
from 10 IFAD villages of the variety Shahsarang
was 3.39 t/ha which was 37% higher over local
variety yield indicating that if the farmers only can
replace the variety they can realized more yield as
well as income. The variety Shahsarang has shown
wider adaptability since it can be grown upto 1000
msl. The yield of JR-2 was recorded lower than
other three varieties.
In addition, 30 demonstrations under weed
management with chemical 2,4-D and one manual
weeding were demonstrated at three locations. In
all locations, 37 to 42 % higher yields were
recorded over farmers’ practice. The variety Ranjit
was used in Saiden whereas in Kyrdemkulai and
Mawlasnai Shahsarang was considered for the
trials.
Biological control of rice stem borer using
Trichogramma was up scaled to 25 farmers (10
each at Saiden and IFAD adopted village and 5 at
Kyrdemkulai). Biological control was also
compared with chemical control and no control
measures. Variety used was Ranjit at Saiden and
Kyrdemkulai and IFAD was Shahsarang. Yield
obtained after adopting chemical control was
significantly different from control. However, there
was not significant difference between biological
method and farmers’ practices (control). At the
IFAD village differences among the treatments
were not significant
Full package demonstration on upland paddy
var. Bhalum 1
The trials were conducted at three locations;
Saiden, Kyrdemkulai and Mawlasnai. Altogether
15 demonstrations were conducted. The crop was
sown in the 3rd week of June and harvested in last
week of October to first week of November. The
increase in yield over local check was as high as
113% in Mawlasnai as compared to 85% in Saiden
and 76% in Kyrdemkulai. The gross income ranged
from Rs. 27,450 to Rs. 28,980/ ha.
Demonstration on ginger var. Nadia
Altogether 40 demonstrations were conducted
at four locations; Saiden, Kyrdemkulai and two
IFAD villages. The average yield of demonstration
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ranged from 21 to 29 t/ha with the increase in yield
over local variety in the range of 115 to 130%. The
average yield of farmers’ practice was in the range
of 9.0-9.5 t/ha. The gross income was estimated to
be in the range of Rs. 1, 98,000 to Rs 2, 10,000/ ha
showing that ginger crop has great potentiality to
increase the income of tribal farmers.
Demonstration trial on groundnut var. ICGS76
Fourty demonstrations were conducted in 4
locations, Saiden, Kyrdemkulai and two IFAD
villages. It is clear from the analysis that the average
yield of demonstration ranges from 23.45 to 25.87
q/ha with the increase yield over local variety
ranges from 68 to 85 %. The average yield of
farmers’ demonstration was in the range of 90-95
q/ha. The gross income was estimated to be in the
range of Rs. 46,900 to Rs 51,560 per hectare.
Demonstration on soybean var. JS-335
Altogether 30 demonstrations were conducted
at 4 locations; Saiden, Kyrdemkulai and two IFAD
villages. The average yield in demonstrations
ranged from 1.83 to 2.0 t/ha with the increase in
yield over local variety in the range of 38 to 60%.
The yield with farmers’ practice ranged from 1.25
to 1.35 t/ha. The gross income was estimated to be
in the range of Rs. 36,500 to Rs 40,600/ ha.
Demonstration on turmeric var. RCT-I
Altogether 40 demonstrations were conducted
at four locations; Saiden, Kyrdemkulai and two
IFAD villages. The result is presented in Table 35.
It is clear from the table that the average yield of
demonstration ranges from 27 to 31 t/ha with the
increase in yield over local variety in the range of
143 to 177 %. The average yield of farmers’
practice ranged from 11 to12 t/ha. The gross income
ranged Rs. 2, 16,000 to Rs 2, 48,000/ha.The
turmeric crop showed great potential for increasing
the income of tribal farmers.
Production of quality seeds through seed village
programme
The large-scale demonstrations conducted at the
project site and around have created huge demand
of quality seed of the varieties demonstrated, viz.,
Shahsarang and Lumpnah. In addition, Department

of Agriculture, Govt. of Meghalaya has shown
keenness to upscale the variety Shahsarang. There
was immediate demand of 10 t quality seeds of the
variety Shahsarang. Two locations, one in Saiden
and the other in Mawlasnai were identified and
accordingly 7t quality seeds of Shahsarang variety
were produced during the kharif season 2008 under
the supervision of ICAR scientists in a participatory
mode. In the production programme farmers were
given training, provided literatures for seed
production. The seed produced in the seed village
will be given to the stakeholders at competitive
price.
Economics of organic versus conventional
production of vegetables
The cost of cultivation of organic vegetables
(mainly cabbage, cauliflower, carrot, radish and
pumpkin) was estimated to be Rs 35,861/ha (Table
1). Labour charge was the major cost component,
which accounted for nearly half of the total cost
followed by manures (30%), seeds (16%) and
organic pesticides (5%). Manures included FYM,
vermicompost and poultry litter, which were
prepared within the farm itself. Organic pesticides
like, neem and tobacco formulations were applied.
The profitability in terms of gross return Rs 88,000/
ha and net return Rs 52139 was found to be
encouraging under this organic farming system.
The productivity of vegetables under organic
cultivation was calculated to be higher than the
conventional practices mainly due to growing some
bulky vegetables (e.g., pumpkin, cucumber) under
this system. However, it is expected that the farmers
would be interested to be specialized and would
grow a few vegetables, rather than growing a
mixture of various crops, based on the profitability
of those crops. Therefore, the economics of
individual vegetables such as cabbage, cauliflower,
and potato was also calculated based on the data
provided by the farmers. It is expected that
cultivation of the mixture of vegetables under
organic farming system would give economic
return almost at par with the conventional practice
or even better. Moreover, growing a number of
crops may act as some kind of insurance under the
unfavourable situation such as, price fall or heavy
damage due to disease and pest infestation Thus,
the vegetable cultivation under organic farming can
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Table 1. Economics of organic (under conversion) vs. conventional production of vegetables
(Rs/ha)
Particulars

Organic

Inorganic

Vegetables*
Labour
17618(49.13)
Manure (FYM, Vermicompost, 11045(30.79)
poultry manure)
Fertilizer (Urea, SSP, and MOP) 0
Pesticides
0
Seed
5582(15.57)
Organic pesticides
1616(4.51)
(neem/tobacco formulation)
Total cost
35861(100)
Total production (t/ha)
22.0
Gross return
88000
Net return
52139
Cost of production (Rs/kg)
1.63
Output / Input ratio
2.45

Tomato

Capsicum

Cabbage

Cauliflower Potato

25600(46.21) 24200(52.27) 11200(37.33) 10500(34.33) 22400(40.65)
12000(21.66) 8000(17.28) 6000(20.00) 8000(26.16) 6000(10.89)
4350(7.85)
2650(4.78)
10800(19.49)
0

4350(9.40)
2250(4.86)
7500(16.20)
0

3500(11.67)
2300(7.67)
7000(23.33)
0

4182(13.67)
2300(7.52)
5600(18.31)
0

5100(9.26)
3600(6.53)
18000(32.67)
0

55400(100)
30.5
152500
97100
1.82
2.75

46300(100)
23.6
236000
189700
1.96
5.10

30000(100)
20.0
60000
30000
1.50
2.00

30582(100)
20.0
84000
53418
1.53
2.75

55100(100)
15.0
78750
23650
3.67
1.43

*Includes cabbage, cauliflower, carrot, radish and pumpkin mainly

be taken up in Meghalaya provided the supply of
manures and labour is adequate and available
preferably within the farm itself.
Economics of organic vs. inorganic production
of spices
The economics of ginger cultivation under
organic farming system indicated that during
conversion period the productivity loss (1.5 t/ha)
would be of considerable amount, as compared
with the cultivation of ginger following the
improved and recommended practices. The

profitability under inorganic farming system in
terms of net return (Rs 77,300) was higher than
the net return realized under organic farming
system (Rs 61,730) (Table 2). However, in
Meghalaya mostly farmers grow ginger without
using any inorganic inputs, therefore, farmers are
not supposed to suffer yield loss problem in a
greater magnitude and the problem may be resolved
through realization of expected price premium.
Thus, cultivation of organic ginger may be
promoted to the farmers of Meghalaya. In fact,
Spice Board has already taken up necessary steps

Table 2. Economics of organic (under conversion) vs. conventional production of spices
(Rs/ha)
Particulars

Labour
Manure (FYM, and poultry manure)
Fertilizer (urea, SSP, and MOP)
Pesticides
Seed
Total cost
Total production (t/ha)
Gross return
Net return
Cost of production (Rs/kg)
Output / Input Ratio

Organic

Inorganic

Ginger

Turmeric

Ginger

Turmeric

21270(49.73)
2500(5.85)
0
0
19000(44.42)
42770(100)
5.5
104500
61730
7.78
2.44

22150(51.10)
3200(7.38)
0
0
18000(41.52)
43350(100)
5.3
424000
380650
1.84
9.78

25200(51.75)
2500(5.13)
2000(4.11)
1000(2.05)
18000(36.96)
48700(100)
7.0*
126000
77300
6.96
2.59

25200(53.77)
2800(5.97)
1665(3.55)
2200(4.69)
15000(32.01)
46865(100)
6.0
84000
37135
7.81
1.79
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to promote the cultivation of organic ginger and
turmeric in Meghalaya through various functioning
NGOs. Ginger variety such as, Nadia and local
ginger are being promoted to grow organically as
these varieties have the natural advantages to be
grown suitably in the state. Like ginger, turmeric
(particularly variety Lakadong) has also good
potential for growing organically, which has both
favourable economic as well as market potential.

domestic product of the agricultural sector in states
like Andhra Pradesh, Bihar, Gujarat, Himachal
Pradesh, Karnataka, Kerala, Madhya Pradesh,
Rajasthan and Utttar Pradesh. The percentage share
of fishing also increased significantly in several
states including Bihar, Gujarat and West Bengal.
Considering the country as a whole, the animal
husbandry and fishery contributed about 15 % and
2.1 % to GDP respectively. However, there is
marginal increase/decline in animal husbandry in
north-eastern states. In recent years, there has been
renewed emphasis on promotion of diversified
agricultural growth in favour of horticultural and
vegetable crops.
It could be further seen that overtime, while the
proportion of area under foodgrains declined from
74 % in 1975-76 to 66.5 in 2006-07 mainly due to
the declining area under crops like jowar, bajra,
barley, millets and pulses, there has been a steady
upward trend in the growth of area under oilseeds
and fruits and vegetables. The area under fruits and
vegetables increased from about 1.9 % of the total
cropped in 1975-76 to 3.9 % in 2006-07. However,
area under rice among cereals maintained an
upward trend due to relatively higher yield and
economics of growing HYV rice. In fact, wherever
irrigation facilities are available, crops like rice,
sugarcane, fruits and vegetables find favour with
farmers, irrespective of their size of holdings.It
could be seen from the table 3 that the area put to
agricultural use was significantly low in NE states
compared to all India level of 46.73 %. It was
highest in Tripura (22.90 %) and lowest in
Arunachal Pradesh (2.04 %). There was moderate
increase in net sown area in most of the NE states

Study on farm diversification in northeastern
hill states of India
The present study was done to analyse the nature
and extent of farm diversification, problems and
prospects of diversification of farm in northeastern
states of India.
Nature and extent of agricultural diversification
‘The share of agriculture in GDP is higher in
north-eastern states as a result of comparatively
lower industrial growth in these states. Table 3
further shows that the decline in the share of
agriculture in GDP is higher than the decline in
labour force in agriculture. This coupled with
population growth has led to an increase in the no.
of workers/ha of land in the country as well as for
the north-eastern region.
It could be further seen from Table 10 that
within the country also, the pace of agricultural
diversification in India varied widely from region
to region. Although crop production accounts for
the lion’s share in GDP of the agricultural sector
in all the states, in recent years there has been a
phenomenal growth in the contributions of animal
husbandry and poultry to the net aggregate

Table 3. Share (%) of agriculture in net domestic product and employment in north eastern states
State

Arunachal Pradesh
Manipur
Meghalaya
Mizoram
Nagaland
Sikkim
Tripura
All India

Net domestic product

Employment

1970-71

1980-81

2006-07

1970-71

1980-81

2006-07

59.1
48.0
70.0
49.2

44.7
37.8
28.69
45.6
36.3

44.5
29.1
17.4
38.7
31.6

80.3
67.0
78.9
79.0
85.6
74.3
69.7

69.6
64.2
68.6
67.4
71.9
61.4
61.8
60.5

64.0
62.5
64.1
55.8
73.4
64.3
57.6
58.9

Source: CMIE Publications (various issues)
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during 1975-76 to 2006-07 although all India level
remained more or less stagnant. This shows that
land was either made suitable for cultivation
through land development activities or was
considered suitable (exploitation motive) for
cultivation in these states. The area under forests
increased from low to moderate in NE states and
significantly higher than all India averages (21.98
%). The cropping pattern in NE states except
Sikkim remained highly specialized in foodgrains.
In Arunachal Pradesh, Meghalaya, Mizoram,
Nagaland and Tripura, pulses and oil seeds gained
area mainly through a shift away from rice. Unlike
other states, Sikkim experienced drastic decline in
area under foodgrains crops, the reason being
diversification towards horticultural crops and
spices. However, the contribution of fruits and
vegetables in the cropping pattern remained more
or less stagnant over the period of study.

to this institute to help them have the first hand
experience of scientific farming and animal rearing.
Socio economic profile of vegetables growers of
Meghalaya
It was found from the table 1 that majority of
vegetable growers belonged to the middle age
group having medium size family, medium level
education, small size land holding . Major
vegetables grown were tomato, capsicum, French
bean sold in local market with the less remunerative
prices. They have medium social participation and
low mass media exposure.
Table 1. Socio economic profile of vegetables
growers of Meghalaya (N=120)
Varaibles

Categories

F

Age

Young (Up to 40)
Middle (41-50)
Old (51 and above)
Small
Medium
Large
Low
Medium
High
Small
Medium
Large
Tomato
Capsicum
French Beans
Chillies
Cauliflower
Cabbage
Ginger
Turmeric
Local market
Weekly mmrket
Shillong market
Regulated market
Small
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High

32
26.67
62
51.66
26
21.67
33
27.50
61
50.83
26
21.67
42
35.00
57
47.50
21
17.50
60
50.00
40
33.34
20
16.67
160
83.34
60
50.00
111
92.50
40
33.33
35
29.16
35
29.16
119
66.16
52
43.33
78
65.00
75
62.50
120 100.00
40
33.33
72
60.00
20
16.66
20
16.66
67
55.83
28
23.33
25
26.83
31
25.83
62
51.66
27
22.50
51
42.50
48
40.00
21
17.50

Family Size

TRANSFER OF TECHNOLOGY

Education

The Agricultural Extension Division has given
emphasis on research, training and extension for
the development of villagers during this year. This
has helped the farmers of the adopted villages to
transform the existing cultivation and animal
rearing practices into a scientific one to gain
noticeable profit out of various enterprises. Besides
this the division has also worked on need based
research projects to find out the potentiality of
different social systems in accepting/adopting
modern agricultural and related practices. To help
the farmers acquire adequate skill and knowledge
a number of training programmes both in the
institute as well as in the farmers field have also
been conducted as per the need and requirement
of the farming community. To make the farmers,
of this state in particular and the region in general
, aware the division on behalf of this institute has
taken part in different exhibitions to display various
technologies available with this institute and to
persuade the farming community the benefit of such
technologies when adopted in their respective
fields. The farmers, students, entrepreneurs and
others have been entertained by conducting visit

Land Holding

Vegetables

Marketing

Market supplier

Prices

Social participation

Mass media
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Major crops grown
Farmers were growing tomato, capsicum,
French beans, chillies, ginger, turmeric,
cauliflower, pumpkin, brinjal. and cabbage for
selling in the different markets. Beans, tomato and
ginger were the major crops grown by more that
90 percent farmers given in the table 2.
Table 2. Major crops/vegetables grown by the
farmers (N=120)
Categories

F

P

Tomato
Capsicum
French beans
Chillies
Ginger
Turmeric
Cauliflower
Pumpkin
Brinjal
Cabbage

80
62
87
51
93
48
20
36
24
25

83.34
50.00
92.50
33.33
77.50
40.00
66.66
30.00
20.00
20.83

Major markets for selling of produce by the
farmers
The information presented in the table -3
indicated that the small and medium farmers were
selling their produce in the local markets followed
by Bara Bazar, Bhoirymbong markets. The large
farmers were selling their produce in the Bara
Bazar, Bhoirymbong and sometimes in regulated
market also. This was because of low production
in case of small farmers and high production in
case of large farmers and more accessibility to the
market.

Mode of marketing
Most of the farmers were selling their produce
individually in local market or in Bara bazaar. Some
farmers have made a self-help group for selling
their produce. Some farmers sell their produce to
the collection center in the village. It can be said
that there were changes in the marketing of produce
but very slow (Table 4).
Table 4. Mode of marketing (N=120)
Group
Individual
Seller in village

10
90
20

8.33
75.91
16.66

Modules for the demand driven commodities
Module-1 for the tomato
1. Small farmers
2. Individual / community based/group
approach for production
3. Group approach for searching of market for
selling of produce
4. Group approach for marketing of produce
to get the remunerative price
Module-2 for the tomato
1. Large farmers
2. Individual approach for production
3. Individual approach for searching of market
for selling of produce
4. Individual approach for marketing of
produce

Table 3. Major markets for selling of produce by the farmers (N=120)
Category

Size
Small

Local Market
Field
Bara Bazar
Umsung Market
Mawlasnai Market
Bhoirymbong Market

Medium

Large

Farmer

Produce

Farmer

Produce

Farmer

Produce

101
30
70
10
20
50

84.16
25.00
58.33
16.66
16.66
41.66

98
20
80
30
30
80

81.66
16.66
66.66
25.00
25.00
66.66

10
0
104
40
40
80

8.33
0.00
86.66
33.33
33.33
66.66
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Module-1 for the capsicum
1. Small farmers
2. Individual / community based/group
approach for production
3. Group approach for searching of market for
selling of produce
4. Group approach for marketing of produce
to get the remunerative price
Module-2 for the capsicum
1. Large farmers
2. Individual approach for production
3. Individual approach for searching of market
for selling of produce
4. Individual approach for marketing of
produce
Module-1 for the piggery
1. Small farmers
2. Individual / community based/ for rearing
of pig
3. Group approach for searching of market for
selling of produce
4. Group approach for marketing of produce
to get the remunerative price
5. Training programme for farmers on different
scientific management practices
Module-2 for the piggery
1. Large farmers
2. Individual approach for production
3. Individual approach for searching of market
for selling of produce
4. Individual approach for marketing
5. Training programmes on commercialization
of piggery enterprise.
Module-1 for the poultry production
1. Small farmers
2. Individual / community based approach for
rearing of poultry
3. Emphasis should given more on improved
breed of birds, feeding and other
management aspects for increasing
production
3. Group approach for searching of market for
selling of produce
4. Group approach for marketing of produce
to get the remunerative price

5. Training programme for farmers on different
scientific management practices
Module-2 for the poultry production
1. Large farmers
2. Individual approach for production
3. Individual for searching of market for selling
of produce
4. Individual approach for marketing
5. Training programme on commercialization
of poultry enterprise
Strategies for production of modules for
production of demand driven commodities
Following strategies can be used to for
production of commodities
1. Group approach will be most appropriate for
production of demand driven commodities.
2. Group approach should be followed in
selling of produce as majority of farmers are
having small holdings or landless
3. There is need to develop the warehouse/ cold
storage for the keeping the perishable
produce
4. Marketing network has to be established in
the villages
5. Farmers should be provided training for use
of information technology to get information
related to marketing so that accordingly
farmers can produce.
6. State government should give more
emphasis on the formation of SHG to
facilitate the farmers in respect of marketing.
7. There is need to have separate policy for the
small farmers and large farmers because
their need is different
8. Loan policy needs to be more flexible loan
for the poor farmers.
Gender based technological options and their
characterization in agriculture and allied sector
Nongsdher, Sawkilo, Sankilo and Mawkyrwat
were the four villages where the data was collected
through structured schedule by face-to-face
interview method. Altogether 80 farming families
were identified by using random sampling
techniques. The study revealed that 88% of the
respondents were engaged in agriculture and 12%
were engaged in government services. Further
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study revealed that 80% farmers were illiterate and
12% were educated up to graduation level. Fiftytwo
percent of the farmers belong to the general
category; these are Nepalese and Biharis, while
48% belong to the Schedule Tribe (ST) category.
Almost all the farmers had nuclear type of families.
Fortyeight percent of the farmers have their own
land and 52% of the farmers have lands on hiring
basis.
Major crops grown by the farmers were ginger,
potato, maize, vegetables and paddy. Livestock is
also an enterprise that the farmers were engaged
in. Major chunk of their income generated was
spent towards meeting their food requirement.
Majority of the farmers had a medium social
participation in the community. The farmers were
using local varieties of cereal crops like maize and
paddy but study revealed that all the farmers were
growing hybrid varieties of vegetables. It was
observed in the study area that women participation
was found higher than men in the ST category;
however it was reverse in the general category.
Major participation of women in ST category was
due to the fact that most of the families have areas
in the forest region away from their villages
therefore most of the time they venture out, which
is vice versa for the general category. The day-today decision-making was jointly made in the ST
category while men made most of the decisions in
consultation with their counterpart in decision
making for the general category. Study also
revealed that moist of the women preferred kitchen
gardening and poultry whereas male preferred
cereals production, piggery and dairy rearing. The
majority of the farmers lack in crop and livestock

rearing. Eighteen per cent respondents prefer
bakery, workshops, business and other services
whereas the remaining preferred agriculture due
to their illiteracy. Women are mostly house
managers tending to the needs of the families in
everyday life. The common health problems
occurring in their day to day life were common
cold, fever, headache, dysentery and other mild
forms of viral diseases, where almost 60% of the
of the people said that it hampered work. In terms
of work durations men work for a period of 8-9
hours a day while the women worked for duration
of 12-13 hours a day. Sixty per cent of women had
taken trainings. Most of the farmers preferred easy
to operate machines and less man powered
technology.
Exhibitions organized
• Exhibition was organized during the second
green revolution summit and agri expo
protech 2008 held at Science City, Kolkata,
West Bengal w.e.f. 24-26th September 2008.
• Exhibition was organized during North East
Agriculture Fair -2008 ICAR Research
complex for NEH Region, Sikkim centre
Gangtok, Sikkim w.e.f. 01-03rd Dec 2008
• Exhibition was organized during National
Conference on KVK w.e.f. 27-29 th
December 2008 held at GBPUA&T,
Pantnagar, Uttrakhand
• Exhibition was organized during 96th Indian
Science Congress held at NEHU, Shillong
w.e.f. 03-07th January 2009
• Exhibition was organized during Farmers’
Fair at ICAR Research complex for NEH

Table 5. Sponsored training programme organized
Name of sponsored programme

Date

Training programme on orientation of community about participatory
approach under SWAPAL sponsored by Water Management Division, under the
project sponsored by Ministry of Agriculture

10-16
December 2008

50

Training programme on orchid cultivation sponsored by Govt. of
Arunachal Pradesh

18
December 2008

25

Model training course on livestock based farming in hill agriculture for state
Govt. Officials sponsored by Directorate of Extension, New Delhi

09-16 February 2009

13
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region, Arunachal Centre, Basar, Arunachal
Pradesh w.e.f. 27-29th January 2009
• Field Day was organized on 11.11.2008 at
farmer’s field to show the productivity and
production of improved variety of rice.
Farmers were very much convinced about
the variety.
• Films were shown to the farmers for
adoption of scientific management of poultry
rearing and integration of different
component for increasing of income.

Demonstrations conducted
Name of crop/livestock Demonstrations
Paddy
Maize
Sweet potato
Pea
Lentil
Tomato
Capsicum
Broccoli
Carrot
Lettuce
Chilly
Lady’s finger
Fertilizer (Urea, DAP
and Potash)
Pig

Training organized
Training programme organized on different
aspect of agriculture for farmers, NGOs,
entrepreneurs, state government officials and other
line departments.

48
10
12
5
8
91
80
17
15
8
28
8

10
24 units
(72 pigs distributed)
Poultry (Kuroiler chicks) 3 units(940 nos)
Poultry (Broiler chicks) 4 units(740 nos)
Name of training

Date

Training programme on rice cultivation
Training programme on rice cultivation
Training programme on rice cultivation
Training programme on rice cultivation
Training programme on scientific cultivation of gerbera
Training programme on use of rapid soil testing kit
Training programme on horticultural crops
Training programme on Horticultural crop production for
Tripura farmers
Training programme on livestock production management
for Tripura farmers
Training programme on Horticultural crop production for
Tripura farmers
Training programme on crop production for Tripura farmers
Training programme on crop production for Tripura farmers
Capacity building programme for farmers of eastern
Nagaland district
Vocational training programme for school children of class X
passed from Assam,Meghalaya and Tripura

09.06.08
12.06.08
21.06.08
03.07.08
14.07.2008
25.08.2008
24.11.2008
25.08.2008

20
25
25
22
40
27
62
25

25.08.2008

25

23-25 June2008

10

16.06.2008
14-15 May 2008
16.04.2008

40
40
15

17th May2008

22
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BIODIVERSITY
Biodiversity of plant pathogens
Under a project on biodiversity of plant
pathogens, a survey was conducted. Many new
diseases were documented, and herbarium
established as ICAR Herbarium for North Eastern
Hills (ICARHNEH). At present 91 specimens are
preserved (Figs. 3&4).
Some new reports are (Figs. 1&2):
Anamorph of Podosphaera xanthii on
Momordica cochinchinensis

Anamorph of Erysiphe sp. on Begonia cucullata
var. hookeri
Botrytis cinerea on Chinese ground orchid
(Phaius tankervilliae)
Neoerysiphe cumminsiana on Conyza
canadensis
Anamorph of Podosphaera xanthii on Sechium
edule
Anamorph of Erysiphe sp. on Echeveria
agavoides
Anamorph of Golovinomyces cichoracearum on
Tithonia diversifolia

Fig.1. Powdery mildew on Echeveria agavoides

Fig.2. Botrytis cinerea on Chinese ground orchid
(Phaius tankervilliae)

Fig.3. ICAR Herbarium for North Eastern Hills

Fig. 4. Specimens in ICARHNEH
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ARUNACHAL PRADESH
WEATHER
Maximum rainfall was received in the month
of July (483.4mm) followed by June (354.8 mm).
Relative humidity was more in the morning hours
than in the afternoon and it varied from 67.5 %
(May) to 81.9 % (Feb) in the morning hours and
45.1 % (Jan) to 66.3 % (Dec) in the afternoon
period. The weather parameters of the Arunachal
Pradesh centre are presented in Table 1.
Table 1. Weather parameters of the Arunachal
Pradesh centre
Air temperature
(0C)

Relative humidity
(%)

Max

Min

0800 hrs

1400 hrs

18.4137.3
(26.14)

7.222.6
(14.17)

67.581.9
(76.94)

45.166.3
(62.30)

CROP
PRODUCTION
PROTECTION

Rainfall
(mm)

2547.90

AND

RICE
Effect of cultural management practices under
low input production system for wet land rice
An experiment was conducted to evaluate the
performance of four rice varieties (Lachit, Puja,
VL-61 and VL-225) with three cultural
management practices (i) One spading at the time
of transplanting (ii) Two spading-1st before 20 days
of planting and another at the time of transplanting
and (iii) Puddling with power tiller. All four
varieties were transplanted at spacing of 25 x 10
cm. FYM was applied @ 5 t/ha at the time of field
preparation and 20 kg nitrogen/ha was given at the
time of panicle initiation. The observations were
taken for growth, yield attributes, yield and weed
biomass. The maximum yield was recorded by VL61 + puddling (3.96 t/ha), Lachit + puddling (3.39

t/ha), Puja + puddling (3.02 t/ha), and VL-225 +
puddling (1.4 t/ha) followed by VL-61+2 spading
(3.53 t/ha), Lachit + 2 spading (2.93 t/ha), Puja+2
spading (2.87 t/ha) and VL-225 + 2 spading (1.2 t/
ha).The highest weed biomass was recorded by VL225 + one spading followed by Lachit + one
spading and VL-61 + one spading.The lachit was
again highly susceptible from rice blast and neck
blast. Highest insect infestation (rice gundhi bug)
was observed in VL-61 followed by Lachit.
Evaluation of organic sources of nutrients
supplied to rice-pea cropping system in wetland
condition
A field experiment was conducted with the use
of organic sources in rice-pea cropping system
under wetland rice cultivation at Basar. Two
varieties of rice (Luit and Vandana) and two
varieties of pea (TRCP 8 and Azad Pea1) were
evaluated with 5 treatment viz., control, green
manuring with Tephrosia, green manuring with
Crotolaria, green manuring with weeds and farmyard manure (FYM). All the organic manures were
applied @ 80 kg N/ha and the applied amount was
calculated on the basis of respective nitrogen
percent content (Tephrosia candida=3.57%,
Crotolaria tetragona = 3.23%, weeds = 1.87% and
FYM = 0.52% N). All green manure crops/weeds
(after chopping into pieces) and FYM were applied
into respective plots 15 days before transplanting.
The maximum grain yield was recorded by
Luit+ Tephrosia (4.06 t/ha)-green pods TRCP 8 +
Tephrosia (2.36 t/ha) followed by Luit+Crotolaria
(3.85 t/ha)- green podTRCP 8 +Crotolaria (1.98 t/
ha) and Vandana+Tephrosia (3.72 t/ha)-Green pod
AzadP1+Tephrosia (2.24 t/ha).The lowest grain
yield was recorded by Vandana + FYM (2.22 t/
ha)-greenpods Azad P1(1.63 t/ha). However
Luit+control yielded (2.17 t/ha)-Green podTRCP
8 (1.18 t/ha) followed by Vandana + control (2.05
t/ha) - green pod Azad P1+control (1.06 t/ha).
Studies on suitable cropping sequence
A field experiment with rice (Oryza sativa L.
var.Vandana) based cropping sequence viz. ricewheat (JRO-524), rice-pea (Azad Pea 1), riceFrenchbean (Anupama), rice-potato (Kufri Jyoti),
rice-mustard (TS-38), rice-winter maize (PHEM2), rice-tomato (Suraksha), rice-cabbage (Pride of
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India) conducted and tested for their performance
at Basar. Different crops and their varieties with
respective fertilizer doses were applied in upland
rice [FYM 5t + 50% RDF (60:40:40-N:P:K)],
maize (120:60:40), wheat (40:30:30), pea
(20:60:30), French bean (80:60:40), mustard
(50:60:40), tomato (76:60:75), potato (125:120:60)
and cabbage (60:60:40).
The highest grain yield was recorded by rice
(4.20 t/ha)-green pod Frenchbean (8.58 t/ha) in 198
days followed by rice (3.98 t/ha)-cabbage (9.04 t/
ha) in 196 days and rice (4.09 t/ha)-tomato (7.04 t/
ha) in 218 days of system duration. The lowest yield
was recorded by rice (4.16 t/ha)-mustard (0.38 t/
ha) in 208 days of system duration.
Evaluation of upland rice for grain yield
A field trial of upland rice was conducted with
23 entries of rice with spacing 20 x 10cm to test
the performance of upland rice varieties with
recommended dose of fertilizers (60:40:40-N: P:
K).The highest grain yield was recorded by SARS5 (3.25 t/ha) followed by SARS-3 (3.23 t/ha) and
SARS-2 (3.18 t/ha). The maximum plant height
was recorded by SARS-4 (96.00 cm) followed by
lite (92.73 cm) and Yamuk (86.66 cm), whereas,
highest chlorophyll index was observed by Yamuk
(60.00SPAD) followed by Anjali (45.16 SPAD) and
Kimin (43.56 SPAD).

Diseases management
Collection, screening and improvement of jhum
rice for increasing production and productivity
of jhum cultivation
The local germplasm collection drive was
initiated and two districts of West Siang and Upper
Subansiri were covered from where total 23 local
germplasm were collected. After screening 13
entries were found to be suitable for jhum situation
and the rest 10 were suitable for wet rice cultivation
(WRC) situation. All the 13 entries were grown
experimental fields in Gori and Bam farm with
three replications in each entry. It was noticed to
have mixtures of seeds in each entry and under
natural condition without applying any external
inputs like manures, fertilizers, plant protection
measures except three manual weeding observed

the average yield in both the farms are as follows
– Ampe (15.0 t/ha), Yaber (1.32 t/ha), Lite (11.93
t/ha), Bali Red (11.72 t/ha), Pumik (9.46 q/ha) and
Jarli (9.27 t/ha).
Bali Red showed severe leaf blast and false smut
infestation followed by Yabe, Jarli and Pumik. It
was felt necessary to go for pureline selection and
improvement of variety followed by testing with
improved production and protection technologies
in jhum situation and to multiply the seeds for
multilocational testing.
Screening nurseries for host plant resistance
against rice leaf blast
(a) National Screening Nursery 1 (NSN 1)
NSN-1 trials were conducted under AICRP on
rice with 193 test entries in Uniform Blast Nursery
(UBN) pattern for screening against leaf blast. The
disease pressure was moderate at Basar with LSI
4.5 and 87 test entries showing tolerant disease
reaction while 75 entries showed susceptible
reaction in 0-9 scale.
(b) National Screening Nursery Hills (NSN-H)
The nursery included 55 test entries and
conducted in the same UBN pattern. The disease
pressure was very low with LSI 2.2.
(c) Screening of collected rice germplasm/
varieties for blast resistance
One hundred fifty nine rice varieties/ local
germplasm from different agricultural institutes and
local growers of N.E. States were collected and
screened for their blast resistance in UBN pattern.
The disease pressure was moderate at Basar
condition with LSI 4.27 with only 14 varieties
showed resistant reaction, 88 entries recorded as
tolerant, 51 entries observed to be susceptible and
14 entries were highly susceptible.
Screening of rice varieties for WRC Situation
During kharif season, the following groups of
rice varieties were grown for studying of
adaptability and different plant growth characters:
RCRT experiments
This experiment comprises of four sets of
material with total 35 entries that included 7 entries
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of fine grain rice, 9 entries of aromatic rice, 14
entries for lowland situation and 5 entries for
upland situation with three replications in WRC
field at research farm, Gori.
i) In the fine grain category, from set of seven
entries, RCPL1-73 recorded highest grain
yield (2.33 t/ha) followed by RCPL1-75
(1.17 t/ha) and two entries namely RCLP1119 and RCPL1-120 did not produce any
seed.
ii) Out of the nine aromatic entries, RCPL1-73
recorded highest grain yield (3.52 t/ha)
followed by RCPL1-160 (2.89 t/ha), RCM
–16 (2.69 t/ha).
iii)Out of five entries in upland group, RCPL1117 recorded highest yield (2.0 t/ha). The
experiment was infected badly by blast, BLB
and hispa gundhi bug.
iv) In lowland group 14 entries were tested and
of which Shahsarang-1 recorded highest
yield (3.28 t/ha) followed by RCM-18 (2.02
t/ha) and RCM-22 (1.96 t/ha).
Screening of short, medium and long duration
WRC varieties
Altogether 53 entries were grown of three
distinct groups of maturity period to test the
adaptability for medium land WRC situation so that
in future it can be fitted in different cropping
sequences. Highest yield was recorded in 3 varieties
(5.5 t/ha) viz., Behari, Vandana and Ramakrishna
followed by 5.0 t/ha in Basundhara, 4.0 t/ha in
Rime and 13 entries showed 100% chaffy grain.
Production Oriented Survey (POS)
The survey was conducted in different altitude
covering ninety five farmers in thirty five villages
of five blocks of West Siang and Upper Subansiri
district during kharif season. The crop suffered very
adversely as the weather was very harsh with 23
rainy days only in the month of July’08 with a total
530.70 mm rainfall. The pest and disease incidence
was also very high. During the survey, it was
observed that most of the farmers are growing local
traditional rice varieties like Mipun, Mugme,
Jangia, Alpana etc. because of unavailability of
HYV seeds suitable to their farming situations in
time. The socio- economic conditions of the
farmers are also not sound to adopt input intensive

improved technologies for higher production and
productivity and there was hardly any retail outlet
in these blocks for agricultural inputs like
fertilizers, weedicides, pesticides etc. The farmers
were also very rigid in their belief and it was
difficult to convince for adoption of new production
technologies like use of fertilizers, pesticides,
fungicides and new HYV seeds etc. The farmers
grow only one rice crop and after harvest of rice
keep the land fallow because of the problem of stray
cattle and Mithun that are kept free for grazing.
Table 1. Survey area in different blocks and
villages surveyed
District Total
rice
area
of the
district
(ha)

Irrigated Block
area of covered
the
district
(ha)

West
Siang

24,951

5,900

Upper
5,100
Subansiri

3,500

Villages
surveyed

Basar,
Daring,
Likabali

Gori, Nyigam, Hilli
Rijo, Paka Rijo,
Bame, Kadi, Yame
Rijo, Daring-1,
Daring-II, Dali,
Ego, Garu, Malini,
Tarajan, Lipu
Daporijo
Ligu, Riddi,
Dumporijo Kuporijo, Lenni,
Lida, Belo, Digbak

The average rice yield in this region range from
900-1400 kg/ ha and for WRC fields, the optimum
sowing time of seeds in nursery is April/May and
transplanting time is last week of May and June
onwards. Most of the farmers use a seed rate of
60-80 kg/ha but some farmers use still higher seed
rate of 90-100 kg/ha and generally 30-40 days old
seedling are used for transplanting. Few farmers
apply FYM/cow dung / Pig dung @ 1-3 t/ha in the
fields. None of the farmers apply any chemical
fertilizers, fungicides or pesticides in the nursery
or in the main fields. Transplanting is done mainly
at random and there is a wide variation in the plant
population per unit area which ranged from 30-90
/m2. Among the diseases, blast is widespread in
moderate to severe intensities (4-7 score in 0-9
scale) in most of the places. Other diseases like
brown spot and grain discoloration are in low to
moderate intensities. There was no record of
observing any deficiency or toxicity of nutrients.
Among the different insect pests leaf folder was
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moderate with 35% intensity recorded in some of
the places. Gundhi bug attacks were also moderate
with intensity up to 25% in some places and other
insect pests like GLH were low to moderate
intensities. None of the farmers adopted any plant
protection measures. Overall, there was a post
harvest loss of 10-23% during harvesting to
threshing, cleaning, drying, bagging and storing.

yield of 2.51 t/ha (advantage of 26.77%) as
compared to one manual weeding in farmer’s
practice (1.98 t/ha).
The FLD on rice blast disease management
during kharif season were conducted using tolerant
variety Luit combined with application of Bavistin
@ 2 g/litre of water spray after disease appears as
compared to farmer’s practice of growing local
varieties without any treatment. The blast disease
management demonstration recorded a yield of
1.58 t/ha that is about 53.4% more than the farmer’s
practice.

Front line demonstration on rice
The FLDs (Table 3) were conducted with two
varieties namely, Anjali and Vandana each with 25
numbers, 20 nos. on rice blast disease management,
20 nos. on nutrient management, 10 nos. on weed
management during kharif season. The highest
yield advantage of the demonstrated variety Anjali
was recorded as 61.94% with 2.51 t/ha over the
farmer’s variety Mipun (1.55 t/ha). With regards
to the demonstrated variety Vandana, the highest
yield was recorded as 2.38 t/ha with a yield
advantage of 25.93% over the yield of farmer’s
variety Amlum (1.89 t/ha). In the nutrient
management demonstration with 10 t/ha organic
manure incorporation as compared to no
incorporation, the highest yield was recorded as
2.59 t/ha in FLD practice in local variety Mipun
with a yield advantage of 22.75% over the farmers’
practice and variety (2.11 t/ha). The FLD
programme on weed management with Agrodon
@1.5 kg/ ha as post emergence in addition of two
manual weeding in demonstration plots recorded

WHEAT
Evaluation of wheat varieties under wheat
improvement programme (AICRP on wheat)
Fourteen varieties of wheat (timely sown) were
sown on 3rd November with row spacing of 23 cm
and evaluated the performance of wheat variety for
Arunachal Pradesh variety. VL-804 recorded
maximum grain yield (1.41 t/ha) followed by TL2942 (1.25 t/ha) and HS-505 (1.17 t/ha). Maximum
test weight was recorded with VL-804 (42.75 g)
closely followed by HS-505 (41.17 g). Fifteen
varieties of wheat (late sown-reserved irrigation)
were sown with row spacing of 18 cm and tested
for performance. The maximum grain yield was
recorded by VL-935 (1.39 t/ha) followed by HS512 (1.23 t/ha) and HS-490 (1.09 t/ha).

Table 2. Prevalence of pests and diseases in West Siang and Upper Subansiri district of Arunachal
Pradesh
District

West Siang and Upper Subansiri

Diseases and pests
BL

BS

GD

LF

GLH

GB

M-S

L-S

L-M

M

M

M

Table 3. Perfornmmonace of technology demonstrated in farmers’ field
Technologies demonstrated

Local check

FLD yield
(t/ha)

Anjali
Vandana
Nutrient management
Weed management
Blast disease management

Mipun,
Amlum
Farmers practice
Farmers practice
Farmers’ practice(no care)

117

2.51
2.38
2.59
2.51
1.58

Check yield
(t/ha)
1.55
1.89
2.11
1.98
1.03

% Yield
advantage
61.94
25.93
22.75
26.77
53.40
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OIL SEEDS
GROUNDNUT
Evaluation of core collection of groundnut
germplasm for their performance in the acid
soils of NEH Region
Eighty entries of groundnut varieties were
planted to evaluate the performance of germplasm
and planted at spacing of 40 x 20 cm (Fig. 1). The
highest shoot length per plant was observed by
NRCG-11865 (63.55 cm) followed by NRCG10191 (60.66 cm) and NRCG-11924 (57.33 cm);
the maximum number of secondary roots/plant was
recorded in NRCG-11860 (83.66) followed by
NRCG-11276 (72.00) and NRCG-10721 (53.66);
number of haulms per plant was recorded in
NRCG-10191 (26.33) followed by NRCG-12572
(20.66) and NRCG-12339 (10.66); maximum
number of pods/plant was recorded in NRCG10191 (82.66) followed by NRCG-11860 (81.00)
and NRCG-12339 (66.66); the highest weight of
pods/plant was recorded in NRCG-10191 (208.33
g) followed by NRCG-11860 (166.66 g) and
NRCG-11276 (140.00 g). The highest chlorophyll
content was found in NRCG-11860 (55.2 SPAD)
followed by NRCG-10967 (52.9 SPAD) and
NRCG-6064 (52.5 SPAD).

Fig. 1. NRCG 10191

RAPESEED/MUSTARD
Evaluation
Five varieties of rapeseed/mustard were sown
at a spacing of of 40 x 20 cm. The maximum grain
yield was recorded by TS-38 (0.92 t/ha) followed

by SEJ-2 (0.80 t/ha). The highest infestation of
aphids was observed in NDRE-4 variety of
mustard.

Disease management
Evaluation of Toria varieties against location
specific diseases
In the first experiment two entries received from
VPKAS, Almora namely VLT-3 and VLT-6 were
evaluated with two local checks TS-38 and M-27
maintaining a spacing of 30 x15 cm. The highest
plant height was observed in VLT-6 (84.8 cm)
followed by TS-38 (82.5 cm), M-27 (46.4 cm) and
VLT-3 (73.0 cm). No. of branches per plant was
observed to be highest in TS-38 (9.8) and lowest
in VLT-3 (6.8). No. of siliqua per plant recorded in
TS-38 was 109.2, followed by M-27 (69.9) VLT-3
(22.0) VLT-6 (32.6). The highest yield was
recorded in TS-38 (1.20 t/ha), M-27 (1.04 t/ha),
VLT-3 (0.42 t/ha) and in VLT-6 recorded lowest
yield of 0.22 t/ha.
In the second experiment four entries received
from ICAR-RC-NEH, Barapani namely RCRT-1,
RCRT-2, SCRT 1-2 and SCRT 1-3 were evaluated
with local check M-27 maintaining spacing of 30
x15 cm. The highest plant height observed in
RCRT-1 (51.6 cm) followed by SCRT1-2 (49.5 cm),
RCRT-2 (48.5 cm), SCRT1-3 (45.9 cm) and M-27
(45.8 cm). No. of branches per plant was observed
to be highest in RCRT-1 (6.6) and lowest in SCRT13 (3.9). No of siliqua per plant was recorded highest
in RCRT 1 (45.7), SCRT1-2 (37.0), RCRT-2 (35.2),
M-27 (34.8) SCRT1-3 (32.8). The highest yield was
recorded in SCRT1-3 (0.20 t/ha), M-27 (0.19 t/ha),
SCRT1-2 (0.19 t/ha) and RCRT 1 (0.14 t/ha). The
yield level in this experiment was low due to
moisture stress at the time of flowering.

PULSES
Screening of lentil varieties against location
specific diseases
Seeds of five entries of lentil were received from
VPKAS, Almora for evaluation at Basar condition
during rabi season. No wilt disease was observed
in any plot in all the five entries and all the test
entries were free from all pests and diseases.
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Though 50% flowering was observed in all the
test entries 80-90 days after sowing, highest plant
height recorded in the entry VL125 (41.8 cm) and
highest no. of branches per plant was observed in
VL-4 (24.9/plant) whereas highest yield was
recorded in VL-105 (0.37 t/ha) followed by VL –
125 (0.3 t/ha), VL-126 (0.29 t/ha), VL-4 (0.17 t/
ha) and lowest in VL-507 (0.13 t/ha).
Evaluation of field pea varieties against location
specific diseases at Basar
Two entries namely Azad Pea-1 and Arkel of
field pea were screened at Basar situation. The
experiment laid out in a plot size of 2.5x2 m2 with
row to row spacing 45 cm and plant to plant 15 cm
spacing. The experiment was free from attack of
any major pest and diseases. Average plant height
in Arkel was recorded 61.6 cm and in Azad Pea-1
was 54.9 cm and no of primary branches in Azad
Pea-1 recorded 11.4 while in Arkel 9.6. Similarly,
no. of pods per plant in Azad Pea-1 was recorded
10.6/plant and in Arkel 8.33/plant and yield of Azad
Pea-1 was 0.9 t/ha and Arkel recorded 0.8 t/ha.

weight (34.14 g) and thickness (4.5 mm) were more
with full dose application of NPK while segment
weight (88.79 g) and fruit weight (122.4 g) were
highest with pig manure along with other nutrient
sources. Development of seeds/fruit (6.47) was
lowest with the application of 15 kg poultry manure
along with other nutrients. Juice content (58.45 ml)
and TSS (11.5) was also highest with pig manure
and FYM along with other nutrients.
Evaluation of HDP in Khasi mandarin
Data were recorded on fruit quality of Khasi
mandarin in its 8th year, planted in HDP with four
different spacing of 2x2 m, 2.5x2.5 m, 3x3 m. and
4x4 m. It was observed that 3 x 3 m spacing had
highest fruit weight (122.17 g), size (4.9x6.1 cm2),
segment weight (86.07 g) and also juice content
(63.4 ml). On the other hand, highest acidity (0.83
%) was recorded in 2x2 m spacing.

CITRUS

Performance of micropropagated plants of
Khasi mandarin
Micropropagated plants of 12 years old were
evaluated for their growth and yield characteristics.
It was observed that the plants were uniform in
height having similar shape fruits with good
keeping quality. Data were recorded in average
plant height (3.42 m), stem growth (6.4 cm),
number of primary branches (16.6) besides, number
of fruits/ tree (678.4), fruit drop percentage (8.9%),
fruit weight (118.2 g), TSS (12.170 B) and acidity
(0.48%).

Integrated nutrient management in khasi
mandarin
A field trial was executed with 60 kg each of
FYM, pig manure and poultry manure along with
different doses of sunhemp, Azotobactor, PSB and
their combinations. Results indicated that highest
number of fruits per plant (687) was recorded with
50% RDF + pig manure (15kg) + sunhemp (12.5%)
+ Azotobactor (20g) + PSB (20g) followed by FYM
(15 kg) along with other nutrient sources. Plant
height (6.84 m) and crop canopy (5.9x6.1 m) were
also highest with pig manure along with other
nutrient sources. However, stem diameter (86.8 cm)
was highest with the application of 60 kg pig
manure. Highest fruit yield (72 kg/tree) was also
recorded with pig manure treatment. The physicochemical characteristics of fruits showed that peel

Standardization of horticulture based farming
system for sustainability
The experiments on horticulture based farming
system consisted of four terraces which were used
for vegetable growing and fruit crops like banana
and pineapple. Advantageous crop rotations of
various crops in different cropping sequences under
terrace cultivation were tried. The cropping
sequences evaluated on yield performance were
French bean-tomato, pumpkin- pea, watermelon cabbage and okra- potato. It was found that among
different cropping sequence, French bean- tomato
performed well and fetched more remuneration
besides enriched soil health. In fruit crops,
pineapple gave fruit yield of 22.4 t/ha and banana
28.7 t/ha with individual bunch weight of 12.7 kg/
tree.

HORTICULTURE
FRUITS
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Establishment of agro techniques for passion
fruit
Passion fruit varieties Golden, Purple and
Kaveri were planted during 2007. Experiment was
executed to standardize the fertilizer dose and
growth regulators for better yield. It was found that
150:200: 150 g NPK along with 15 kg pig manure
and 50 ppm GA3 gave better yield in the cv. Kaveri.
Establishment of agro-techniques for
strawberry
Strawberry was planted during June 2008 with
different mulches viz. black polythene, paddy straw
and no mulch. Weed bio mass (500 g) was more
with no mulch treatment. Irrigation requirement
was more with no mulch followed by paddy straw
mulch.
Performance of guava varieties under different
spacing
Field trial was conducted with two different
varieties Allhabad Safeda and L-49 under different
spacings viz., 3x4 m, 3x3 m and 4x4 m. It was
observed that Allahabad Safeda performed better
in all the three different spacing. L-49 recorded
more number of fruits per tree (686.8) and yield
(72.8 kg/tree)) fruit weight (183.3 g) under 4x4 m
spacing.
Performance of aonla varieties
Six different cultivars viz., Assam local, NA-6,
NA-7, Kanchan, Chakkaiya and NA-10 were
planted in the year 2000 to evaluate their
performance. It was observed that Assam local
performed better than other improved varieties
under mid hill conditions. Assam local recorded
early fruiting and higher fruit yield (6.3 kg/tree).
BANANA
Thirty germplasm of banana have been
maintained at the Research Farm. Karpura
chakrakeli attained maximum vegetative growth.
While highest bunch weight (6.2 kg), number of
hands (14), finger per hand (18) were recorded in
Chinni Champa followed by Malbhog and Hatidah.
High density planting in banana
Field trial was conducted to identify the best
planting density for banana varieties. Planting

densities viz., 3x2m, 1.8x1.8 m, 1.5x2 m and 1.5
x1.5 m were tried with four varieties viz., Chini
champa, Malbhog, Hatidath and Dwarf Cavendish.
It was observed that Dwarf Cavendish performed
better under 1.5x1.5 m spacing followed by
Malbhog. However, Chinni Champa came to
flowering earlier than other varieties with wider
spacing (1.8x1.8 m). The bunch weight (7.4 kg)
was higher with Dwarf Cavendish without any
blemishes.

VEGETABLES
Package of practices were developed for knol
khol, palak, lai patta and okra for their better
performance under mid hill conditions of
Arunachal Pradesh. The cultivation practices
developed for some selected vegetables are
discussed below.
SPROUTING BROCCOLI
Three varieties namely CBH-1, Aishwarya and
ATX-218A were tested under Basar condition. It
was observed that var. Aishwarya performed better
than other varieties for most of the characters viz.,
plant height (51.3 cm), no. of leaves/ plant (22.3
cm), stalk length (13.8 cm), curd diameter (34.7
cm) and net weight of the curd (165.7 cm). It has
recorded good TSS (4.0 Bx), pH (6.8), acidity
(0.32%), reducing sugars (3.33%) and ascorbic acid
(16.2 mg/100g). Curd initiation and maturation
occurred 54 days and 72 days after transplanting,
respectively.
KNOL KHOL
Knol khol var. Winner was grown under
polyhouse as off season vegetable. It attained the
plant height of 31.7 cm during its growing season
of 95 days after transplanting. No. of leaves/ plant
(11.4), knob length (8.8 cm), knob diameter (10.5
cm), circumference (19.3 cm), gross weight of the
knob (276.8 g) and net weight of the knob (240.7
g) were recorded.
PEA
Performance of pea var. Arkel was evaluated
for its growth and yield parameters under mid
altitude conditions of Arunachal Pradesh. The
average plant height was 99.4 cm and had 21.7
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tendrils/ plant. 50% flowering was recorded after
72.4 days of sowing while it took another two
weeks for pod maturation. The total duration of
variety was 120 days with the pod yield of 191.4
g/plant (93.57 g seeds). 14.3 pods/plant and 9.2
seed/pod was recorded. Length and breadth of the
pod recorded was 10.1 cm and 1.4 cm, respectively.
Chemical attributes recorded were total sugar
(3.72%), TSS (4.4 0Bx), pH (6.3) and acidity
(0.27%).

observed that cv. Promise performed better
followed by Pusa Jyotsna, Red Majesty and Pusa
Chandini. Desirable plant height (117 cm), spike
length (73 cm), rachis length (45 cm) and number
of florets/ spike (13) were recorded with Promise.
Post harvest life of the spike was also superior with
cv. Promise.

POST HARVEST TECHNOLOGY
SPINACH
The spinach variety Pusa Harit recorded the
plant height of 23.8 cm, no. of leaves (6.5), leaf
length (14.3cm), leaf width (5.8 cm) and yield (15.3
t/ha) when they were grown during winter at Basar.
CAULIFLOWER
Field trial was conducted to identify the effect
of micronutrients and their mode of application on
growth and yield attributes of cauliflower var. Snow
Crown. It was noticed that combined foliar spray
application of Borax (0.3%) + Ammonium
molybdate (0.3%) performed better than soil
application. Highest curd diameter (16.37 cm), curd
length (14.24 cm), gross weight (217.83 g) and net
weight (174.79 g) were recorded with combined
foliar application.
Performance of tomato hybrids under
polyhouse
Five different varieties of tomato viz., Rocky,
Avinash, Cheeranjeevi, Arjuna and Swarksha were
grown to evaluate the best variety for off-season
(Apr-July) production. Among different varieties
Avinash performed well followed by Arjuna and
Rocky. Early flowering (57.7 days), highest fruit
set (74.3%) and more yields (3.6 kg/plant) were
recorded with Avinash. Besides, var. Avinash was
tolerant to late blight of tomato followed by Arjuna.

FLORICULTURE
GLADIOLUS
Eight varieties viz., Promise, Red Majesty,
Candy man, Rosared, Pusa Chandini, Pusa Jyotsna,
Snow Princess and Novalux were evaluated for
their performance under mid hill conditions. It was

Standardization of maturity indices and value
addition of Taktir
Taktir (Garcinia lancaefolia) is a shrub, ever
green plant, grows up to 5 m height and found to
grow in dense forest of Arunachal Pradesh, in an
altitude range of 515 m to 750 m above msl. It
belongs to the family Clusiaceae. Leaves are
alternate, petioled and oblong. A tree comes to
flowering in Oct-Dec. Flowers are pink in colour,
perfect and borne in cluster. Fruits mature during
April-June with tomato red colour when fully ripe
and green at immature stage.
Experiment was conducted to identify the right
stage of maturity of Taktir fruit. It was found that
fruits harvested in the third week of April were
rich in quality with high TSS (11.50Bx), Juice
content (19.4 ml) and more fruit weight (43.7 g).
Standardization of packaging and storage
condition in Khasi mandarin
Experiment was conducted to increase the shelf
life of Khasi mandarin. The experiment was
executed with existing practice of packaging
without any treatment in bamboo basket to pretreatment with 1 and 2% solution dip of Ca(NO3)2
and CaCl2 for 10 minutes. Then they were packed
with paddy straw and waste paper as cushioning
material in bamboo basket and 3 ply card board
boxes. It was found that 2% CaCl2 solution dip
along with packing in card board boxes with paddy
straw as cushioning material recorded more shelf
life (33.7 days) with good fruit quality.
Value addition in bamboo through processing
An experiment was conducted to screen out best
bamboo species to process them into the form of
bamboo preserves. Five different most commonly
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used species like Egi (Dendrocalamus sikkimensis),
Boluka (Bambusa balcoa), Eni (Dendrocalamus
hamiltonii), Madang (Cepalostachyum pergracile)
and Eso (Bambusa pallida) were used for the
experiment. Sheaths of bamboo shoots were
removed and cut into circular shape with different
sizes viz., 2, 4, 6, 8 and 10 mm. Then, the shoots
were blanched in water containing 0.05 % KMS
and 0.1% citric acid with different duration (5, 10,
15, 20 and 25 min). It was found that bamboo shoots
which were 6 mm in thickness and blanched for
20 minute were very soft and without trace of
bitterness. Further, 55, 60, 65 and 700Bx sugar
solution were used to make bamboo preserve as
per standard procedure. Step by step increase in
sugar concentration with occasional boiling was
followed for proper immersion of sugar syrup into
product. It was noticed that 650Bx sugar syrup has
resulted into better produces with good flavour,
colour, texture, sweetness, tenderness and over all
acceptability. However, among the bamboo species
Eni scored higher score in all the sensory
descriptors followed by Egi, Eso, Boluka and
Madang.

MUSHROOM
Standardization of mushroom production
technology
Experiment was conducted to standardize the
various additives to reduce the spawn run period
and increase the number of sporophores. The
addition of rice bran recorded a stimulatory effect
on Pleurotus sajarcaju. The sporophore appeared
within 21.5 days after spawning. The other yield
parameters, viz., weight of sporophore (494 g) and
biological efficiency (98.8 %) were also
significantly higher in rice bran supplementation.

AGROFORESTRY
Evaluation of multipurpose trees
Among 16 tree species established in 1997,
Pinus kesia attained maximum basal girth (111.4
cm) followed by Michelia obtusifolia (106.6 cm)
and Cuppressus torulosa (93.4 cm). Canopy spread

was recorded highest (7.91 m x 7.96 m) in Pinus
kesia followed by Cuppressus torulosa (6.24x6.38
m) and Terminalia myriocarpa (5.98x6.3 m) after
twelve years of planting. Highest plant height was
recorded in Michelia obtusifolia (16.4 m) followed
by Castonopsis indica (15.9 m) and Anthocephalus
cadamba (15.8 m). Chlorophyll content was found
maximum in Ixonanthus khasiana (48.5 SPAD)
followed by Mesua ferrea (45.6 SPAD) and
Livistonia jenkinsiana (44.8 SPAD). Highest light
intensity in inter-rows was recorded highest in
Terminalia myriocarpa (669.3 lux) followed by
Gmelina arborea (552.3 lux) and Anthocephalus
cadamba (390.3 lux) and lowest in Mesua ferrea
(6.0 lux).
Among the 20 tree species planted in 1998,
Acacia mangium attained maximum height (23.20
m) followed by Pinus wallichiana (16.0 m) and
Penlow (15.4 m) and lowest in Morus alba (2.04
m). Basal girth was recorded highest in Acacia
mangium (125.3 cm) followed by Pinus
wallichiana (99.6 cm) and Caryota urens (85.6
cm).The canopy spread was found highest in
Acacia mangium (9.76 x 8.70 m) followed by Pinus
wallichiana (8.10x8.12 m) and Penlow (5.52x5.70
m) and lowest in Morus alba (1.52x 1.84 m).
Chlorophyll content was recorded highest in
Symmingtonia populnea (67.3 SPAD) followed by
Cunninghamia lanceolata (61.5 SPAD) and
Caryota urens (60.0 SPAD) and lowest in Pinus
wallichiana (1.8 SPAD). Highest interspacing light
intensity was recorded in Gravelia robusta (871.3
lux) followed by Alnus nepalensis (609.6 lux) and
Lagerstoemia speciosa (547.6 lux) and lowest in
Cunninghamia lanceolata (8.6 lux) followed by
Symmingtonia populnea (23.3 lux) and Cephalo
taxus (27.6 lux).
Among six species established in 1999,
Manglietia insignis attained highest plant height
(13.52 m) followed by Parkia roxburghii (12.82
m) and Aleurites montana (11.53m) and lowest in
Bauhinia purpurea (4.92 m). The basal girth was
found highest in Manglietia insignis (80.6 cm)
followed by Aleurites montana (73.0 cm) and
Engelhardtia spicata (67.2 cm) and lowest in
Bauhinia purpurea (23.8). Aleurites montana
recorded the highest canopy spread (6.16m x
5.14m) followed by Manglietia insignis (5.06m x
4.10m) and Engelhardtia spicata (4.92m x 5.63m)
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and lowest in Bauhinia purpurea (2.80m x 2.76m).
The chlorophyll content was recorded highest in
Manglietia insignis (45.1 SPAD) followed by
Engelhardtia spicata (39.9 SPAD) and Parkia
roxburghii (29.0 SPAD) and lowest in Aleurites
montana (23.3 SPAD). Aleurites montana showed
the highest inter spacing light intensity (874.0 lux)
followed by Emblica officinalis (309.3 lux) and
Bauhinia purpurea (257.0 lux).
Among five species planted in 2000, maximum
plant height was recorded in Eleocarpus sphaericus
(18.89 m) followed by Kobolakso (8.41 m) and
Sapindus mukorossi (6.9 m) and lowest in
Aquillaria agallocha (4.60m). The basal girth was
found highest in Eleocarpus sphaericus (93.4 cm)
followed by Kobolakso (43.0 cm) and Aquillaria
agallocha (30.0 cm). Eleocarpus sphaericus also
recorded the highest canopy spread (7.63x8.33 m)
followed by Kobolakso (4.22x3.94 m) and
Sapindus mukorossi (2.0x2.18 m). The chlorophyll
content was found highest in Eleocarpus
sphaericus (41.9 SPAD) followed by Chukrasia
tabularis (38.1 SPAD) and Sapindus mukorossi
(35.6 SPAD). The inter row light intensity was
recorded highest under Kobolakso (397.6 lux)
followed by Chukrasia tabularis (356.6 lux) and
Elaeocarpus spharicus (231.3 lux).
Out of four species planted in 2001, Hiko
recorded the highest plant height (7.70 m) followed
by Litsea lacta (7.37 m). The basal girth was found
highest in Litsea lacta (42.15 cm) followed by Hiko
(40.0 cm). The canopy spread was recorded highest
(4.26x 4.23 m) in Lithocarpus sperma followed by
Hiko (4.26x3.74 m). The chlorophyll content was
found highest in Hiko (43.8 SPAD) followed by
Lithocarpus sperma (43.8 SPAD). The interspacing light intensity was recorded highest in
Litsea lacta (137.3 lux) followed by Hiko (73.6
lux).
Among 31 combinations of 51 species of MPT
and 5 species of cane, Anthocephalus cadamba +
Ada was reported best in terms of basal girth (31.0
cm) followed by Alnus nepalensis + Takek (29.33)
(Fig 2) and Pinus khasiana + Takek (26.33).
The chlorophyll content was found highest in
Alnus nepalensis+Takek (67.05 SPAD) followed
by Pinus khasiana+Takek (53.93 SPAD) and
Acacia mangium+Taher (52.00 SPAD). The plant

Fig. 2. Alnus nepalensis +Takek
height of canes was found highest under Duabanga
grandiflora (272.6 cm) followed by Terminalia
myriocarpa (231.0 cm) and Castanopsis indica
(186.6 cm).
Among 29 combinations of MPT species and
Guinea grass, the combination Aquillaria
agallocha + Guinea recorded the highest guinea
grass yield (15.8 kg / 30 m row) followed by
Terminalia myriocarpa + Guinea (12.2 kg /30 m
row) and Kobolaxo + Guinea (10.8 kg /30 m row).
Among 22 combinations of MPT species and
broom grass, the combination Gravelia robusta +
broom grass recorded the highest yield (19.00 kg /
row) followed by Bombax ceiba + broom (12.00
kg / row) and Lagerstroemia speciosa + Guinea
(11.50 kg / row).
The intercrops of turmeric and ginger are also
being managed in combination with the 25 and 12
species of MPTs respectively.
Effect of tree densities on the growth
performance of Ghamari (Gmelina arborea)
The spacing trial of Ghamari was established
in 1999. In 10th year of establishment, ghamari
obtained highest plant height (15.42 m) in the
spacing 2x3 m followed by the height (15.1 m) in
spacing 4 x 3 m. The basal girth was recorded
highest (95.2 cm) in the spacing 6x3 m followed
by the girth 89.5 cm in 2x3 m. The girth at breast
height was found highest (69.5 cm) in the spacing
4x4 m followed by 64.4 cm in 6x3 m spacing.
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Effect of spacing on growth of Bola (Morus
laevigata)
The spacing trial of Bola was established in
1998. After 11 years, maximum plant height (8.00
m) was attained in the spacing 3x3 m followed by
height 7.31 m in 4x3 m spacing. The average basal
girth was recorded highest (25.44 cm) in the
spacing 5x3 m followed by 22.8 cm in 3x3 m. The
average girth at breast height was also found
highest (16.80 cm) in the spacing of 5x3 m followed
by 15.48 cm in the spacing 3x3 m spacing.
Effect of spacing on growth bamboo species
Out of 13 species of bamboo grown under three
spacing, maximum clump circumference was
recorded in Bambusa cacharensis (13.4 m) at 5x5
m spacing followed by the same species (10.8 m)
planted at spacing 6 x 6 m. But in spacing 7x7 m,
Bambusa nutans recorded the highest clump
circumference (8.60 m). Highest number of culms
per clump was recorded in Bambusa pallida (52)
at 7x7 m spacing followed by Dendrocalamus
sahnii (46) at 6x6 m spacing and Dendrocalamus
hamiltonii (43) at 5x5 m spacing.
Farming system research project (FSRP)
FSRP is running at three different sites, one at
Gori research farm and another two at the farmers’
field. In these, different components are included
viz., agriculture, horticulture, silvi-culture and
bamboorium. Among different components
following experiments are carried out 1) Growing
of different field crops on terraces 2) Cultivation
of different vegetable crops on terraces 3) The
bamboo species (30 entries) are maintained and
timely harvested for disposal 4) The maintainace
of 31 banana varieties under FSRP 5) Planted 8
nos. of MPTs in 2003 and Eleocarpus sphaericus
Planted 8 nos. of MPTs in 2003 and Eleocarpus
sphaericus (4nos.) are grown as natural 6) Different
fruit plants viz. orange, peach and guava were
planted.
Performance of field crop based systems
Different cropping systems were evaluated on
four terraces to standardize the best cropping
sequence for mid hills of Arunachal Pradesh. Along
with this, profitable crop rotations with less
external inputs were evaluated. Different cropping

sequences followed were maize-French bean,
maize- broccoli, maize-cabbage, maizecauliflower, maize-knol khol, okra-french bean,
okra-table pea, french bean-spinach, french beanokra, French bean-cabbage, french bean- bitter
gourd. The crop performance was assessed by yield
and economics of the crop sequence.
Complete FSRP was evaluated on the basis of
economics; it was found that among different
cropping sequences French bean (Selection-9) –
cabbage (Rs 112700- 308625) is one of the most
profitable crop sequence followed by maize –
cabbage (Rs 30600- 310500). This two crop
sequences could be used by farmers to get
maximum returns by using combination of cereals
and vegetables. Other than cropping sequences
bamboo is one of the important components in
FSRP which gives maximum output and it requires
least care.
Performance of rice
Under FSRP, seed production of RCM- 10 was
taken on wet land rice cultivation with
recommended dose of fertilizer (80: 60: 40 kg N,
P2O5 K2O ha-1). The recorded grain yield was 3.5 t/
ha.
Performance of fruit crops
Different fruits were planted on 2003 at sloppy
land of FSRP. During reporting year, different
growth and yield parameters were recorded. It was
found that peach has recorded the maximum tree
height, canopy spread chlorophyll content, no. of
fruits per plant and yield per hectare followed by
guava. Basal girth was recorded maximum on
guava followed by peach. However, chlorophyll
content was measured higher on Khasi mandarin.
Performance of banana
Different banana germplasm are being
maintained under FSRP. There are thirty banana
germplasm, among these Robusta has attained
highest basal girth, maximum no. of leaves, higher
no. of fruits per plant and yield per plant.
Performance of MPTs
Different tree species were planted under FSRP
and some species were established naturally.
Among different species Eleocarpus spharicus
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(Rudraksh) basal girth and canopy spread was
maximum (165.00 cmand 13.50 x 14.7 m,
respectively) followed by Morus laevigata (95.00
cm and 11.0 x 11.80 m, respectively). However,
chlorophyll content was recorded higher on
Ixonanthes khasiana (45.5 SPAD) followed by
Castonopsis indica (43.1 SPAD).

Upper Subansiri district. Rejuvenation schedule
was demonstrated to the farmers in scientific way.
Good quality scion materials were collected from
Gori farm and were used for demonstration.
Rejuvenation height of 0.75 cm was used for all
the trees. The growth performance was well for
one year.

Maintenance of bamboo germplasm
Bamboo germplasm of 30 species is being
maintained and morphological observations were
taken on the performance of all species of bamboo
planted under FSRP. Bambusa cacherensis
recorded the maximum clump circumference (27.5
m) followed by Dendrocalamus hamiltonii (22.2
m), Dendrocalamus hamiltonii –Akashe ganga
local-1(18.6m) and Bambusa balcoa (16.8 m). The
number of culms/clump was observed highest
(2500 nos.) in Chimonobambusa armata [Ebum
(runner type)] followed by B. multiplex (1800 nos.)
and B. variegata (860 nos.). Individual culm
circumference was recorded highest 37.20 cm in
D. hamiltonii followed by Dendrocalamus
hamiltonii – Akashe ganga local-1(35.20 cm) and
B. arundinaceae (33.43 cm). The length of
internodes was measured highest (57.50 cm) in
Chimonobambusa griffithiana and lowest (12 cm)
in B. khasiana.

Demonstration of integrated nutrient
management in young and bearing orchards of
Khasi mandarin
Two number of field demonstrations were
conducted on nutrient management in Khasi
mandarin one each in Research farm, KVK farm
and one farmer’s field from Bam village. It was
observed that in farmer’s field, trees under INM
gave maximum of 657 fruits / tree while the control
trees produced 428 fruits/ tree. The overall increase
in yield was up to 38.3% due to adoption of INM
practice.

TRANSFER OF TECHNOLOGY

Trainings conducted
Ten different training programmes (Fig.3) were
conducted time to time to impart scientific
knowledge on cultivation of different crops like
Khasi mandain, banana, pineapple, plum and
vegetables. Special trainings were given on off
season vegetables production under polyhouse
condition to improve the livelihood of farmers by
earning additional income. Special emphasis was
also given on post harvest and value addition of
different horticultural commodities.

Under technology mission
Distributed more than six thousand number of
nucellar seedlings of Khasi mandarin to nearly forty
farmers of different villages viz., Ego, Kadi, Bagra,
Bam, Rilu, Gori and Soi of West Siang district and
Belo, Digbak, Duporijjo, Leber and Lenyi villages
of Upper Subansiri district of Arunachal Pradesh.
The pineapple and banana suckers were also
distributed to farmers of Upper Subansiri district
either freely or through NAIP project.
Demonstration on rejuvenation of old declined
citrus orchards
Three field demonstrations on rejuvenation
were conducted in old decline Khasi mandarin
orchards of Digbak, Belo and Lenyi villages of

Fig. 1 Farmers from Ziro area
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MANIPUR
CROP
PRODUCTION
PROTECTION

AND

RICE
Breeding for high yielding, disease resistance
quality rice
Thirty-three advanced lines of rice including 4
popular checks were evaluated in a replicated
advanced yield trial (AYT) under lowland
transplanted conditions of Manipur valley. MC-1730-5-17 showed the best performance (8.5 t/ha)
over checks and found to be moderately resistant
against the neck blast while MC-30-1-5-6, MC-1730-6-12 and BR-1/Leimaphou were better than the
checks and yielded 8.25, 8.25 and 7.75 t/ha
respectively. MC-30-1-5-6 showed resistance to
neck blast under field condition and out yielded
checks.
Station trial for high yielding, disease resistant
and quality traits
Thirty-four advanced lines of rice along with 2
popular checks were evaluated in a replicated AYT
under lowland transplanted conditions of Manipur
valley. The entries, namely, MC-34-4-13-45-82-70,
MC-34-4-24-26-27, MC-34-7-3-67-87-14, MC-345-12-4-34-4-23 and MC-34-5-15-5-88-23-46
showed outstanding performance and recorded
with 7.83, 7.33, 7.33, 7.08 and 7.0 t/ha potential
yield, respectively. These entries found to be
resistant to biotic stresses and out yielded both
checks (Leimaphou and RCM-9).
RCM-21 was promoted into AVT-2-M (H) of
AICRIP during kharif season. RCM-21 (IET
20193), derivative of Prasad/IR 24 with long
slender grain and maturity of 125-130 days was
developed at ICAR Manipur Centre, Lamphelpat,
Imphal. This entry exhibited yield advantage of
21.75% under low hill conditions during kharif
2007 and 8.8% under high hill condition during
kharif 2008 over the best check. It was found to
be resistant to neck blast. Four new cultures namely,
RCM-11, RCM-12, RCM-24 and RCM 25

developed at ICAR, Manipur Centre has also been
nominated for IVT-M (H) of AICRIP. 14 advanced
lines developed from the cross of KD-2-6-3/
Akhanphou at Manipur centre were evaluated
under low land transplanted conditions with three
checks. Out of them, MC-34-10-3-30-16-1 was the
best (8000 kg/ha). It matured in 131days.
Station trial for very early genotypes of rice
Nine advanced lines with two local checks
developed at Manipur Centre, were evaluated under
low land transplanted conditions. Out of them, MC34-2-15-6-15-1 (Fig.1) was outstanding (7.67 t/ha)
over the checks. The entries MC-34-1-31-19-14-8
and MC-34-1-10-32-2-2 (A) recorded flowering in
68 and 65 days but yield potential was lower (2.83
t/ha and 3.84 t/ha, respectively).

Fig.1. Short duration rice: MC-34-2-15-6-15-1

In another trial, 50 advanced lines of rice
developed at Manipur centre with two checks were
evaluated in yield trials under low land transplanted
conditions. Out of them, 24 entries showed
outstanding over the checks. The progenies MC34-7-33-87-68-82 (12.25 t/ha), MC-34-7-9-2-8299-28 (11.50 t/ha) and MC-34-10-9-34-34-6 (9.0
t/ha) exhibited higher yields over the checks.

Research Complex Regional Trials (RCRT)
Lowland rice
Thirteen entries including six from Manipur
Centre (RCM-11, RCM-18, RCM-19, RCM-20,
RCM-21 and RCM-22) along with two local checks
i.e. RC Maniphou-7 and Lungnilaphou were
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evaluated at Lamphelpat farm to study their
comparative performance under Manipur
conditions. Among entries, RCM-21 (7.33 t/ha),
RCM-20 (7.17 t/ha), IET-18581, RCM-22, RCM11 and IET-18571 yielded more than best local
check i.e. Lungnilaphou (6.67 t/ha).
Aromatic rice
In this trial, 9 entries including three entries
developed from Manipur Centre were evaluated
for their performance under transplanted conditions
at ICAR, Lamphelpat farm. RCM-16, RCM-17 and
AR-4, performed well under Manipur conditions
and yielded 7.0 and 6.83 t/ha respectively.
Fine grain rice
In this experiment, 7 fine grain rice entries along
with local check (Lungnilaphou) were evaluated
under transplanted conditions for their comparative
performance in Manipur valley. AR-12 and IET17278 performed better over local check and
yielded 7.50 and 7.33 t/ha, respectively.
AICRP trials on rice
Twenty-eight entries including checks in two
trials of AICRIP namely initial variety trialMedium (Hills) (17 entries) and Advanced Variety
Trials1-Medium (Hills) (11 entries) were evaluated
for their performance under Manipur condition
during kharif 2008. Entries viz, IET-20811 (7.36 t/
ha), IET-20809 (7.05 t/ha), IET- 20812 (7.01 t/ha),
IET-20803 (6.72 t/ha), IET-20810 (6.72 t/ha), IET20814 (6.71 t/ha), IET- 20806 (6.50 t/ha) and IET20815 (6.360 t/ha) of IVT-M(H) performed well
and recorded significantly higher yield than local
check. Whereas, in AVT1- M (H) all entries
recorded higher yield over three checks except IET20196.
New crosses attempted
Following crosses were attempted during kharif
season in order to create the genetic novelty and
combine the desirable traits: Phougak X Phouoibi,
IR-64 X Akhanphou, Phouibi X Phougak, KD-26-3 X MC- 29-1-2-3-1, KD-2-6-3 X BR-1,
Wangshim X RCM-9, Phougak X KD-2-6-3,
Phouoibi X Akhanphou, Phouoibi X Pungpamah
and Akhanphou X KD-2-6-3. F1 plants of these
crosses will be raised during kharif 2009.

Evaluation of rice germplasm against fungal
diseases
One hunded and thirteen line / varieties of
germplasm were evaluated under field conditions
under the project “Rice improvement through
participatory plant breeding” for their reaction
against blast, sheath blight and brown spot diseases.
Neck blast incidence varied from 5 in Phourel to
60.25 in Leimaphou (KD 263). All the lines were
free from leaf blast. All the lines had brown spot
infection. The highest disease score of 7 was
recorded in a land race from Chingchakhao
followed by a disease score of 6 in Kapongramah,
Chingjuimakrei, Phungchammah, Marakateowa,
KD phoubi, Dramphu, RCM-13, Chingphourel aut,
Champhraphoutlou, Changphoukhongnhou,
Langpkou upokpi, Paorpimadiang had lowest
disease score of 1. In the case of sheath blight, the
highest score of 9 was recorded in Makharomasuto
and Dramphou. The remaining lines were free from
sheath blight infection.

PULSES
PIGEONPEA
Twenty-one entries were evaluated for yield and
yield contributing traits at foot hills of Langol farm,
Imphal during kharif season. Out of 21 entries, 3
confirmed their superiority by yielding 2.6–3.2 t/
ha. Maximum seed yield was recorded in accession101 (3.2 t/ha) followed by accession-102 (2.9 t/
ha), accession-123 (2.62 t/ha) and UPAS-120 (2.61
t/ha).
Wide hybridization
Four cultivars of pigeon pea were selected for
crossing programme on the basis of agronomical
traits and susceptibility to insect-pests. They were
used as female parents in interspecific
hybridization. Cajanus scarabaeoides, a wild
species of pigeon pea collected from Andro, foot
hills of Imphal, (East Manipur) was used as donor
parent for introgression of resistant genes against
pod borer and pod boring weevil. The crossability
was recorded between 6.8 to 18.46%. Highest
crossability was recorded in the cross UPAS-120
X Cajanus scarabaeoides (Fig.2) followed by
ICPL-98015 X C. scarabaeoides and ICPL 88034
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Fig. 3. Tomato Selection RCT
Fig.2. UPAS-120 x Cajanus scarabaeoides

X C. scarabaeoides. The F1 hybrids have been
successfully survived under field conditions. In
general, morphological traits in F1 hybrid plants
were either similar or intermediate or exceeding
both the parents.
Fig. 4. Tomato Selection RCT-9

HORTICULTURE
VEGETABLES

RCMC 1 (Fig 5 & 6) followed by RCMC 2 (21.99
t/ha) and RCMC 4 (21.08 t/ha) as compared to
17.17 t/ha in Muktakeshi.

TOMATO
The improvement programme was undertaken
to develop high yielding tomato variety for
Manipur, particularly for paddy fallow condition.
The experiment was conducted with 9 advance
breeding lines of F12 generation. In terms of yield,
RCT 3 was found best (44.24 t/ha), followed by
RCT 1 (41.35 t/ha), RCT 6 (36.88 t/ha) and RCT 9
(34.48 t/ha). The yield data clearly indicated that
the selections RCT 3, RCT 1, RCT 6 and RCT 9
performed as good as commercial hybrid variety.
All these selections were more or less free from
wilt and fruit cracking (Figs 3 & 4).

Fig. 5. High yielding clone of Colocasia

Improvement programme on Colocasia
Evaluation of clonal selections from local
Colocasia germplasms was undertaken to indentify
some high yielding clones. The experiment was
conducted with 4 clonal selections of F5 generation
at Langol Farm. Four clonal selections viz. RCMC
1, RCMC 2, RCMC 3 and RCMC 4 were tested
with a released variety Muktakeshi as control.
Maximum yield (23.06 t/ha) were recorded in

Fig. 6. Yield performance of Colocasia accessions
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BRINJAL
Ten advance-breeding lines of F7 of brinjal were
evaluated for suitability at Manipur and resistant
to bacterial wilt. The released variety Arka Keshav
was used as control. Maximum yield (30.30 t/ha)
was recorded in RCMB 10 as compared to Arka
Keshav (25.70 t/ha). RCMB 5, RCMB 6 and
RCMB 9 were found free from bacterial wilt,
whereas, 30% plants of RCMB 10 were affected
by bacterial wilt. Selection RCMB 1(23.07 t/ha)
also performed well and showed resistance to
bacterial wilt (95% plants free from wilt).
FRENCH BEAN
Attempts for collection, evaluation and
selection of local germplasm of French bean were
under taken to develop suitable variety for this
region. MFBR 10A gave highest yield (24.46t/ha).
However, maximum number of seed per pod (6.60)
was recorded in CK 1 but maximum weight of 100
seeds was recorded in MFBR-36 (58.12 g). The
selections MFBR 26 and MFBR 24 exhibited
maximum length (18.54 mm) and width (7.71 mm)
of seeds, respectively. Almost all the accessions
were free from disease and pest attack.
DOLICHOS BEAN
Improvement Programme on Dolichos bean was
undertaken to develop suitable variety through
selection. Among the accessions studied, highest
yield (23.78 t/ha) was observed in accession 1296
followed by accession 1288 (21.69 t/ha). Accession
1296 was also found best in terms of mean seed
length (13.05 mm) and diameter (9.25 mm) and
100 seed weight (44.33 g).
SWEET POTATO
Ten clones of sweet potato were evaluated in a
replicated trial along with a local check under the
foot hill conditions of Manipur. ST-12 (Fig.7) was

Fig. 7. Sweet potato variety ST-12

found best (25.36 t/ha) followed by Gouri (23.99
t/ha). The results indicated that sweet potato could
be popularized among the hill farmers to get high
tuber yield which could help for sustainable
development and to combat vitamin A deficiency
in the hilly tribal areas of Manipur.
CASSAVA
Seven varieties of cassava along with a local
check were evaluated at Langol Farm, Manipur to
study their performance. Maximum number of
tubers per plant (9.75) and longest tuber (81.00 cm)
were recorded in Awang Khun (Fig 8); whereas,
widest tuber (17.33 cm) was observed in Sree
Prakash. Sree Prakash also produced highest yield
(63.70 t/ha), followed by Awang Khun (52.46 t/
ha).

Fig. 8. Cassava variety Awang Khun

FRUITS
Qualitative characterization of major and minor
fruits
Manipur is very rich in biodiversity of
horticultural crops, particularly fruit crops.
Pineapple, mandarin orange (Khasi mandarin),
rough lemon (kachai lemon), passion fruit and
papaya are the major fruit crops of Manipur. Among
the minor fruit crops, kiwi fruit, large winged
orange (Heiribob), Prunas berry (Khasi plum etc.)
and tree tomato are gaining importance. Therefore,
the study was taken up for physical and qualitative
characterization of some major and minor fruits
grown in Manipur. Six samples of large winged
orange (Heiribob) collected from Chandel district,
11 types of Khasi mandarin collected from
Tamenglong District, 175 samples of rough lemon
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parameters. Accession RCMT-1 performed best
(34.60 t/ha) followed by RCMT-8 (33.58 t/ha). But
highest curcumin percent (8.33%) was recorded in
RCMT-7 with a yield potential of 30 t/ha. So,
RCMT-1, RCMT-8 and RCMT-7 are recommended
as promising accessions for released as variety for
Manipur region.

(kachai lemon) collected from Kachai village and
surrounding area of Ukhrul district, 50 samples of
passion fruit var. Kaveri (purple) collected from
ICAR Langol Farm, Manipur and 25 samples of
kiwi fruit collected from Ukhrul district were
analyzed for some physio-chemical parameters
(Table 1).
Survey and management of important disease
of passion fruit
Survey was carried out for different diseases of
passion fruit. The following pathogens have been
isolated and identified from passion fruit.
Verticillium alboatrum, Fusarium oxysporum,
Fusarium solani, Fusarium redolense, Periconia
lateralis, Colletotrichum gloeosporioides,
Glomerella cingulata, Phomopsis tersa, Arthrinum
pheospermum, Epicoccum purpurascence,
Botryodiplodia theobrome.

FISHERIES
Studies on the growth performance of medium
Carp (Osteobrama belangeri) in monoculture
and composite Fish culture system in Manipur
Growth studies of of Pengba in composite fish
culture with Rohu, Catla, Mrigal, Grass carp, Silver
carp and Common carp were carried out in three
pond conditions (Table 2). The physicochemical
parameters of the experimental ponds are presented
in Table 3. After 4 moths stocking, maximum
percent weight gain was in pond I was recorded
with grass carp (2043 %) followed by Katla (660
%) in pond II. The percent weight gain of pengba
in pond I, II and III was 300 m 493 and 413 %,
respectively.

TURMERIC
The experiment was undertaken to develop
suitable variety of turmeric for Manipur by clonal
selection from potential indigenous germplasm. A
total of 21 advance breeding line of F5 generations
was evaluated based on different horticultural

Table 1. Physiochemical properties of some major and minor fruits of Manipur
Physiochemical parameters

Range
Khasi mandarin

Rough lemon
(kachai lemon)

Passion fruit

Kiwi fruit

Fruit weight (g)

10.31 - 109.90

60.83 - 80.93

57.00 - 77.50

56.74 - 96.91

Polar diameter (cm)

3.0 - 7.05

4.41 - 5.32

-

6.60 - 7.47

Equatorial diameter (cm)

2.62 - 6.69

4.06 - 5.55

-

3.88 - 4.62

Rind thickness (mm)

1.67 - 3.52

2.75 - 3.51

-

-

Locules per fruit (number)

7 - 12

-

-

-

Seeds per fruit (number)

7 - 22

7- 19

Juice content (ml)

8.00 - 44.00

12.60 - 57.33

32.50 - 69.00

35.00 - 40.00

TSS

7.0 - 12.50Brix

7.70 - 10.550 Brix 13.40 -15.500Brix 18.00 - 19.00%

Acidity (%)

0.67 - 1.31

5.45 - 6.15

5.40 - 6.15

0.98 - 1.34

pH

1.83 - 3.95

2.84 - 2.90

5.45 - 6.12

-

Ascorbic acid (mg/100 g)

-

35.63 - 51.00

17.12- 22.40

-

Reducing sugar (%)

1.93- 3.85

-

4.75 - 5.10

4.00 - 6.50

Non-reducing sugar (%)

0.07 - 0.82

-

0.95 - 1.35

3.26 - 4.94

Total sugar (%)

2.07 - 4.65

-

5.21 - 6.43

7.26 -10.21
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Table 2. Growth studies of Pengba in composite fish culture with Rohu, Catla, Mrigal, Grass
carp, Silver carp and Common carp
Species

Pond I
Stocking
ratio(%)

Rohu
Catla
Mrigal
Common carp
Silver carp
Grass carp
Pengba

10
10
10
25
15
10
20

Pond II

Initial
weight*
(gm)

%
weight
gain**

Stocking
ratio
(%)

38.28
49.40
47.69
57.50
47.97
25.29
29.40

317.97
657.09
340.34
439.13
341.94
2043.14
299.66

10
10
10
30
20
–
20

Pond III

Initial
weight*
(gm)

%
weight
gain**

38.00
45.40
50.34
53.01
49.00
–
28.40

435.00
659.91
456.22
471.59
520.41
–
493.31

Stocking
ratio
(%)
10
15
15
–
–
–
55

Initial
weight*
(gm)

%
weight
gain**

38.70
66.60
41.68
–
–
–
29.16

399.48
356.31
413.44
–
–
–
413.03

*Initial weight recorded in 1st May, 2008
**Weight recorded after 4 months i.e. 18th October, 2008

Table 3. Physicochemical parameters of the experimental ponds
Months
Pond I
Aug ,08
Sept,08
Oct,08
Pond II
Aug,08
Sept,08
Oct,08
Pond III
Aug,08
Sept,08
Oct,08

pH

Temperature (0C)

Dissolved oxygen (ppm)

Transparency (cm)

7.00 to 7.4
7.06 to 7.29
7.04 to 7.43

26.5 to29.7
27.5 to30.7
22to 29.5

5.1 to5.9
5.7 to6.8
5.4 t0 6.9

19 to 29
19 to 31
21 to33

7.01 to7.3
7.03 to7.27
7 to7.36

26.5 30.5
27.5 30.7
22 to 29.5

4.9 to5.3
5 to 5.8
5.2 to6.1

27 to36
25 to 37
21 to34

7.07 to7.27
7.00 to 7.25
7.01 to 7.41

26.5 to 30.5
26.7 to 30
23.2 to29.5

5.7 to6.8
5.1 to 6.2
5.2 to 6.2

22 to 32
17 to 28
19 to 34

SOCIAL SCIENCE
Economic evaluation of aquaculture based
farming systems
Economic analysis of paddy-cum-fish culture
was undertaken in Purul Akutpa village, Senapati
district using primary data collected through
proportionate random sampling technique. Paddycum-fish culture was an indigenous farming system
in the village, which is in practice since 25 years
though its popularization was a decade old. About
83 per cent of the households in the village
practiced the farming system with average farm
size of 0.40 ha. On an average, one ha under this
system realized net return of Rs. 30,610 per annum.
Labour cost shared about 54% of the total cost of

production with benefit cost ratio of 1.78, which
was much higher than the traditional rice
production (1.28). Besides generating year round
employment opportunities, a net profit of Rs. 28,
610 per hectare is earned annually. The annual
gross return calculated to be Rs.65, 140. The study
revealed that paddy-cum fish culture not only
improved the income level of the farmers but also
generated more employment opportunities of the
farm households.
Socio-economic analysis of agricultural systems
in the hillside areas of churchandpur,
tamenglong and chandel districts
Study on problems and constraints related to
agriculture in Tamenglong district was undertaken
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using primary data collected from three selected
villages, viz. Longmai, Reangkhong and
Awangkhul using proportional random sampling
technique. Weighted ranking technique was used
to prioritize the problems. Food insecurity was
recorded as the crucial problem in the selected
village. On an average, it ranged from 0.3 t/year of
rice in rich to 0.7 t/year in poor category
households. The food deficit for medium category
households had been calculated to be 0.5 t/year.
This also led to higher pressure on jhuming and
finally declined jhum cycle to 5 years at present.
The reason of low productivity (2.8 t/ha) of valley
lands resulted from non-adoption of recommended
package and practices. Lack of irrigation facilities
and manpower also constrained the cultivation on
terrace fields and thus, about 7 per cent of the
terrace fields are abandoned.
Policy implication
Scientific cultivation such as INM, introduction
of HYVs, quality seeds, scientific disease
management and farm mechanization, OFT,
demonstrations and improvement in own saved
seed production, potato seed production should be
encouraged. Introduction of oil or electric pumps
and construction of water harvesting structures by
tapping perennial source of water through SHGs,
drip irrigation for banana during water scarcity
period, digging Jalkunds for kitchen gardening and
animal rearing need to be demonstrated. Local
blacksmiths may be trained for manufacturing of
improved implements. The valley lands have
immense opportunities for rabi crops such as zerotillage mustard, potato, peas, cole crops and onion
provided with life saving irrigation facilities.
Intensive extension effort is required to break the
habit of practicing monocropping and
commercialization of rabi crops is required. If food
security criteria be fulfilled through scientific
cultivation of paddy, a small plot of about 0.250.50 ha of jhum plots could be used for commercial
production of king chilli, rabi maize as well as for
potato seed production or off season vegetable
cultivation. Citrus rejuvenation and cultivation of
betel leaf and black pepper at extensive scale and
plantation of 4-5 hatkora plants per household as
well as training on value addition on these crops
should be done through self-help groups (SHGs).

Replacement of local breeds by the improved
Hamsphire, target of 3 pigs (1 male + 2 female)
per family, training and demonstration on
management and cross breeding, training on rearing
of backyard poultry with dwell purpose Vanaraja
breed at a target of 20 numbers per household,
goatery on experimental basis, development of
integrated fish farming model on existing fish
ponds are the other important aspects. Introduction
of household crafts and weaving through SHGs is
also important to enhance family income.

TECHNOLOGY MISSION
Standardization of micro-propagation
techniques of banana and passion fruit
Experiment was carried out to standardize the
micro-propagation techniques for banana (Fig. 9)
and passion fruit. The protocol for
micropropagation of banana has already been
standardized. It was observed that the tissue culture
plantlets can be transferred to the main field within
7 months from its establishment in-vitro.
Standardization of mushrooms spawns and
mushroom production technologies with locally
available raw materials
The experiment was carried out to select most
suitable locally available raw materials for
production of mushroom (Pleurotus sp.) spawn.
Experimental results revealed that the banana
pseudo stem and paddy grain substrate was fully

Fig. 4. Tissue culture of banana
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colonized in 14 days, whereas, it took 28 days for
full colonization of banana pseudostem. The paddy
grain substrate was fully colonized in 17 days. The
growth of fungus on maize stem + paddy grain and
maize stem + banana pseudo stem + maize stem +
banana pseudostem + paddy grain was very slow
and poor.
Standardization of technology for off - season
vegetables production
The experiment was carried out at Lamphelpat
Farm to standardize a crop sequence for off season
vegetable cultivation under poly-house condition
in Manipur. King chilli was selected as first crop
in the cycle. The crop was transplanted in
November 2008 (normal time is May-June).
Normal agronomic practices were followed. The
crop started fruiting in April. An average yield of
1.25 kg fresh fruit/plant was recorded. King chilli
can be made available in market through off-season
cultivation under poly-house condition though it
required long time for maturity as compared to open
condition.
Effect of vermicompost on growth and yield of
broccoli
Two experiments were undertaken at
Lamphelpat Farm to study the effect of
vermicompost on growth and yield of broccoli (Fig.
10). The treatment combinations were 100% N
(vermicompost), 75% N (vermicompost) + 25% N
(urea), 50% N (vermicompost) + 50% N (urea),
25% N (vermicompost) + 75% N (urea) and 100%
N (urea) as control. Among the different treatment
combinations, maximum yield (20.23 t/ha) was
recorded with application of 25% N in the form of
vermicompost and 75% N through urea. The
objective of the second experiment was to study
the impact of vermicompost in combination with
microbial inoculants on broccoli. Along with
vermicompost, four microbial inoculants namely
Azotobacter, Azospirillum, PSB and VAM were
applied singly or in combination. Recommended
dose of NPK was taken as control. Results
indicated that application of vermicompost @ 8 t/
ha along with Azospirillum and PSB was the best
in term of yield (18.68 t/ha), followed by
recommended NPK (18.27 t/ha).

Standardization of paddy based vegetable
cropping system in Manipur
Due to severe water scarcity problem in winter
months, the experiment has been carried out at
Lamphelpat Farm in order to identify some draught
resistant tomato lines suitable for paddy fallow for
Manipur condition. Tomato Selection 9A was found
suitable in term of projected yield (43t/ha),
followed by Selection 11 (37.5 t/ha). Both lines
are resistant to fruit cracking and bacterial wilt.
Standardization of irrigation schedule through
bamboo drip in passion fruit
The experiment has been carried out to
standardize the live saving irrigation (water
requirement and irrigation interval) in passion fruit
through locally available bamboo drip. Preliminary
observations revealed that 3 liter of water at 3 days
interval during winter months appeared optimum
for passion fruit to get higher yield.

Fig. 5. Effect of vermicompost on broccoli

National Network on Integrated Development
of Jatropha
Performance of jatropha germplasms under
different trials
Different trials namely progeny trial, zonal trial,
national network trial, multilocational trial, spacing
trial and agri-silvicultural trial have been initiated
under this project. The trials are under progress.
As plants are yet to flower, no conclusion could be
drawn based on only growth parameters.
Progeny trial: The trial was initiated in July,
2006 with 13 genotypes. In term of vegetative
parameters, percent increased in plant height was
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maximum in JIP 02 (349.11%), whereas, TFRI 02
and JIP 15 were found promising in term of percent
increased in collar diameter (128.43%) and number
of branches per plant (131.53%).
Zonal trial: The trial was initiated in August
2006 with 6 genotypes. Among the different
genotypes, JIP 02 (265.38%) and JIP 17 (265.36%)
performed better with respect to percent increased
in plant height. The maximum increase in basal
stem girth (153.01%) and number of branches
(489.47%) was recorded in JIP 13 and JIP 17
respectively.
National network trial: The trial was initiated
in August 2006 with 6 genotypes. TFRI 01 was
found most promising accession in term of percent
increase in plant height (292.02%), whereas,
percent increase in basal stem girth (137.96%) and
number of branches per plant (203.27%) was
maximum in TFRI 02.
Multilocational trial: The trial was initiated
in July, 2007 with 10 genotypes. In term of
vegetative parameters, the maximum increase in
plant height (519.26%) was recorded in accession
JA 9. Bawal Selection stood first in term of
maximum increase in basal stem girth (104.14%),
whereas highest increase in number of branches
per plant (673.33%) was recorded in Pant Sel. JPL
103.
Spacing trial: The trial was initiated in March
2006 with two genotypes and three level of spacing
(2 x 2 m, 3 x 3 m and 3 x 4 m). Accession MNJ 005
spaced at 2 x 3 m showed maximum increase in
plant height (73.26%). Maximum increase in basal
stem girth (47.23%) was found in MNJ 005 spaced
at 3 x 3 m distance. MNJ 002 with 3 x 4 m spacing
recorded maximum increase in number of branches
per plant (228.25%).
Agri-silvicultural trial: Under agrisilvicultural trial, three crops were taken viz. sweet
potato (ver. Gauri), broad bean (Local) and French
bean (MFBR 26). The MFBR 26, a high yielding
accession of ICAR - Manipur Centre, was selected
from local French bean germplasm. All the crops
were planted in the interspaces for maximum
utilization of natural resources. The sweet potato
was included for checking the soil erosion,
whereas, the other legumes were selected for
incorporating nitrogen enrichment of the soil. All
three crops have shown quite encouraging results.

Insect pests and diseases of Jatropha
The virus infecting Jatropha and Ageratum
conyzoides weed has been identified as Tomato leaf
curl geminivirus based on sequence homology of
AC 4 gene of the virus. The nucleotide sequences
from Jatropha and Ageratum were submitted to
GenBank, accession numbers – EU 688960 and EU
688961 respectively. The causal organism of
powdery mildew was identified as Oidium state of
Erysiphe jatrophe. The other fungi isolated and
identified from Jatropha are Colletotrichum
gloeosporioides, Glomerella cingulata, Phoma
sorghina, Pestalotiopsis guepinii, Periconia
byssoides, Phoma exigua, Fusarium equesetti,
Botriodiplodia theobrome, Neocosmospora
vasinfecta and Phomopsis tersa. The incidence of
mosaic and powdery mildew in Jatropha from
various sites of collection has been reported in
Table 4.
Improvement of livelihood through low volume
high value crops
Agricultural diversification towards high-value
crops can potentially increase farm incomes.
However, non adoption of improved technologies
was the main barrier for success of high value
crops. Under this programme, suitable sites for high
value crops such as turmeric and king chilli were
selected in Rangpang and Sibilong village. Training
was conducted on production technology for skill
upgradation of the farmers. They were also
provided basic planting materials of turmeric and
king chilli. Turmeric plantation of 6 ha produced
80 t of turmeric rhizome and plantation of king
chilli in 6 ha area produced 1.2 t of king chilli
during the period under report.

NATURAL RESOURCE MANAGEMENT
Feasibility study on scientific farms’ saved seed
production and storage in major crops of
Manipur
Farmers maintained seed quality and crop yield
satisfactorily under treatments with standard seed
production and maintenance. Off types present
were less than 1% in rice and 3% in maize (PCM3). Seeds stored RC seed bin were able to germinate
after 2 seasons (20 months) in most of the crops
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Table 4. Incidence of mosaic and powdery mildew in jatropha
Accession No. Site of collection

MNJ-001
MNJ-002
MNJ-003
MNJ-004
MNJ-005
MNJ-006
JIP-02
JIP-13
JIP-15
JIP-17
TFRI-01
TFRI-02
TFRI-03
TFRI-04
PJ-01
PJ-02

% Plants infected

Chandel
Khumbong, Imphal West
Changangei, Imphal West
Sabal Leikai, Nambol, Bishnupur
Phoijingtongba Kabui, Nambol, Bishnupur
Pangei, Imphal West
SKUAST, Jammu
SKUAST, Jammu
SKUAST, Jammu
SKUAST, Jammu
Tropical forest research institute, Jabalpur

GB Pant Univ. of Agriculture & Technology, Pantnagar

(rice, maize, peas) under ambient conditions. Seed
villages were initiated in rice in three sites of two
different districts. In rice, the State Seed
Certification Cell, Manipur, certified some farmers’
seed.
Development of seed production packages of
important crops in Manipur
 In rice, transplanting was superior to direct
seeding to maintain seed purity.
 Seed production cost was reduced by
planting in rows and leaving 0.5 m gap after
reducing the off types as it eases in rouging.
 In rapeseed (M-27), early sowing through
zero tillage was favourable for time
isolation.
Development of seed storage technology
Use of botanicals in seed storage
The repellent activities in botanicals were
effective in the initial state, but sealed ones were
more in longer efficacy. However, treatments under
open were less effective for storage. Effect of
different plant product (powder form) against Rice
Weevil (Sitophilus oryzae) with weight loss % basis
at 1% concentration revealed that the treatment
Plectranthus ternifolious found to be most superior
among the plant product, which followed by

Mosaic

Powdery
mildew

50.00
28.57
0
12.80
33.33
12.50
33.33
66.66
20.00
0
50.00
20.00
0
0
62.50
85.71

0
14.28
0
12.80
16.66
12.50
16.66
0
0
20.00
16.66
0
12.50
12.50
0
0

Both mosaic &
powdery mildew
40.00
14.28
37.50
25.00
33.33
50.00
16.66
33.33
0
20.00
16.66
20.00
62.50
87.50
62.50
14.28

Goniothalamus sesquipedalis against the control.
All plant products were found superior against
Sitophilus oryzae as compared to control.
Insect mortality rate was low in all the plant
products at 3% concentration as it acted as repellent
action the pest. However, some plant product such
as Goniothalamus sesquipedalis and Plectranthus
ternifolious found to be superior then other plant
product.
In maize, 1% and 6% concentration of
Plectranhtus ternifolios recorded highest knock out
on maize weevil (Sitrophilus zeamais Mots.),
whereas, Goniothalamus sesquipedalis was found
good when applied @ 6%. However, insect
mortality was recoded highest in Goniothalamus
sesquipedalis at 1 and 3%, whereas, Plectranthus
ternifolious at 6% was most effective than
Goniothalamus sesquipedalis.
The effect of different plant products on
germination of rice, maize and mustard was tested.
Plectranhtus ternifolios was found suitable for rice
whereas, Goniothalamus sesquipedalis performed
best in case of maize and mustard.

TRANSFER OF TECHNOLOGY
The various activities in relation to transfer of
technologies in farmers field under NAIP,
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technology mission (MM1) are presented in Tables
5-6.
Table 5. Transfer of technology under
Technology Mission (MM I)
Topic of the Training / Demonstration

Numbers

Improved package of technology of Khasi
mandarin and kachai lemon
Replanting of unproductive Khasi
mandarin and Kachai lemon orchards
Improved production technology of
passion fruit
Improved cultivation of sweet potato
Improved production technology of
tomato for paddy fallows
Improved production technology of turmeric
Mushroom and spawn production technology
Production and protection technology
for banana
Seed tuber production technology from tips
Farmers’ fair cum exhibition

4

Fig. 11. Seed Tuber Production

4
1
2
3
3
5
1

Fig. 12. Farmers’Fair cum Exhibition

2
1

Table 6. Production and distribution of seed and
planting material under Technology
Mission (MM I)
Crop

Khasi Mandarin and Lemon seedlings (no)
Passion fruit rooted cuttings (no.)
Banana plantlets (no.)
Tomato seed (g)
French Bean (kg)
Pea seeds (kg)
Turmeric rhizome (kg)
Mushroom Spawn (packets)

Fig. 15. Quality seed production

Quantity/no.
distributed
13135
2200
1000
1275
100
8750
15000
2650

Fig. 13. ICAR Stall at Farmers’ Fair

Other extension activities of the centre
• Training programme on quality seed
production (Fig.15)
• Preparation of participatory action plan for
community based water management (Fig.
16)
• Workshop on production of hybrid maize
• Awareness programme on protection of plant
varieties and farmers’ right act (Fig. 17)

Fig. 16. Water management
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MIZORAM
WEATHER
The maximum average temperature (31.4ºC)
was recorded in the month of May and the
minimum (15.6ºC) in January, 2009. The
maximum relative humidity of 90.9% was observed
in August and the minimum in the month of
February 52.7%. The total annual rainfall recorded
during the year was 2213 mm. Maximum rainfall
of 664 mm was received in month of August. The
maximum amount of rainfall, recorded in a single
day was 300 mm, on 1st July 2008.

Fig. 2. View of the field of upland rice

maximum 1000 grain weight of 30.9g was recorded
with Bhalum-2 and minimum of 24 .5 was recorded
with Bhalum-1. The maximum yield of 1.92 t/ha
was recorded with RCPL1-115 and a minimum of
0.54 t/ha was recorded with RCPL1-103.
Table 1. Performance of different varieties of
upland rice
Variety

Plant
height
(cm)

No.
Panicle 1000
Yield
tillers length grain (t/ha)
per
(cm)
weight
hill
(g)

Bhamul-1
Bhalum-2
RCPL1-46
RCPL1-103
RCPL1-113
RCPL1-114
RCPL1-115
RCPL1-116

83.2
84.0
79.4
111.1
76.8
80.9
80.2
80.1

6.6
9.3
7.8
6.9
10.0
9.1
12.8
11.6

Fig. 1. Monthly mean weather of Kolasib 2008-09

CROP
PRODUCTION
PROTECTION

AND

RICE
Upland
Ten upland rice varieties were evaluated for
their yield potential (Fig 2). The spacing was 20 x
10 cm. A fertilizer dose of 80:50:40 NPK kg/ha
was applied uniformly in the rows before sowing.
The results (Table 1) revealed that variety RCPL1103 recorded maximum plant height while
minimum plant height was recorded with RCPL1113. The maximum number of tillers/ hill (12.8)
was recorded with variety RCPL 1-115 and the
minimum numbers of tillers per hills were recorded
with Bhalum-1. The maximum panicle length was
recorded in RCPL1-46 (24.7cm) while minimum
was recorded with RCPL1-115 (22.2 cm). The

23.6
24.2
24.7
24.6
23.3
24.6
22.2
23.4

24.5
30.9
30.5
26.3
26.9
25.4
28.8
28.9

1.39
1.23
1.05
0.54
1.17
1.11
1.92
1.15

Varietal evaluation trial of early duration
varieties AVT E U (H)
In a varietal evaluation trial, 13 varieties of early
duration were evaluated for their production
potential.. The varieties were sown with spacing
of 15 x 10 cm. A uniform fertilizer dose of NPK @
80:50:40 kg/ha was applied.
The results (Table 2) revealed that variety AVT
2511 recorded maximum plant height (93.66 cm).
The maximum number of tillers/ hill (21.0) was
recorded with the variety AVT 2502 and AVT 2509,
respectively. The longest panicle of 28 cm was
observed with variety AVT 2511. The heaviest grain
weight of 34g/1000 grain was observed in Iuron
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514 and the lightest grain weight of 23.9 g/1000
grains was observed with AVT 2512. Maximum
grain yield of 2.90 t/ha was recorded with AVT
2502 followed by AVT 2506, while the lowest yield
was observed with variety AVT 2503.

number of tillers/ hill (12.2) was recorded with
variety AVT 401. The variety Shasarang recorded
highest numbers of grain per panicles (232.1)
followed by AVT 401 (231.4).
Aromatic rice
In a varietal evaluation trial, 10 varieties of
aromatic rice were evaluated for their production
potential. The spacing was 20 x 10 cm. A uniform
fertilizer dose of NPK @ 100:60:40 kg/ha was
applied. The results (Table 4) revealed that
maximum plant height (77.2 cm) was recorded with
variety RCM-15. The maximum number of
productive tillers/ hill (8.0) was recorded with
variety RCPL-75, followed by RCPL-72 and
Shahsarang 1 (6.44 each). The maximum panicle
length (31.33 cm) was recorded with variety RCPL60 followed by Variety RCPL-72 (30.44 cm). The
highest grain yield was record in Shahsarang (0.69t/
ha) followed by RCM-16 (0.69 t/ha) and RCPL74 (0.59 t/ha).

Table 2. Performance of IVTE U (H) varieties
under upland conditions
Variety

AVT 2501
AVT 2502
AVT 2503
AVT 2504
AVT 2505
AVT 2506
AVT 2507
AVT 2508
AVT 2509
AVT 2510
AVT 2511
AVT 2512
Iuron 514

Plant No.
Panicle 1000
height tillers length Grain
(cm)
per
(cm)
weight
hill
(g)
79.0
78.8
86.3
75.6
77.1
62.8
59.7
58.7
54.1
47.6
93.6
68.9
89.2

11.0
21.0
15.0
15.0
13.0
20.0
14.0
13.0
9.0
21.0
12.0
10.0
10.0

24.0
27.0
21.0
23.0
25.0
25.8
22.0
23.8
21.0
20.0
28.0
22.7
26.7

26.13
32.47
27.73
27.40
26.57
28.33
28.20
28.47
27.27
27.87
32.20
23.90
34.00

Yield
(t/ha)

0.83
2.90
0.67
1.75
1.04
2.77
2.29
1.92
1.75
1.33
1.08
1.03
2.07

Table 4. Performance of different varieties of
aromatic rice

Lowland
In a varietal evaluation trial received from DRR
Hyderabad, 7 varieties of lowland rice were
evaluated for their production potential. The row
to row spacing was 20 cm and plant to plant 10
cm. A uniform fertilizer dose of NPK @ 100:60:40
kg/ha was applied.
The data presented in Table 3 revealed that
variety AVT 401 (106) has recorded lowest days
to 50 per cent flowering, followed by AVT 401 (109
days). Maximum plant height of 80.66 cm was
recorded with variety Shahsarang 1. The maximum

Variety

Height
(cm)

No. of
panicle

Panicle
length
(cm)

Grain
yield
(t/ha)

RCM-15
RCM-16
RCM-17
RCPL-60
RCPL-72
RCPL-73
RCPL-74
RCPL-75
RCPL-76
Shasarang 1

77.2
59.9
74.7
74.1
71.7
50.9
64.0
67.2
57.7
73.2

4.67
5.89
4.56
4.44
6.44
6.22
5.89
5.11
8.00
6.44

27.40
27.50
30.11
31.33
30.44
25.67
26.78
27.67
27.94
27.33

0.51
0.57
0.43
0.50
0.45
0.30
0.55
0.42
0.36
0.69

Table 3. Performance of IVT varieties under low land conditions during 2008-09
Variety

Days to
50%
flowering

Height
(cm)

No. of
panicle

No. of
grains/
panicle

401
402
403
404
405
406
Shasarang 1

106
109
111
112
119
122
119

62.5
58.6
57.8
53.8
46.0
61.9
80.6

12.2
11.7
11.5
11.1
6.7
11.5
11.3

231.4
202.7
219.7
128.1
137.9
171.4
232.1
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1000
Grain
wt. (g)

Straw
wt.
(q/ha)

Grain
yield
(q/ha)

24.3
25.9
24.9
25.3
24.9
27.2
25.1

32.7
27.3
32.8
37.9
33.2
32.9
27.5

46.1
31.1
35.3
36.4
20.2
50.6
48.9
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Fine rice (RCRT)
Six varieties of fine rice were evaluated for their
production potential. The spacing was 20 x 10 cm.
A uniform fertilizer dose of 100:60:40 kg N, P and
K/ ha was applied. The result (Table 5) revealed
that tallest plant (80.2 cm) was recorded with
variety RCPL-1-121, followed by RCPL-1-125
(79.1cm). The maximum number of productive
tillers/hill (10.44) was recorded with variety RCPL1-75. The longest panicle length was recorded with
variety RCPL-176 (29.78 cm). The maximum grain
was produced by the variety RCPL-1-75 (0.67 t/
ha).

Table 6. Performance of different varieties of
maize

Table 5. Performance of different varieties of
fine rice during 2008-09

Table 7. Major and minor insect pests of maize

Variety

RCPL-1-73
RCPL-1-75
RCPL-1-76
RCPL-1-119
RCPL-1-121
RCPL-1-125

Height
(cm)

61.6
62.3
70.2
73.8
80.2
79.1

No. of Panicle
panicle length
(cm)
9.67
10.44
10.33
9.00
7.67
7.11

25.56
27.78
29.78
26.67
28.11
27.44

Variety

Plant
height
(cm)

Cob
length
(cm)

Cob
weight
(g)

Grain
yield
(t/ha)

HIM-129
VIVEK-25
VIVEK HY-23
VIVEK HY-9
VIVEK HY-15
VIVEK HY-21
VIVEK HY-20
VIVEK HY-05

188.4
163.8
167.1
199.7
209.0
218.4
214.4
189.2

17.20
17.67
15.77
16.67
17.43
17.78
14.77
17.87

618
683
667
750
650
700
550
700

7.60
6.16
6.72
6.39
10.35
10.46
8.06
6.94

Major pests

Minor pests

Grain
yield
(t/ha)

Stem borer, Chilo partllus

0.39
0.36
0.67
0.47
0.35
0.35

Cob borer, Stenachroia
elogella
White borer, Sesamia
inferens
Grasshopper,
Attractomorpha crenulata
Aphids, Rhopalosiphum
maidis

Grasshopper, Hieroglyphus
nigrorepletus
Termite, Odontotermes sp.

MAIZE

Leaf webber, Marasmia
trapezalis
Ash weevil, Myllocerus spp.
Cut worm, Mythemia
separata

was noticed until harvest. Cob borer (Fig. 4)
incidence was noticed during cob formation stage.
Aphids were also fund until harvest of plants.

Varietal screening trial for yield potential
Eight varieties of maize were evaluated for their
yield potential during kharif season. The spacing
was 60 x 30 cm. A uniform dose of FYM @ 15t/
ha was applied. The results (Table 6) revealed that
maximum plant height (276.3 cm) was recorded
with Vijaya Composite. Maximum cob length was
observed with RCM 1-1 (18 cm) and Vijaya
Composite (17.6 cm). The heaviest cob was found
to be RCM 1-3(222.3 g) and Hemant (222.3 g).
Vivek HY 21 and Vivek HY 15 were found
promising for higher yields.
Maize stem borer, cob borer and aphids were
the major insect pests of maize (Table 7) in both
Jhum and terraced cultivation. Termite was also
found in the early crop stage. The incidence of pink
borer was very low. Maize stem borer (Fig. 3)
infests the crop usually a month after sowing and
causes windowing and dead hearts. The infestation

Fig. 3. Maize stem borer larva and its damage
symptoms

Fig. 4. Cob borer larva and its symptom
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Table 9. Effect of INM on productivity of
groundnut

OILSEED
GROUNDNUT
Groundnut variety ICGS-76 was evaluated to
determine the boron requirement of bold seeded
groundnut during kharif season. The treatments
comprised of different boron sources either foliar
application or as soil application or as seed dressing
and a control. The crop was sown at a spacing of
45 x 10 cm. Maximum pod yield 1.82 t/ha was
recorded with application of Colemanite (2 kg/ha)
as soil application (Table 8).

Treatment
Control
FYM10t/ha
P50
P50 + FYM10t/ha
P50+K50
P50+K50 + Lime (L)2.5 t/ha)
P50+K50 + L2.5 +Mo
P50+K50 + L2.5 + boron
Control + PGPR 4
FYM10t/ha + PGPR 4
P50+ PGPR 4
P50 + FYM10t/ha + PGPR 4
P50+K50+ PGPR 4
P50+K50 +L2.5 + PGPR 4
P50+K50 + L2.6 +Mo+ PGPR 4
P50+K50+ L2.5 + boron + PGPR 4

Table 8. Effect of different sources of boron on
yield of groundnut
Boron source
Colemanite Soil application
Colemanite Seed Dressing
Colemanite Foliar Spray
Solubur-Soil application
Solubur- Foliar Spray
Borosol Soil application
Borosol Foliar Spray
Borax
Boric acid
Control

Pod yield (t/ha )
1.82
1.38
1.27
1.43
1.30
1.64
1.53
1.13
1.34
1.02

0.55
1.25
0.75
1.33
1.25
1.67
1.88
2.19
0.65
1.31
0.85
1.39
1.29
2.13
2.13
2.13

Table 10. Effect of different nutrient
combination on yield of groundnut

Integrated Nutrient Management (INM)
Groundnut var.ICGS-76 was tested under
different source of nutrient for the sustainable
productiont. The treatments were different fertilizer
sources either alone or in combination. Maximum
pod yield of 2.19 (t/ha) was obtained with P50+K50
L2.5 (t/ha) + boron (Table 9).
Nutrition of bold seeded groundnut
Performance of groundnut variety ICGS-76 and
GG-10 were evaluated under different fertility
levels to determine the nutritional requirement of
bold seeded groundnut during kharif season. The
treatments comprised of different fertilizer levels
either alone or in combination along with
recommended fertilizer dose and a control. The
crop was sown with a spacing of 45 x10 cm. The
results (Table 10) revealed that maximum pod yield
of 1.32 and 1.35 t/ha were recorded with GG-10
and ICGS-76, respectively, on application of P50
+ K100 + Lime 2.5t/ha+ FYM 10t/ha.

Pod yield (t/ha)

Variety

Nutrition
treatment

Pod
Variety
yield
(t/ha)

Nutrition
treatment

Pod
yield
(t/ha)

ICGS-76
ICGS-76
ICGS-76
ICGS-76

Control
P50 kg/ha
K100
Lime 2.5
t/ha
P50+ Lime
2.5 t/ha
P50+K100
+ Lime 2.5
t/ha
P50+K100
+ Lime 2.5
t/ha +B 1kg
P50+K100
+ Lime 2.5
t/ha + FYM
10t/ha

0.30
0.49
0.52
0.58

GG-10
GG-10
GG-10
GG-10

0.28
0.40
0.35
0.56

0.79

GG-10

0.81

GG-10

1.13

GG-10

1.35

GG-10

Control
P50
K100
Lime 2.5
t/ha
P50+ Lime
2.5 t/ha
P50+K100
+ Lime 2.5
t/ha
P50+K100
+ Lime 2.5
t/ha +B1kg
P50+K100
+ Lime 2.5
t/ha + FYM
10t/ha

ICGS-76
ICGS-76

ICGS-76

ICGS-76

0.69
0.76

1.11

1.32

Insect pests of groundnut
Groundnut was damaged by a number insect
pests of which leaf miner, blister beetle, aphid,
earwig, termite, leaf webber and white grub were
important. The leaf miner was very serious pest
and cause yield loss up to 20-25 per cent. The soil
insect like termite, earwig and white grub were
major yield limiting factors.
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MUSTARD

GREEN GRAM

Insect pests of mustard
More than 30 insect pests were found infesting
the mustard viz., mustard sawfly, cabbage butterflie,
aphids, flea beetle, painted bug and pod borer.
Mustard aphid was the main pest of mustard
causing 25-30 per cent reduction in yield. Cabbage
butterflies were the common insect pest causing
yield loss to the mustard crop.

Insect pests of green gram
The insect pests of green gram recorded were
stem fly, blister beetle, aphids, leaf folder, pod
borer, jassids, flea beetle, green shield bug, leaf
footed bug, semilooper, grasshopper. Some of the
minor insect pests like hairy caterpillars, ash
weevil, etc. were also recorded. Blister beetle was
the most serious pest of green gram and cause yield
loss up to 25-30 per cent

SOYABEAN

Evaluation of biopesticides, chemical
insecticides against blister beetles, Mylabris
pustulata and Epicauta sp.
Spray with monocrotophos was noticed
significantly most effective in reducing the adult
population of M. pustulata (94.71 per cent) as well
as Epicauta sp. (91.96 per cent) over the season.
Neem pesticides and microbial pesticides proved
moderately effective against blister beetles (Figs.
5-7).

Insect pests of Hairy caterpillar
Soybean was attacked by about 20-25 insect
pests among which stem fly, leaf webber/folder,
pod boring weevil, aphid, epilachna beetle were
the most destructive insect pests. These folders
were voracious feeders and caused loss in soybean
yield up to 10 per cent. Stem fly was causing 1520 per cent yield loss.

PULSES
PIGEONPEA
Pod boring weevil, pod fly, stem borer were the
major insect pests of red gram. Among these insect
pests, pod boring weevil was serious pest and it
alone causes 70 to 80 per cent damage to the pods
and 40-50 per cent to the grains.
LENTIL
Leaf folder aphids, leafhoppers and pod borer
were recorded as major insect pests of lentil.
Leafhoppers and aphids suck the sap from the
plants and cause yield loss up to 10-15 per cent.
Some of the insects like ash weevil, grasshopper,
etc were considered as minor insect pests.
PEA
Leaf miner, aphids, pod borers, plume moth, pod
fly, blue butterflies were the major insect pests of
pea. The pod fly maggots feed on the seeds inside
the pods. Leaf miner was noticed from vegetative
stage to till maturity stage and causing economic
damage to the crop. Aphids suck the sap and cause
severe damage.

Fig. 5. Bio-efficacy of biopesticides and insecticides
on population reduction of M. pustulata

Fig. 6. Bio-efficacy of biopesticides and insecticides
on population reduction of Epicauta sp.
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BLACK GRAM
Mean M. pustulata adult population over the
season indicated that the spraying of Imidacloprid
17.8% SL, Chlorpyriphos 20% EC and Dimethoate
30% EC was most effective with minimum of 0.1
adult per plant. In the case of Epicauta sp., the adult
population over the season indicated that the
spraying of Imidacloprid 17.8% SL was noticed
more effective with cent per cent reduction in the
adult population.

BANANA
The most important insect pests of banana
recorded were pseudostem borer (Fig.9), banana
beetle (Fig.10), skipper (Fig.11), aphids and
rhizome weevil. Pseudostem borer was serious pest
of banana and cause yield loss up to 25-50 per cent.

Fig.9. Grub of
pseudostem borer

Fig.10. Banana beetle

Fig.7. Bio-efficacy of biopesticides and chemical
insecticides against blister beetles

HORTICULTURE
CITRUS
Twenty six species of insect pests were recorded
attacking citrus. Insect pests attacking Khasi
mandarin were citrus leaf miner, lemon butterfly
citrus trunk borer, aphids, psylla, fruit sucking
moths, fruit fly, green sting bug, scale and mealy
bug

Fig.11. Banana skipper

Fig 8. Seasonal incidence of insect pests of Khasi mandarin nursery
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PASSION FRUIT
The most important insect pests recorded were
fruit flies (Fig.12), vine bug (Fig.13), stink bug
(Fig.14) and leaf beetle. If fruits are punctured by
fruit flies when nearly mature, the only effect is an
external scar and it cause yield loss up to 10-15
per cent by damaging the fruits.

Fig.12. Fruit fly damage

GUAVA
Guava was infested by more than 25 insect pests
and among them guava trunk borer, scale, white
fly, fruit sucking moths and fruit flies were the
most serious pests causing a very serious losses to
the guava trees. The trunk borer losses in the guava
orchard ranged from 25-75 per cent. The fruit
sucking moths were major yield and quality
limiting factor in guava cultivation. There were 1015 species of fruit sucking moths infesting the
fruits. Fruit sucking bug, armed scales were
considered of minor importance to guava
cultivation. Some non-insect pests like rat and pat
were also causing damage to the guava fruits. Tea
mosquito bug was major insect pest present almost
throughout the period causing yield loss up to 1520 per cent.
TOMATO

Fig.13. Vine bug

Fig.14. Stink bug

Natural enemies
Only ‘Reduvids’ was recorded during the period
of investigation. Both the nymphs and adult were
found abundantly during early stage of crop growth.

Evaluation of tomato hybrids
Thirty tomato hybrids were tested (Table 11).
Twenty-five days old seedlings were transplanted
at 50 x 50 cm in 4 x 2 m sized plots.
Single fruit weight varied from 42.0-72.7 g,
number of fruits from 16.9-37.7 and fruit yield from
1.013-1.996 kg per plant. Nine hybrids showed
significantly higher fruit yield highest highest
being with Arvind (2.0 kg) followed by Rita (1.92
kg), NIZ-124 (1.83 kg), Avinash-2 (1.64 kg), NP169 (1.59 kg), BSS-3000 (1.58 kg), TO-017 (1.52

Table 11. Performance hybrids of tomato
Hybrid

Fruit
length (cm)

Fruit
breath (cm)

Fruit
size (cm2)

Single
fruit wt. (g)

No. fruit/
plant

Yield/
plant (kg)

Pusa Hybrid-1
Pusa Divya
TO-017
Avinash-2
Arvind
TO-1458
NP-169
BSS-3000
Rita
Average of 30 fruits
Range
SEm
CD at 5%

38.5
47.6
50.8
55.8
49.5
43.6
46.6
38.4
50.4
47.0
38.4-55.8
0.8
2.2

40.5
50.0
45.6
54.1
50.5
45.4
45.8
46.4
47.0
47.2
40.5-54.1
0.8
2.2

1558.2
2385.1
2319.5
3022.6
2500.2
1978.6
2137.1
1780.4
2373.0
2224.8
1558.2-3022.6
70.5
199.5

55.7
70.1
45.0
72.7
57.4
52.2
47.4
42.0
52.3
54.3
42.0-72.7
1.5
4.3

21.3
21.1
33.8
22.5
34.8
28.5
33.6
37.7
36.6
26.2
16.9-37.7
1.1
3.0

1.185
1.477*
1.523*
1.639*
1.996*
1.488*
1.589*
1.584*
1.918*
1.395
1.013-1.996
0.071
0.201

*significant at 5 %
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kg), TO-1458 (1.49 kg) and Pusa Divya (1.48 kg).
The uniformity in fruit shape, attractive colour and
calyx persistency were excellent for Avinnash-2.
Integrated nutrient management and their
effects on yield in tomato
Five treatments with various doses of fertilizer
and vermicompost were evaluated to study the
effect on growth and yield of tomato hybrid
Avinash-2. Plant height, fruit number and fruit
yield/ plant have significant response as compared
to vermicompost alone (Table 12). Post harvest life
of fruit increased by 70-250 % with the application
of vermicompost as compared to fertilizer alone,
therefore, it is advisable to apply vermicompost
especially in summer tomato to enhance the shelf
life of fruits. The present study indicates that
integration of vermicompost along with fertilizer

enhances the growth of plant, yield potential and
quality of fruit. There was no significant response
of treatments on stem thickness and fruit size. Nonsignificant fruit size reveals that vermicompost had
no affect on cell expansion and or cell division of
fruits.
Standardization of growth regulators to enhance
the yield of tomato
Five treatments (Table 13) of various doses of
NAA and 2,4-D were sprayed four times from full
bloom stage onwards at weekly interval to examine
the effect of PGR on yield and quality of tomato
hybrid Jaya at ICAR Farm, Kolasib. Number of
fruits/ plant, fruit size, fruit yield/ plant and
productivity were maximum in NAA @ 20 ppm.
Nevertheless, there was no significant effect of
PGRs on enhancement of fruit length.

Table 12. Effect of vermicompost on growth, yield and quality of tomato
Treatment

Plant
height
(cm)

Stem
thickness
(mm)

Fruit
size
(cm2)

T1
T2
T3
T4
T5
SEm
CD at 5 %

99.4
96.7
102.0
106.5
89.4
2.8
9.1

15.9
16.0
16.2
14.9
15.3
NS
-

30.6
36.2
36.8
33.6
32.8
NS
-

Fruit
density

No. of
fruits/
plant

Single
fruit
weight
(g)

Fruit
yield/
plant
(kg)

0.794
0.897
0.912
0.906
0.975
0.009
0.029

37.1
36.7
35.8
30.1
23.4
0.6
1.9

83.1
90.2
93.6
87.5
82.4
1.3
4.2

3.08
3.32
3.38
2.64
1.93
0.21
0.68

Post
harvest
life
(day)
6.9
12.2
13.7
14.6
16.5
0.6
2.1

TSS
(0 Brix)

4.4
4.4
4.6
5.1
5.1
0.2
0.6

(T1: 100 % dose of fertilizer + 0 % dose of vermicompost; T2: 75 % dose of fertilizer + 25 % dose of vermicompost; T3: 50%
dose of fertilizer + 50 % dose of vermicompost; T4: 25 % dose of fertilizer + 75 % dose of vermicompost; T5: 0 % dose of
fertilizer + 100 % dose of vermicompost; Fertilizer dose @ 120: 60: 60 kg NPK/ ha and Vermicompost dose @ 15 t/ ha)

Table 13. Effect of PGRs on yield and quality of tomato
Treatment

T1
T2
T3
T4
T5
T6
SEm
CD at 5%

Fruit
length (cm)
4.5
4.5
4.5
4.5
4.6
4.3
NS
0.5

Fruit
Fruit
Single
breadth (cm) size (cm2) fruit wt (g)
4.4
4.5
4.8
4.8
4.7
4.1
0.1
0.2

20.0
20.4
21.9
21.6
21.5
17.6
0.8
2.5

43.7
45.7
55.7
48.2
48.0
41.1
1.3
4.0

No.fruits
/plant
16.5
17.9
21.3
18.4
18.0
17.2
0.8
2.4

Yield/
plant (kg)

Yield
(t/ ha)

TSS
(0Brix)

0.72
0.82
1.19
0.88
0.86
0.70
0.04
0.13

21.7
24.6
35.6
26.6
25.9
21.1
1.2
3.9

5.5
6.3
5.6
5.3
4.8
4.8
0.1
0.3

(T1: NAA@ 10 ppm; T2: NAA@ 15 ppm; T3: NAA@ 20 ppm; T4: 2,4-D @ 2 ppm and T5: 2,4-D @ 4 ppm. Sprayed four
times at weekly interval from full bloom stage and onwards)
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Insect pests
Major insect pests of tomato recorded were
fruit borer, thrips, aphids, jassids, leaf miner and
fruit fly. Fruit borer was recorded causing very
severe damage to the crop and yield loss up to 2025 per cent. Fruit fly was most serious insect pest
and damaged fruits were unfit for consumption.

quality and quantity deterioration was the fruit and
shoot borer. It attacks shoots in the early stages
affecting plant growth whereas in later stages larvae
prefer fruits to shoots. Some other insect pests like
aphids, jassids, mealy bug, scale, flea beetle and
epilachna beetle were also considered as major
insect pests of brinjal.

Succession and seasonal incidence of important
insect pests
During the season, the incidence of aphids
commenced from 2nd week of November. The aphid
population reached the peak infestation level at last
week of December. The fruit borer population
reached higher level at second and third week of
January (Fig. 15).

FRENCH BEAN
Effect of sowing time on growth and green pod
yield of French bean (Table 14) during winter
season was studied. The variety ‘Arka Komal’ was
sown on 11th November (S1), 22th November (S2),
1st December (S3) and 12th December (S4). Pod
length, pod weight and pod yield were highest for
second sowing i.e. 22 th November, moreover
number of pods per plant was at par in first and
second sowing.
Table 14. Effect of time of sowing pod on yield
and yield attributing traits in French
bean

Fig 15. Pest complex of tomato over period of time

CHILLI
The major insect pests recorded were aphids,
mealy bugs, whitefl, fruit flies, stink bug, scale,
flea beetle. Both nymphs and adults of aphids,
white fly and mealy bug suck the sap from the
leaves, twigs, fruits and cause severe damage to
the crop. Fruit fly was most destructive insect pest
of chilli.
BHINDI
Major insect pests of bhindi recorded were fruit
borer, shoot borer, flower beetle, jassids, aphids,
semilooper, leaf roller, fruit bugs. Blister beetle was
causing 50-100 per cent loss on bhindi. Ash weevil
and flea beetle were also recorded as major insect
of bhendi.
BRINJAL
Insect pests were major constraints in the
production of brinjal and key pest responsible for

Treatment

Pod
length
(cm)

Pod
weight
(g)

No. of
pods/
plant

S1
S2
S3
S4
Average
SEm
CD at 5%

12.0
13.5
11.9
11.6
12.3
0.2
0.8

6.3
7.4
6.1
5.3
6.3
0.3
0.8

14.5
13.8
11.3
8.5
12.0
0.4
1.2

Pod yield
/ plant
(g)
91.4
102.5
68.9
44.7
76.9
4.1
13.0

COLE CROPS
Mulching and water use efficiency in broccoli
Although the average annual rainfall of
Mizoram is around 350 cm, yet winter season
vegetable (October-April) is facing a lot of problem
due water scarcity. The aforementioned period
receives only 10-12 % rain which is very erratic.
Due to this, winter season vegetables face the
problem of water. In view of this burning issue, an
experiment of mulching was designed and executed
to examine its efficacy (water use efficiency) and
its effect on growth and development of broccoli
plants and heads (Table 15). Three treatment
combinations namely, without mulch and need
based irrigation (T1), with mulch and 30 %
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Table 15. Effect of mulching and watering on yield and yield attributing parameters of broccoli
Treatment

Gross
plant
wt (g)

No. of
leaves

T1
T2
T3
Average
S.Em
CD at 5%

910
1156
1190
1085
18
69

13.7
13.4
14.5
13.9
NS

Total
leaf
wt (g)

Head
wt (g)

Avg.
leaf
wt (g)

Harvest
index
(%)

272
309
341
307
9
34

35.2
51.6
50.0
45.6
1.4
5.4

29.6
26.8
28.7
28
NS

482
692
726
634
4
15

Postharvest
life (day)
5.8
7.8
7.9
7.2
0.2
0.9

Maturity
(day)

68.5
76.3
79.8
74.9
2.1
8.4

Yield
(t/ ha)

11.6
13.1
14.5
13.1
0.36
1.43

irrigation (T2) and with mulch and 70 % irrigation
(T3) were designed.
Locally available dried grasses were used as
mulch. Twenty-five days old seedlings of hybrid
Pushpa were transplanted at a spacing of 50 x 40
cm on 11th November. Treatment mulching with
70 % irrigation (T3) was found to be better with
respect of head weight, yield and other yield
attributing traits which is also at par with T2 (with
mulch and 30 % irrigation). The present study,
therefore, reveals that broccoli cultivation would
profitable by practicing mulching with 30 %
irrigation (T2) which saves water up to 70 %.

Succession and seasonal incidence of important
insect pests in broccoli
During the season, sawfly and cabbage butterfly
were the first to invade the crop at seedling stage.
The aphid population reached the peak infestation
level at first week of March. The cabbage butterfly
population reached more level at last week of
December and first week of January. Diamond
Back Moth was more abundant during the month
of February.

Insect pest complex of broccoli
Insect-pest complex of broccoli were studied
along with their nature of damage, occurance and
status (Table 16)

Effect of time of sowing on carrot yield
Effect of different sowing date and variety on
growth and development of carrot root was studied
(Table 17). Two varieties i.e. ‘Pusa Yamdagini’

CARROT

Table 16. Insect pest complex of broccoli
Common
name

Scientific
name

Family/
Order

Crop stage of
infestation

Cabbage
butterfly
Diamond
back moth

Pieris
brassicae
Plutella
xylostella
(Linn.)

Pieridae/
Lepodoptera
Plutellidae/
Lepidoptera

Vegetative and
flowering stages
Vegetative,
flowering and
pod formation
stages

Mustard aphid Lipaphis
erysimi
(Kalt.)
Green peach
Myzus
aphid
persicae
(Sulz.)
Flea beetle
Phyllotreta
cruciferae
Goeze.

Aphididae/
Hemiptera
Aphididae/
Hemiptera
Chrysomelidae/
Coleoptera

Nature of the
damage

Occurrence Status

Larvae feed on
leaves
Larvae scrape green
tissues and make holes
on leaves, bores into
pods feeding on
developing seeds
Seedling, vegetative, Suck the sap from leaves,
flowering, pod
stems, Inflorescence and
formation stages
developing pods
Flowering and pod Suck the sap from leaves,
formation stages
stems, Inflorescence and
developing pods
Seedling to harvest Adults bite shot holes
on leaves, nibble the
green tissues of pods
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Table 17. Effect of time of sowing on root yield and yield attributing traits in carrot
Treatment

Gross
plant
wt (g)

Root
wt
(g)

Leaf
wt
(g)

Root
length
(cm)

Leaf
length
(cm)

Root
dia.
(mm)

Root/
leaf
ratio

V1S1
V1S2
V1S3
V2S1
V2S2
V2S3
Average
S.Em
CD at 5%

107.5
71.7
53.2
77.4
52.0
38.3
66.7
4.6
14.3

89.5
60.5
44.4
63.0
42.7
31.8
55.3
3.8
12.0

18.0
11.2
8.8
14.4
9.4
6.5
11.4
1.3
4.0

13.9
11.5
10.9
13.2
11.6
10.6
11.9
NS
3.9

33.3
32.4
26.3
26.5
26.0
25.7
28.4
NS
6.5

31.2
26.1
23.2
27.4
23.0
21.2
25.4
1.7
5.4

5.0
5.6
5.1
4.4
4.8
5.0
5.0
NS
1.6

(V1) and ‘Nantes’ (V2) were sown on 11 th
November (S1), 23 rd November (S2) and 4 th
December (S3) to evaluate their performance.
Seeds were sown on 40 cm spaced ridge and plant
to plant spacing was maintained at 5 cm by thinning
after germination for proper development of roots.
The experiment was designed with four replications
each having 15 ridges of 3 m length. Root length,
root diameter and root yield was found to be higher
in Pusa Yamdagini. First sowing on 11th November
resulted better yield followed by second sowing.
There was no significant effect of sowing and
varieties on root length, leaf length and harvest
index.
SPICES

Harvest
index
(%)

Root
yield
(t/ ha)

83.3
84.5
83.5
81.4
81.6
82.8
82.9
NS
5.0

26.9
18.2
13.3
18.9
12.8
9.5
16.6
1.14
3.59

highest for Local-16 followed by Local-3, Local9, RCT-1 and Local-4. Among twenty-seven
genotypes; Narendra Haldi-1, BSR-2, Rajendra
Sonia, Local-1, Local-2, Local-3, Local-4, Local6 and Local-16 showed susceptible reaction to leaf
blotch (Taphrina maculans) and leaf spot
(Colletotrichum curcumae and C. capsici) during
mid October 2008.
Field evaluation of biopesticides and insecticides
against turmeric thrips, Panchaetothrips indicus
Bagnall in turmeric
Thrips population over the season indicated that
the spraying of imidacloprid was significantly most
effective in reducing the thrips population (96.68
%) (Fig.16) followed by cypermethrin (93.34 %).

TURMERIC
Variability for various economic traits among
turmeric cultivars and germplasms
Twenty-seven genotypes (Table 18) including
eleven varieties, and 16 local variants collected
from different part of Mizoram were evaluated for
various economic and quality traits. Thirty seed
rhizome were sown in each plot at the spacing of
33 x 30 cm on first week of May. Appreciable
amount of variation was measured for plant height
which is ranged from 56.3-130.3 cm, leaf length
from 29.2-65.6 cm, leaf width from 9.9-17.7 cm,
plant thickness from 10.9-24.6, leaf area from
228.3-1125.8 cm2, tillers from 2.57-6.45 per plant,
rhizome weight from 207-559 g per plant, yield
5.169-13.984 kg per plot (3 m2) and dry weight
percentage from 11.3-26.0 %. Yield was recorded

Fig.16. Bio-efficacy of biopesticides and
insecticides on population reduction of P indicus

Insect pests of ginger
The major insect pests reported were the stem
borer/rhizome borer, thrips, skipper, chrysomelid
beetles. Skipper was one of the most destructive
pests of ginger and cause damage more than 10-15
per cent to ginger crop. Stem borer were found to
cause damage up to 30 per cent to shoots.
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Table 18. Mean performance and variability for various economic and quality traits among
turmeric genotypes
Genotype
RCT-1
Suranjana
Narendra Haldi-1
IISR Allepy Supreme
IISR Kedaram
IISR Pratibha
Duggirala
BSR-2
Rajendra Sonia
Rasmi
Roma
Local-1
Local-2
Local-3
Local-4
Local-5
Local-6
Local-7
Local-8
Local-9
Local-10
Local-11
Local-12
Local-13
Local-14
Local-15
Local-16
Average
Range
SEm
CD at 5%
A: Plant height (cm)
E: Leaf area (cm2)
I: Yield (t/ha)

A
87.8
66.9
65.2
72.7
67.3
69.3
62.7
56.3
66.0
79.2
74.8
100.7
101.6
67.3
81.0
91.9
105.9
92.5
115.0
116.1
101.0
88.5
102.1
74.7
79.3
88.3
130.3
85.4
56.3130.3
3.0
8.4

B
43.5
32.2
32.3
38.7
35.3
37.3
32.1
29.2
33.2
41.4
37.1
51.2
48.8
34.7
40.3
47.7
52.6
42.1
53.9
53.0
46.7
42.7
49.3
37.8
38.5
40.5
65.6
42.1
29.265.6
1.6
4.6

C
14.1
11.6
10.3
13.1
13.1
12.7
12.1
10.4
11.0
14.2
12.3
14.0
15.6
12.9
13.0
12.9
13.6
11.0
14.5
14.2
11.7
12.5
13.6
9.9
12.7
11.3
17.2
12.8
9.917.2
0.7
1.9

D

E

19.8
462.5
14.6
280.2
13.1
253.0
16.5
381.3
15.5
347.2
15.7
362.6
14.3
291.5
10.9
228.3
12.4
275.1
16.5
440.9
15.6
344.8
20.4
718.5
22.3
758.7
21.8
446.2
20.0
526.0
21.8
616.2
17.6
716.1
11.6
463.4
17.5
783.9
19.5
752.6
14.3
542.2
14.7
537.0
16.4
672.5
15.0
376.9
13.7
487.4
13.2
462.7
24.6 1125.8
16.6
505.7
10.9- 228.324.6 1125.8
0.9
38.5
2.5
109.0

F
5.02
3.69
3.98
4.95
5.28
5.20
3.71
3.51
3.64
5.05
4.59
3.59
3.81
2.57
4.74
6.45
3.38
3.84
4.01
4.64
4.74
4.23
4.63
4.11
4.22
4.70
5.09
4.35
2.576.45
0.30
0.84

G
224
204
195
222
221
222
221
206
196
224
224
190
185
192
208
212
197
208
212
209
207
213
187
207
216
207
190
207
185224
4
10

H
461
334
321
364
300
318
283
207
276
297
312
388
393
284
515
469
394
343
325
499
326
435
326
328
354
427
559
364
207559
2446.6
682.01

I
38.4
27.8
26.7
30.3
25.0
26.53
23.57
17.23
23.0
24.8
26.0
32.3
32.7
23.6
42.9
37.3
32.8
28.6
27.1
41.5
27.2
36.2
27.1
27.3
29.4
35.6
46.6
30.3
17.2346.6
2.01
5.68

J

K

23.3
17.0
11.3
22.1
26.0
26.0
21.7
21.2
13.1
24.6
25.4
21.0
17.5
21.4
17.7
19.2
21.7
24.8
20.1
21.0
22.5
23.3
21.6
21.4
25.9
21.0
17.0
21.1
11.326.0
0.9
2.4

T
T
S
T
T
T
T
S
S
T
T
S
S
S
S
T
S
T
T
T
T
T
T
T
T
T
S

B: 3rd leaf length (cm) C: 3rd leaf width (cm)
D: Plant thickness (mm)
F: No. of tillers/ plant G: Days to maturity
H: Rhizome weight/ plant (g)
J: Dry weight(g)
K: Reaction to Leaf Blotch and Leaf Spot S= Susceptible; T= Tolerant

@ 60: 60:40 kg/ha + Lime @ 1.0 t/ha has
recorded maximum grain yield.
3. Soybean: Soybean seeds were sown by
treating with bio-fertilizers and application
of lime was done @ 1.0 t/ha. The crop
recorded an average seed yield of 1.80 t/ha.
4. Turmeric: Turmeric var. RCT-1 was planted
in one acre land. The average yield of
turmeric was 20-25 t/ha.
5. Ginger: Ginger var. Nadia performed well
under Mizoram conditions and gave a yield
of 16-18 t/ha.

FARMING SYSTEM RESEARCH
Assessment of technology on watershed based
integrated farming systems in north eastern hills
region
Agri - horti system
1. Rice: Upland rice variety Iuron was sown
and application of NPK @ 60: 60:40 kg/ha
+ Lime @ 1.0 t/ha has recorded maximum
grain yield.
2. Maize: Maize local variety was sown during
first week of May and application of NPK
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9. Tree bean: Parkia roxberghii is bearing 60 70 pods/plant
10.Agro-forestry: Teak and tung planted during
1996 - 97 are performing well.

Horti - silvi - pastoral system
1. Banana: Banana var. Giant Cavendish and
Grand Naine performed better with the yield
of 20 t/ha and 30.0 t/ha, respectively.
2. Peach: Peach var. TA 170 and Flordasun
produced 15.0 and 18.0 fruits/plant,
respectively.
3. Aonla: 100 seedlings of aonla were planted
during 2004 and they attained the height of
3.5 m.
4. Guava: About 150 plants guava var.
Allahabad Safeda were planted and
produced 65 - 70 fruits /plant and yield of
10.2 t/ha.
5. Passion Fruit: About 200 new seedlings
purple passion fruit were planted during
2008-2009.
6. Mandarin: Two year old plants of Khasi
mandarin attained the height of 2-2.5 m.
7. Hatkara: One hundred hatkora was planted
in 2005 but only 70% plants are surviving.
8. Pineapple: Thirty thousand suckers of Kew
were planted and maintained in double row
system. The yield was 20-25 t/ha.

TECHNOLOGY MISSION (MM-I)
Standardization of production and protection
technology
Fruit: High density planting in banana
The banana cv. Giant Cavendish has been
planted at three density to examine the effect on
growth and yield performance. Plant height, plant
girth, bunch weight and total number of fingers
showed the reducing pattern with increasing the
density. Moreover, there was no effect of plant
density on number of leaves, number of suckers
and days to shooting (Table 19).
Standardization of technologies for production
of passion fruit
Effect of FYM, vermicompost, NPK and their
combinations on growth and yield performance of
passion fruit variety Purple was carried out at ICAR

Table 19. Effect if high density planting in banana cv. Giant Cavendish
Distance
(mxm)
3.0 x 3.0
2.5 x 2.5
2.0 x 2.0
SEm
CD (P=0.05)

Plant height
(m)
1.95
1.58
1.50
0.08
0.31

Plant girth
(cm)
55.26
50.34
45.20
2.02
7.92

No. of
leaves

No. of
sucker

Days to
shooting

Wt. of
bunch (kg)

Total no.
of fingers

9.95
9.40
8.90
NS
-

4.27
3.00
2.80
NS
-

280.0
285.7
287.0
NS
-

12.9
10.8
9.6
0.7
2.74

94
88
72
3.0
11.8

Table 20. Effect of INM on growth and yield of passion fruit variety purple
Treatment

T1
T2
T3
T4
T5
T6
T7
SEm
CD (P=0.05)

Vine
length (cm)
1.75
1.46
1.55
1.62
1.89
1.90
1.30
0.05
0.15

Vine girth
(cm)
5.45
4.80
5.00
5.40
6.00
6.30
4.10
0.21
0.64

Fruit wt
(g)
47.66
36.50
39.80
41.00
48.21
49.25
30.87
1.74
5.36

Fruit vol.
(cc)
62.01
48.80
60.00
62.45
64.32
65.78
39.56
1.93
5.94

Peel wt
(g)

Pulp wt
(g)

Juice
(%)

TSS
(%)

22.12
17.80
20.31
21.46
22.35
22.51
15.98
1.34
4.12

25.95
21.13
23.45
25.01
26.20
27.00
18.56
2.13
6.56

30.95
28.75
29.10
29.51
32.45
34.80
22.19
0.51
1.57

17.50
16.12
16.33
17.75
17.80
18.12
15.42
0.29
0.89

(T1: NPK @ 100:250:120 g/ plant/ year; T2: FYM @ 20 kg/ plant/ year; T3: Vermicompost @ 6 kg/ plant/ year; T4: Poultry manure @ 12
kg/ plant/ year; T5:NPK @ 50:125:60 g + vermicompost @ 3kg + poultry manure @ 6 kg + FYM @ 10 kg/ plant/ year; T6: NPK @
100:250:120 g + vermicompost @ 6kg + poultry manure @ 12 kg + FYM @ 20 kg/ plant/ year and T7: Control)

149

ANNUAL REPORT 2008-09

Kolasib Although the vine growth, fruit weight,
pulp wt. and juice percentage was estimated
significantly higher in T5 and T6 treatments, yet
treatment T5 recommended for fertilization to get
maximum yield along with optimum use of
fertilizers.

ANIMAL SCIENCE
Productive and reproductive performance of
Large White Yorkshire under agro-climatic
condition of Mizoram
Four Large White Yorkshire (LWY) sows
maintained in standard managemental condition
were used for the study (Fig.17). Productive and
reproductive performances of Large White
Yorkshire were studied under agro-climatic
conditions of Mizoram. The litter size was 12 (7
M+ 5 F), 12 (5M+ 7 F), 12 (7 M+ 5 F) and 11 (5
M+ 6 F ) with an individual average litter weight
at birth was 1.118, 1.32 1.54 and 1.65 kg
respectively. While the litter weight at weaning was
9.4, 10.25, 10.36 and 10.42 kg. Average interval
between first furrowing and second furrowing was
8 months. Feeding trials were conducted and the
piglets were divided in 3 groups. The average body
weight of piglets was recorded at regular intervals
for 5 months. The average monthly body weight
of Group-1 (75 % of concentrate feeds + 25% of
Spilanthus Sp) until five months were 16.62 kg,
21.75 kg, 29.6 kg, 37 kg and 46 kg respectively.
The average monthly body weight of Group-2 (75%
of concentrate feed + 25 % of Ipomea batata) till

five months were 15.25 kg, 20.37 kg, 26.70 kg, 29
kg and 32 kg. The average monthly body weight
of Group-3 (fed with only standard concentrate
feed) until five months were 11.5 kg, 15.75 Kg,
20.6 kg, 31 kg and 38 kg. The growth rate of piglets
was found to be highest in group-1 followed by
group-3 (control group) and then group-2. There
was no significant difference between the body
weight gain of piglets in control and treatment
groups. The feed cost was significantly reduced in
Ankasa (Spilanthus sp) and Kawlbahra (Ipomea
batata) fed groups than the control groups. Most
common ailments in pigs were found to be
maggoted wound and piglet diarrhea.

Soil – plant – animal continuum in relation to
mineral status and fertility in dairy cattle in
Mizoram
a. Establishment of soil-plant animal
continuum in hilly areas
Soil samples were analyzed for macro (Ca, P,
Mg, Na and K) and micro (Co, Cu, Mn, Fe and Zn)
mineral concentrations and the results revealed
variations in mineral content among different
districts. The calcium content of the soil ranged
from 17.73 to 41.58 ppm, while phosphorus content
ranged from 4.30 to 9.38 ppm. Based on the critical
levels reported for soils, it was observed that the
soils of the study area were classified, as below
critical level for Ca, P and Mg. Potassium content
in soils of different districts was invariably higher
than the critical level. Similarly, the Mn
concentration was found to be higher than the

Fig.17. LWY Sow with piglets

150

ANNUAL REPORT 2008-09

critical level in majority of the soil samples. Except
for one district, the soil samples obtained from
other seven districts were deficient in copper.
Among the micro minerals, iron content in soils
was very high (68.17±6.89 ppm against the critical
level of 2.5 ppm). In all the samples, cobalt level
was below the detectable concentration.
The mean (±SE) concentrations of Ca, P, Mg,
Na and K in composite fodder samples were
0.62±0.03, 0.21±0.01, 0.28±0.03, 0.64±0.04 and
1.68±0.15%, respectively while the concentrations
of Fe, Mn, Zn, Cu and Co were 113.73± 6.50,
69.49±13.60, 4.01±0.84, 20.64±1.73 and
0.02±0.01ppm, respectively. Majority of the
composite fodder samples analyzed contained low
P, Zn and Co. There were no much variations in
Ca concentration of fodder samples among the
different districts. Similarly, the P concentration
also did not show variations among the districts.
The Na and K concentration in fodder samples were
higher than the critical levels. Among different
districts, wide variations (23.6 to 130.1 ppm) were
observed in case on Mn. There were significant
(P<0.05) differences between the levels of Mn in
fodder samples from different districts. Regarding
Zn concentration, it was found that majority of the
fodder samples contained very low Zn based on
the critical level (4.0 Vs 30 ppm). Fe concentration
in fodder samples also showed variations among
different districts (89.7 to 142.4). Invariably all the
fodder samples contained higher concentration of
Cu than the critical level and all the fodder samples
were deficient in Co.
There were significant differences among
districts in Ca concentration of blood serum from
dairy cattle, however such difference was not
observed in P concentrations. The mean blood
serum content of calcium, phosphorus, sodium,
potassium and magnesium were 6.1, 3.9, 535.8, 5.9
and 1.1, respectively. The mean iron, manganese,
zinc, cobalt and copper content were 98.4, 1.1, 10.3,
0.3, 77 ppm, respectively. Our results revealed that
most of the cattle were deficient in Ca, P, K, Mg,
Co, Cu, Mn and Zn. The extent of deficiency was
very high in case of Zn. The normal level of Zn in
blood serum of dairy cattle has been reported to
range between 80 and 150ìg/100 ml, but the present
study observed the mean concentration of Zn in
blood serum was only 10.3 ìg/100 ml.

b. Soil-plant-animal relationship
Significant correlation values were obtained
between soil and fodder for Ca, Cu and Fe. The
correlation values between fodder and cattle were
significant for all the minerals studied except for P
and K. The correlation value between fodder and
cattle was highly significant (P<0.01) for Ca
(0.878), Mg (0.88), Cu (0.885) and Zn (0.928).
However, such correlations were not observed
between the mineral levels in cattle and mineral
levels in soil except for Ca (0.782). An attempt was
made to predict the mineral content in cattle
keeping the soil and fodder mineral content as
independent variables. Prediction equations that
could fairly predict the mineral content in cattle
based on the mineral content in soil and fodder
have been developed. Equations developed for
prediction of Ca (R2=0.797), Mg (R2=0.777), Zn
(R2=0.937), Fe (R2=0.861) and Cu (R2=0.794) had
significant R2 values.
c. GIS Based mineral mapping of Mizoram soil,
fodder and dairy cattle
Inventorization of the mineral status in fodder
and animal in an area would give a deep insight in
developing location specific technologies and to
evolve strategies for fodder as well as animal
production. It is in this context, as a preliminary
database was developed with the basic information
regarding the macro and micro nutrient status soil,
fodder and blood serum (Fig.18a& 18b) of dairy
cattle in Mizoram. Soil fertility status, mineral
content in fodder and blood serum of dairy cattle
has been assessed and the strategies to reduce the
mineral deficiency so as to improve the
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productivity in a sustainable manner were also
evolved. GIS based maps have also been prepared,
most probably for the first time, for Mizoram state
using the data generated on mineral content in soil,
fodder and blood serum, which is expected to serve
as a key to open several locks impeding the crop
and animal productivity.

NAGALAND
WEATHER
The maximum and minimum temperature were
recorded during May ’08 (32.0 0C) and Jan’ 09 (9.6
0
C). The hottest day during 2008 – 09 was observed
on April 27 (35.5 0C) and the coldest day was
observed on January 15, 2009 (6.5 0C).
The maximum relative humidity was recorded
as 87.0 % in the month of Oct ’08 and minimum
relative humidity was recorded (27.2 %) in the
month of March ’09. The total rainfall was recorded
as 1457.1 mm with the maximum rainfall in June
’08 (297.9 mm). However, there was no rainfall
during the month of November 2008 and January
’09.The total monthly pan evaporation was
recorded less than the total monthly rainfall during
May ’08 – Oct ’08. However, the total monthly
pan evaporation was observed high in April ’08
and during Nov ’08 – March ‘09.The maximum
sunshine hour was observed during the month of
Dec. ’08 and comparatively lesser sunshine hour
was recorded during the month of June ’08.

SUCCESS STORY
Improved package of practices of tomato at
Kawnpui
Hybrid
Area
Transplanting
Gap filling
Spacing
Fertilizer
Watering
Pesticide & fungicides
No. of plants at maturity
Avg. fruit weight
Total yield
Productivity

: Avinash-2
: 500
: 11.11.08
: 7-12 days of
transplanting
: 60 x 50 cm
: 120:60:60 kg NPK
: Need based
: Nil
: 1400
: 75 g
: 2.05 t
: 41.0 t/ ha

WATER RESOURCES
Infiltration modeling
Infiltration test was conducted in Mon district,
Nagaland in two common land use systems (viz.,
the undisturbed Jhum land and the disturbed
terraced land) using the ‘double ring infiltrometer’
apparatus. Different infiltration models were
developed and evaluated using the experimental
infiltration rate data for soil moisture conservation
and irrigation planning.

Fig 19. Performance of tomato hybrid (Avinash2) in farmers field

Table 1. Average monthly weather data of Nagaland

*

Air temperature (oC)

R.H.(%)

Max.

Min.

Max.

23.7 (Jan.
2009)
– 32.0 (May
2008)
(28.99*)

9.6 (Jan.
2009)
– 24.3
(July
2008)
(17.96*)

74.3
(March
2009)
– 87.0
(Oct.
2008)
(81.53*)

Min.

Total
sunshine
hour

Pan
evaporation
(mm)

Total
rainfall
(mm)

Soil temperature (oC)
(5 cm)
Min.
Max.

27.2
(March
2009)
– 68.0
(Aug.
2008)
(51.81*)

90.9
(June
2008)
– 246.3
(Nov.
2008)
(161.0*)

28.3 (Dec.
2008) –
101.2
(March
2009)
(62.58*)

1457.1

5.0 (Feb.
2009)
– 18.0
(July
2008)
(12.20*)

14.6 (Jan.
2009)
– 24.0
(July
2008)
(20.72*)

The values in the parentheses are the monthly average values during April 1, 2008 – March 31, 2009.
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From the coefficient of determination (R 2)
values given in Table 2, it can be summarised that
the Kostiakov, Horton’s and Phillip’s infiltration
models perform almost equally in the Jhum land
use system. However, in the terraced lands, the
Phillip’s model performs best, followed by
Kostiakov and Horton’s models. The results
revealed that the Jhum land use system has a higher
infiltration rate than the terraced land use system.
Consequently, the terraced land use system has a
higher surface runoff and lower subsurface runoff
generation potential than the Jhum land use system
(Fig. 1).

occurred in the months of April 2008 and December
2008, respectively.

Table 2. Infiltration models and their
performances in two different land
use systems

Fig. 2. Temporal variations of daily rainfall, daily mean
air temperature and daily potential evapotranspiration
rate

f = infiltration rate in cm/h; t = time elapsed in h

Fig. 3. Monthly variation of potential
evapotranspiration rate

Fig.1. Infiltration test in the soils of Jhum land

Evapotranspiration modeling
The temporal variation of potential
evapotranspiration (ETo) on daily basis was
estimated using the FAO Penman-Monteith method
for irrigation planning. The temporal variations of
daily rainfall, daily mean air temperature and daily
potential evapotranspiration rate are illustrated in
Figure 2 & 3. Maximum (127.4 mm) and minimum
(50.0 mm) monthly potential evapotranspirations

Minor irrigation development
Soil moisture stress in the post-rainy season is
the main constraint for winter cultivation. To ensure
water availability during the lean season, action
was taken to harvest rainwater as well as surface
runoff from hill slopes through construction of two
water harvesting structures (20.0 m × 120.0 m and
20.50 m × 15.80 m) at NAIP site being implemented
in Mon district of Nagaland (Fig. 4). To enhance
the water productivity of the project site, the water
harvesting structures had been integrated with fish
farming. Further, for minor irrigation development
and to increase the cropping intensity, particularly
during the lean season, two irrigation channels (180
m length) have been constructed to divert water
from the perennial hill spring for terraced wet rice
cultivation (Panikheti). Furthermore, to control soil
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erosion and for in-situ soil moisture conservation,
soil and water conservation works had been taken
up. Terracing for panikheti had been executed
covering an area of 4.6 ha. A total of 117 nos. of
terraces were constructed having a net cultivable
area of 3.5 ha.

In the sub plot treatment maximum plant height,
no. of effective tillers/ hill, panicle length, no. of
grains/ panicle and grain yield were observed in S3
which were closely followed by S4. This might be
due to appropriate combination of organic and
inorganic sources of nutrients.
Table 3. Growth and yield attributes of paddy
under INM
Treatment

Main plots
M1
M2
M3
M4
Sub plots
S1
S2
S3
S4

Fig. 4. Irrigation channels and water harvesting
structures for minor irrigation development

CROP
PRODUCTION
PROTECTION

AND

Plant
height
at
harvest
(cm)

No. of
Panicle No. of Grain
effective length grains/ yield
tillers/
(cm)
panicle (t/ ha)
hill

102.40
103.10
106.20
117.20

14.50
15.50
16.00
18.50

21.70
24.50
25.80
26.00

200.20
195.90
186.46
220.50

3.97
4.05
4.20
4.25

110.40
117.20
125.10
122.40

15.00
16.00
16.20
16.20

20.32
21.6
25.30
25.20

190.20
184.61
201.75
198.60

3.67
4.15
4.53
4.38

RICE
Integrated nutrient management in paddy
(RCM 9)
An experiment was conducted under net work
project on ‘Integrated nutrient management (INM)
for optimum crop productivity and soil health’
during kharif season (Fig. 5). The soil of the
experimental site was slightly clay loam, acidic in
reaction (pH = 5.2), high in organic carbon (1.95
%), deficient in available nitrogen (236.20 kg/ha),
moderate in phosphorous (12.30 kg/ha) and high
in available potash (200.20 kg/ha). The main plot
treatments consisted of four organic sources of
nutrients viz. crop residue (M1), vermicompost
(M 2), bio fertilizers (M 3) and mixture of crop
residue, vermicompost, biofertilizers (M4). On the
other hand, the sub plot treatments consisted of
different combination of chemical fertilizers such
as control (S1), 50% NPK (S2), 75% NPK (S3), and
100% NPK (S4). The highest plant height, no. of
effective tillers/hill, panicle length, no. of grains/
panicle and grain yield were recorded in M4 which
were closely followed by M 3 , M 2 and M 1 ,
respectively, except no of grain/panicle (Table 3).

Fig. 5. Integrated nutrient management in paddy
cv. RCM-9

RCRT trials in upland paddy
In the upland conditions, RCPL1-117 recorded
the highest grain yield, followed by RCPL1-115.
Among other varieties, RCPL1-113 was found
suitable from yield point of view (Table 4).

RCRT trial on aromatic rice
A varietal trial on aromatic paddy was also
conducted during kharif season. The results
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Table 4. Yield attributes and yield of upland paddy varieties
Varieties

Plant height
(cm)

No. of effective
tillers/ hill

121.3
118.4
85.0
102.9
100.9
120.4
114.1
111.1
117.88

9.00
12.50
11.15
9.00
7.50
11.50
22.85
8.35
8.15

Bhalum 1
Bhalum 2
RCPL 1-45
RCPL 1- 46
RCPL 1-113
RCPL 1-114
RCPL 1-115
RCPL 1- 116
RCPL 1 - 117

showed highest yield in IET 16313, which was
closely followed by RCM16 (Table 5).

Plant
height
(cm)

RCM 16
IET 16332
IET 17276
IET 16313
RCM 17
IET 17281
RCM 14
IET 17278
RCM 15

94.5
125.3
114.8
117.5
116.5
99.6
113.6
94.5
126.8

No.of
Panicle No. of
effective length grains/
tillers/ (cm)
panicle
hill
18.0
15.0
13.7
19.0
8.6
20.2
10.5
22.0
13.5

26.5
29.2
28.2
26.5
26.8
26.5
25.6
26.5
31.2

214.5
128.0
215.0
297.5
185.0
90.3
180.2
107.3
150.0

6.0
3.7
3.4
6.5
3.2
5.1
2.7
4.8
4.2

137.00
155.80
121.60
142.50
158.80
144.50
213.30
234.00
240.00

2.04
2.31
2.00
2.12
2.73
2.80
3.10
2.05
3.44

Varieties

Plant No.of
Panicle
height effective length
(cm)
tillers/
hill

RCM 11
Lampnah
IET 18571
IET 18581
IET 18564
RCM 22
IET 18572
Shahsarang
RCM18
RCM20
BM 9820
RCM21
RCM 19

121.3
133.0
114.5
133.2
113.2
109.0
115.0
109.0
126.7
102.3
104.0
103.2
102.0

11.0
9.5
11.3
9.8
12.0
12.5
15.2
13.6
15.4
16.8
12.0
12.3
12.0

26.5
27.7
26.2
25.9
25.0
26.7
23.5
25.3
27.3
25.8
25.4
23.5
25.3

No. of
Grain
spikelets yield
/ panicle (t/ha)

117.0
162.0
140.0
92.0
180.0
140.0
140.0
185.5
178.2
111.2
184.7
104.0
191.0

6.2
5.6
2.3
3.1
5.6
4.5
4.6
4.0
4.9
5.0
3.3
4.7
6.2

m2, no. of rows/cob and no. of kernels/ row and
grain yield. This might be due to higher response
of the maize crops towards more nutrients (Table
7).
Table 7. Growth and yield attributes of maize
under INM
Treatments Plant
height
(cm)

MAIZE
INM in maize var.Vijay Composite
The experiment was also conducted on maize
crop with the similar set of treatments as INM on
paddy in main and sub plots. In the main plot
treatments, the maximum plant height, no. of rows/
cob and no of kernels/ row were recorded in M2.
However, the highest grain yield was observed in
M4 (2.35t/ha). In the sub plot, the treatment S4
recorded the highest plant height, no. of plants /

Grain yield
(t/ha)

Table 6. Yield attributes and yields of lowland
paddy varieties

Grain
yield
(t/ha)

RCRT tria on lowland paddy
Thirteen paddy varieties were tested under
lowland condition for their yield performance.
Among them, varieties RCM11 and IET16313
recorded the highest yield potential of 6.2 t/ha. The
other potential varieties included Lampnah,
IET18564 and RCM20 (Table 6).

Grains/ panicle

24.75
23.40
26.30
26.80
24.50
23.80
23.41
20.85
26.10

Table 5. Yield attributes and yields of aromatic
paddy varieties
Varieties

Panicle length
(cm)

Main plots
M1
M2
M3
M4
Sub plots
S1
S2
S3
S4

No of
plants
/ m2

No. of
rows
/cob

No. of
Kernels
/ row

Grain
yield
(t/ ha)

239.39
273.41
235.56
247.73

8.30
8.20
8.50
8.50

12
13
11
12

30
34
32
30

1.41
2.20
2.13
2.35

241.70
242.70
247.10
264.30

8.00
8.30
8.40
8.50

12
12
13
13

27
31
32
37

1.36
2.10
2.35
2.48

M1 = crop residue, M2 = vermicompost, M3 = bio fertilizers, M 4 = crop residue
+vermicompost + bio fertilizers, S1 = control, S2 = 50% NPK.S3 = 75% NPK,
S 4 = 100% NPK
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OIL SEEDS
GROUNDNUT
Varietal evaluation trials in groundnut
Eleven varieties of groundnut were evaluated
for their yield potential during kharif season. The
maximum yield was recorded in FESEG10 (3.28
t/ha) which was followed by NRCG-CS148, GG7
and ICGS76, respectively (Table 8).

line no IVT (I) 80201 recorded the highest yield of
0.53 t/ha. The lower yields were recorded in the
lines 80207, 80206 and 80205 due to heavy
infestation of diseases and pests (Table 9).
In rainfed conditions, line no. 80102 exhibited
the highest grain yield (0.39 t/ha) followed by line
no. 80101 (0.34 t/ha).

HORTICULTURE
SWEET POTATO

LINSEED
Varietal evaluation trials under AICRP on
linseed
Twelve promising linseed lines were evaluated
under foothills of Nagaland during rabi season. The

Evaluation of sweet potato for growth, yield
potential and starch content
Ten different varieties of sweet potato were
grown to evaluate their growth, yield potential and
starch content. Results indicated that the maximum

Table 8. Yield attributes and yield of groundnut varieties
Varieties

FESEG10
GG 20
FESEG8
CSMG 84-1
NRCG-CS 281
NRCG -CS148
TG42
GIRNAR 1
ICGS 76
GG 7
JL 24

Shoot
length(cm)

81.25
54.90
99.15
62.05
76.73
101.15
66.30
226.13
86.50
70.40
78.40

Root Root
length (cm)

17.90
15.73
14.20
15.43
14.00
17.20
14.10
13.87
17.60
12.50
15.20

No. of
branches/
plant
15.68
23.35
14.30
31.67
10.83
19.66
11.00
12.34
19.00
8.50
15.00

No. of pods
/ plant

49.16
39.80
33.85
42.00
45.33
51.33
46.66
38.15
58.60
33.50
35.60

Pod
weight (g)

60.83
71.92
66.50
77.82
72.48
70.44
61.32
71.47
52.50
54.40
48.60

Pod yield
(t/ha)

3.28
2.38
1.88
2.73
2.78
3.03
2.76
2.27
2.85
3.00
1.90

Table 9. Performance of various linseed varieties under irrigated conditions
Varieties

IVT (I) 80201
IVT (I) 80202
IVT (I) 80203
IVT (I) 80204
IVT (I) 80205
IVT (I) 80206
IVT (I) 80207
IVT (I) 80208
IVT (I) 80209
IVT (I) 80210
IVT (I) 80211
IVT (I) 80212

Plant
height(cm)

47.6
40.7
41.5
45.0
41.9
43.7
44.4
43.1
52.9
49.2
49.6
50.0

No.of
branches /
plant
3.7
4.0
5.0
5.7
4.3
4.0
3.7
4.7
5.0
4.0
3.3
4.0

No. of capsule
/ plant

122.0
85.5
140.7
75.4
45.9
36.8
43.3
95.3
108.1
130.3
94.0
45.1
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No. of seed
/capsule

8.2
7.7
7.0
7.4
7.0
7.2
7.2
8.4
8.6
8.8
8.1
7.6

Test
weight(g)

Yield
(t/ha)

6.73
5.57
5.33
6.47
4.33
4.40
4.40
5.80
5.87
6.93
4.70
4.53

0.53
0.22
0.20
0.40
0.12
0.12
0.12
0.47
0.38
0.52
0.36
0.20
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Table 10. Performance of various linseed varieties under rainfed conditions
Varieties

IVT (R)- 80101
IVT (R) - 80102
IVT (R) 80103
IVT (R) 80104
IVT (R) 80105
IVT (R) 80106
IVT (R) 80107
IVT (R) 80108
IVT (R) 80109
IVT (R) 80110
IVT (R) 80111
IVT (R) 80112

Plant
height(cm)

No. of
branches/
plant

36.80
36.60
38.00
36.50
40.40
42.30
36.20
42.00
38.00
44.12
39.00
40.20

No. of
capsule/
plant

No. of
seed/
capsule

Test
weight (g)

Yield
(t/ha)

150.21
127.89
86.21
128.77
140.97
235.78
138.22
151.77
153.21
131.43
248.45
151.11

8.00
8.00
8.00
8.00
8.00
7.00
7.00
8.00
8.00
8.00
9.00
8.00

5.62
5.64
4.60
4.70
4.60
4.33
4.33
4.60
4.62
4.62
5.00
5.60

0.34
0.39
0.33
0.32
0.34
0.31
0.30
0.28
0.23
0.22
0.33
0.32

4.00
3.00
3.00
3.00
3.00
4.00
4.00
3.00
5.00
4.00
3.00
5.00

vine length was in Sree Bhadra (5.83 cm) and
lowest in Meghalaya local (1.74 cm). Higher tuber
length was obtained in Arun (140.0 cm), however,
maximum circumference was recorded in CIPSWA-2 (72.6 cm). CIP-187017-1 had highest dry
matter content (41.68%) followed by Kishan
(40.19%). CIP-440038, however, showed lowest
dry matter (22.42 %). The highest yield (48.1 t/ha)
was recorded in CIP-440038. Starch content was,
however, found highest in Meghalaya local
(15.90%) followed by Arun (11.75%) and the
lowest was found in CIP-187017-1 (8.54%) as
shown in Table 11 and Fig.6

Fig.6. ST-14 and Meghalaya local varieties of
sweet potato

CHILLI
Studies on performance of King Chilli under
polyhouse
The King chilli was grown in the winter season
as off-season crop under low cost poly-house. The

Table 11. Growth, yield and starch content of different varieties of sweet potato
Variety

Vine
length
(m)

Tuber
length

Tuber
circumference

Tuber fresh
weight
(g)

Dry
matter
(%)

Yield
(t/ha)

Starch
content
(%)

Sree Bhadra

5.83

90.1

47.0

32.75

33.85

16.5

11.61

Arun

5.58

140.6

54.0

30.81

33.95

29.5

11.75

Meghalaya local

1.74

130.0

36.4

50.95

33.94

25.2

15.90

Kishan

2.16

131.6

21.2

43.21

40.19

19.6

9.85
8.54

CIP-187017-1

4.10

86.2

28.4

41.85

41.68

10.1

CIP-440038

3.17

122.0

44.6

36.60

22.42

48.1

9.34

CIP-SWA-2

1.80

109.6

72.6

45.16

24.29

40.2

11.53

CIP-440127

2.72

131.4

55.8

27.27

25.38

30.7

9.47

ST-14

2.76

111.0

51.0

35.38

38.55

26.5

12.13

Gouri

1.78

103.8

43.4

30.94

36.52

15.8

C.D(P=0.05%)

1.09

10.44

5.40

4.88

13.26
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seedlings were planted on 10th of December at a
spacing of 50 x 50 cm. Performance of the crop
are given in the Table 12 and Fig.7
Table 12. Performance of growth and quality
parameters of King chilli
Parameters

Values

Plant height (cm)
Number of fruits/plant
Fruit length (cm)
Fruit circumference (cm)
Yield/plant (kg)
Fresh weight of a fruit (g)
Dry weight of a fruit (g)
Thickness of flesh (mm)
Yield fresh weight basis (t/ha)
Yield dry weight basis (t/ha)
Vitamin C (mg/100g)

123.78 ± 24.91
34.45 ±12.86
7.24 ± 0.07
9.55 ± 0.08
0.074 ± 0.001
6.17 ± 0.30
0.73 ± 0.27
2.40 ± 1.57
2.44 ± .068
1.01 ± .076
102.78 ± 10.42

various provenances, Molvum exhibited the highest
growth in terms of height (2.55 m), followed by
Piphema (2.40 m). The lowest growth in height
was, however, recorded in Rangapahar (1.40 m).
The highest diameter (8.02 cm) was recorded in
Piphema provenance (8.02 cm), followed by
Rûzaphema (7.55 cm). No. of branches/plant
(12.50) was highest in Molvum followed by
Dhansiripar (10.0). Irrespective of seed source,
height and diameter growth of Jatropha was
recorded to be 1.73 m and 6.84 cm, respectively
after 3 years’ of growth (Table 13).
Table 13. Growth of Jatropha curcas after three
years of plantation

Fig.7 Growth and quality of King chilli in low cost
poly-house

FLORICULTURE
Studies on vase life of Lillium cv. Lombardia
cut flowers under open condition
The longevity of cut flower was evaluated in
open condition with different concentration of
sucrose i.e. 0, 10, 15, 20 and 25 %. Significantly
higher vase life (12.17 days) was recorded for 20%
sucrose. On an average, the longevity increased by
18% over the control in 20% sucrose.

AGROFORESTRY
Evaluation of growth performance of Jatropha
curcas
Eleven provenances were chosen for studying
the growth performance of Jatropha. Among

Provenance

Height
(m)

Average
diameter
(cm)

Jalukie
Jharnapani
Medziphema
Molvum
Piphema
Rûzaphema
Seithekiema
Khatkati
Rangapahar
Dhansiripar
Tolbi basti
Average

1.67
1.54
1.71
2.55
2.40
1.65
1.59
1.60
1.40
1.67
1.63
1.73

7.33
6.75
7.33
6.83
8.02
7.55
5.95
6.03
5.63
6.87
6.91
6.84

No. of
branches/
plant
6.70
6.30
4.30
12.50
9.00
6.30
5.80
4.60
8.00
10.00
7.30
7.30

Restoration of Jhum fallow lands through
agroforestry interventions
A total of 165.0 ha of jhum fallow/degraded land
were rehabilitated during the period under report
in Dimapur, Mokokchung, Wokha, Peren and Phek
districts of Nagaland. Agri-silviculture, agrihorticulture, and agri-silvipastoral agroforestry
systems were developed including agroaquaculture models. Details of the different sites
along with area covered and models established
have been shown in Table 14 and Fig.8.
Survival and growth performance of MPT
species in nursery
Optimum germination (> 75.0 %) was recorded
in A. heterophyllus, D. grandiflora, Michelia spp.
and T. myriocarpa. The plants like P. goalparensis,
Murraya koenghii and A. malaccensis also had
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Fig.8. Agroforestry interventions in Porba village,
Phek District

Table 14. Details of the project sites taken up
for restoration
Sites

District

Lakhuni

Mokokchung 25.0

Agri-silviculture

Porba

Phek

8.0

Agri-silviculture
Agro-aquaculture

Longsachung

Wokha

25.0

Agri-silviculture

N. Longidang

Area
Model(s)
covered developed
(ha)

13.0

Agri-silviculture

4.0

Agri-silviculture

Wokha village

12.0

Agri-silviculture

Lio Longidang

10.0

Agri-silviculture

Yimpang village

15.0

Agri-silviculture

4.0

Agri-horticulture

3.0

Agrihortisilviculture

Yanthamo

Pherima

Dimapur

Bade
Medziphema village

1.0

Agri-silviculture

Medziphema village

1.5

Agri-horticulture

Bongsang

4.0

Horti-pastoral

Phiphema

4.0

Horti-pastoral

Sukhovi

3.0

Agro-aquaculture

Saijang
Kejanglwa
Gaili
Jhalukie Kum
Total:

Peren

3.0

Agri-horticulture

3.5

Agri-horticulture

2.0

Agri-horticulture

24.0

Agri-silviculture

165.0

good germination rate (> 50.0 %). However, M.
ferrea exhibited lowest germination (35.80 %) in

the nursery beds, thereby indicating significant (P
= 0.05) variations in germination between species.
The survival percentage was recorded highest in
A. malaccensis (87.80 %), followed by M.
champaca (85.23 %) and M. oblonga (77.80 %).
Other species also exhibited fair amount of survival
percentage, however, P. goalparensis exhibited the
lowest survival (52.03 %) compared to others.
Significant (P = 0.05) variations were also recorded
in survival percentage of the different species.
Among various species, T. myriocarpa
exhibited maximum height (61.77 cm) and collar
diameter growth (0.83 cm), closely followed by
D. grandiflora. While height growth was recorded
lowest (46.27 cm) in M. koenghii, it was M. ferrea,
which had lowest collar diameter growth (0.49 cm).
Both height and collar diameter growth exhibited
significant (P = 0.05) variations between species
(Table 15). Significant (P = 0.01) positive
correlation between height and collar diameter
growth of seedlings was recorded.
Data on biomass production of one year
seedlings of various multipurpose tree species are
presented in Table 18. It was observed that T.
myriocarpa not only produced the tallest seedlings
but also contributed highest biomass (19.07 g/
seedling), followed by M. champaca (18.57 g/
seedlings). In term of biomass production, M.
oblonga and D. grandiflora, ranked third and fourth
respectively. The lowest biomass (7.11 g/seedling)
was recorded in A. malaccensis.
On comparing component-wise biomass of
different species (Table 16), it was observed that
main axis contributed more than 50.0 % biomass
in case of P. goalparensis, followed by M. koenghii.
In A. malaccensis and T. myriocarpa, main axis
contributed more than 40.0 % biomass. Twigs,
however, contributed less than 10% biomass in all
the species. Similarly, leaves contributed more than
30 % biomass in case of M. ferrea, D. grandiflora,
M. oblonga, M. champaca and T. myriocarpa.
Heavier root systems were observed in A.
heterophyllus, followed by M. koenghii, M. ferrea
and M. champaca. There was significant (P = 0.05)
variation in biomass yield including root-shoot ratio
between species. Biomass accumulation exhibited
strong positive correlation with height (P = 0.01)
and diameter growth (P = 0.05).
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Table 15. Growth performance of one-year-old seedlings of economically important indigenous
multipurpose tree species in nursery
Name of species

Germination
percentage

Survival
percentage

Height
growth(cm)

Collar diameter
growth (cm)

Aquilaria malaccencis

53.90±8.29a

87.80±2.42a

44.26±1.86a

0.74±0.03ab

Artocarpus heterophyllus

80.87±7.06b

67.13±1.72b

52.55±2.51bc

0.70±0.04a

60.38±1.99

60.07±1.91

0.78±0.05abc

Duabanga grandiflora

80.63±5.68

Mesua ferrea

35.80±7.06

b

72.37±2.36c

80.60±5.14

b

Michelia oblonga

79.97±8.25

b

Murraya koenghii

61.67±9.27

Michelia champaca

50.00±1.90bcde

a

85.23±1.05

a

0.49±0.04d

be

0.71±0.04ab

cfg

0.51±0.02d

53.07±5.14

77.80±2.42

48.53±1.52

71.76±1.42c

46.27±1.00adf
eg

Phoebe goalparensis

56.40±6.06

52.70±2.16

52.03±1.68

Terminalia myriocarpa

76.67±8.68b

67.73±2.24b

61.77±1.42

0.58±0.04de
0.60±0.01e
0.83±0.07bc

For each parameter, within column values marked by the same letter are not significantly (P = 0.05) different.

Table 16. Biomass productivity of one year old seedlings of economically important indigenous
multipurpose tree species
Name of species

Biomass (g/seedling on dry weight basis)
Main axis

Twig

3.14±0.17

0.50±0.05a

2.04±0.13a

Artocarpus heterophyllus

3.58±0.38

0.40±0.01

a

b

2.69±0.08

3.86±0.31

10.52±0.57

0.58±0.06

Duabanga grandiflora

4.90±0.35a

0.65±0.05

5.68±0.18c

3.55±0.21a

14.80±0.19

0.32±0.03a

Mesua ferrea

1.73±0.07

0.20±0.01b

2.88±0.29b

2.40±0.09

7.21±0.44a

Aquilaria malaccencis

Michelia champaca
Michelia oblonga

b

6.01±0.26
5.30±0.20

a

Leaves

Roots

c

0.98±0.16

6.00±0.14

c

0.79±0.04

5.81±0.30

ab

5.57±0.15
3.82±0.28

0.50±0.02b
0.43±0.00

15.72±0.32

0.32±0.04a

b

11.51±0.28

0.52±0.04b

0.23±0.03

1.09±0.08

3.94±0.08

Phoebe goalparensis

5.11±0.10a

0.00±0.00

2.00±0.15a

2.02±0.17

0.00±0.00

c

4.48±0.22

0.26±0.01a

18.57±0.49

6.24±0.25

5.73±0.25

7.11±0.36a

ab

Murraya koenghii

8.86±0.31

Root/
shoot ratio

b

b

Terminalia myriocarpa

b

1.47±0.06

Total
biomass

0.28±0.03a

9.13±0.25
b

19.07±0.34

0.30±0.03a

For each parameter, within column values marked by the same letter are not significantly (P = 0.05) different.

ANIMAL SCIENCE
Growth performance of large black in
traditional animal husbandry practice
Under scientific pig rearing for enhancing
farmers’ income, two piggery units were
established. Seven piglets of improved breed (Large
Black X) are being reared in each unit. The average
feed given to the each pig on monthly basis was
quantified as 54.27 kg (dry weight) of roughage
and 9.38 kg of concentrate (paddy husk). The
average monthly weight gain was recorded to be
3.16±1.29 kg/pig.

Proximate composition of non-conventional
feeds for sustainable animal husbandry
A study was conducted to determine the
proximate composition of ten seasonally available
non-conventional pig-feed stuffs and rice husk in
the Eastern Himalayas of Nagaland. Large Black
pigs were fed with the seasonally available nonconventional feeds, such as Phogok (Ficus
hispida), Khokli (Osbeckia spp.), Utam (Saurauia
nepaulensis), Gakhsalin (Spilanthes acmella),
Unglanhia (Borreria hispida), Shoinen (Vernonia
anthelmintica), Phepot (Bidens pilosa), Ngomong
(Musa paradisiaca), Pankhen (Manihot esculenta),
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Jung (Colocasia esculenta) and rice husk. The pigs
were fed twice per day. As a supplementary feed,
the paddy husk was fed in the morning and evening
after mixing with the rest of the dietary ingredients.
The average monthly feed consumption from
March 2008 to February 2009 was found to be
6.49±2.19 kg in the first month, followed by
7.16±1.67, 8.30±1.22, 12.22±2.66, 16.41±3.75,
17.61±3.93, 12.88±3.37, 10.34±3.73, 7.57±1.81,
7.35±1.78, 10.14±2.61 and 10.56±2.88 kg,
respectively. The highest quantitative feed
consumption was observed in July followed by
August and the least in March. The initial average
live body weight of pigs ranged from 15-29 kg
which has been increased in subsequent months
with advancing age with mean average from
21.33±3.60 kg in the first month to 59.0±10.78 kg
by February 2009. There was a steady increase in
the body weight with advancing age which may be
due to physiological growth phenomenon on the
different diets. However, the final body weight was
less than those fed with conventional balanced
ration. The reason may be due to the feeding of
low level of DM to pig which was much lower than
the DM content of commercial pig feed (25.21%
versus 89%). The average monthly weight gain
from March 2008 to February 2009 were
1.77±0.78, 2.03±0.90, 2.47±0.64, 3.87±0.83,
5.27±1.53, 5.73±1.49, 3.93±2.60, 2.73±2.25,
2.20±1.15, 2.07±1.22, 3.13±1.68, and 2.73±2.31
kg/pig, respectively. Numerically the highest
average monthly body weight gain was observed
in the month of July and August, which may be
attributed to the higher crude protein and dry matter
content of the feeds during the respective months.
However, the average body weight gain was less
than those pigs fed with the conventional balanced
ration. The lower average monthly weight gain
recorded in this study might be due to feeding of
pigs with low energy and high fibre diet. Similarly,
reduction in growth rate and performance of pigs
due to unconventional feeding was attributed to
the reduced energy level in the feed.
Microbiological analysis of samples from
different animals
Rectal swabs of 50 pigs and vaginal swabs of
25 Mithuns were analyzed for presence of
pathogenic bacteria of zoonotic importance.

Besides Escherichia coli, Klebsiella pneumoniae,
Enterobacter spp., Salmonella spp and
Pseudomonas spp. were isolated from pigs but only
E. coli, Klebsiella spp. and Enterobacter spp. from
Mithun samples.

FARMING SYSTEM RESEARCH
Change in land use pattern
In Peren district of Nagaland, Jalukie watershed
area was selected for development of integrated
farming system in the year 2003. As per 2001
Census, village population was 2150 (male: 1000,
female: 1150) covering 350 farming households.
Out of the total 540 ha area, cultivated land was
515 ha which comprises 05 ha under horti/cash
crops, 500 ha under TRC/WRC, 10 ha under jhum
and three ha under primary forest.
Table 17. Change in land use pattern
Land Use

Under horti/cash
crops
Under TRC/
WRCWRC
Under jhum
Under primary
forest
Total area

Initial area
(ha) under
different
land use in
the year 2003

Current
and use area
l (ha)

05

61

500

450

10
03

04
03

518

518

Cropping pattern and crop productivity
The results revealed that the area under paddy
decreased by 79 ha whereas; there was increase in
the area under rabi crops. The area under fruit crops
also increased tremendously. On average, 20 ha
area was brought under passion fruit cultivation
after the implementation of the project. Further,
crop productivity increased markedly since
irrigation facilities were available to the farmers.
Area under fruit crops including seasonal
vegetables also increased after adoption of various
soil and water conservation measures. Details of
the area under different crops including their
productivity have been shown in Table 18.
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Table 18. Productivity of different crops and change in cropped area
Crops

Kharif
1.
2.
3.
4.

Paddy
Maize
Soybean
Vegetables
· Okra
· Cucurbits
5. Ginger
Total

Area (ha) under different
land use and productivity
(t)* in the year 2003

Current land use area
(ha) and productivity
(t)*

Change in
cropped area(ha)

495.0 (792.0)
12.0 (18.0)
6.0 (7.2)

416.0 (1164.8)
26.0 (54.6)
15.0 (22.5)

- 79.0
14.0
9.0

1.0 (7.0)
0.0 (0.0)
1.0 (5.0)
515

8.6 (103.2)
6.4 (83.2)
8.0 (64.0)
480

7.6
6.4
7.0
- 35.0

Rabi
1. Mustard
2. Pulses
3. Cabbage
Total

00.0 (0.0)
00.0 (0.0)
00.0 (0.0)
00.0

50.0 (60.0)
20.0 (170.0)
5.0 (1051.0)
75.0

50.0
20.0
5.0
75.0

Fruit Crops
1. Passion fruit
2. Jackfruit
3. Assam lemon
4. Khasi mandrin
Total

2.0 (12.0)
0.0 (0.0)
0.5 (3.5)
0.5 (4.2)
3.0

20.0 (200.0)
5.0 (75.0)
8.0 (96.0)
5.0 (50.5)
38.0

18.0
5.0
7.5
4.5
35.0

*Figure in the parenthesis indicates respective productivity

TECHNOLOGY INTERVENTIONS
Production technologies
Intercrop cultivation between short and longterm duration cash crops have been done. About
50 kg of soybean (var. JS-335), 50 kg maize (var.
Swaraj), 180 kg maize (var. Vijaya composite) and
350 kg ginger (var. Nadia) was distributed. In
horticulture, 400 seedlings of Assam lemon, 400
round lemon, 3000 pineapple suckers (var. Kew)
and 4000 pineapple suckers (var. Queen), 1000
banana suckers (var. Dwarf Cavendish), 200 guava
(var. Apple), 1000 jackfruits (seeded), 4000
arecanut (Assam local), 2000 coconut (West Coast)
and 75 papaya (Red Tannis) seedlings were planted.
The varieties chosen for the plants are proven
technologies that ensure the better results. As the
farm is fully organic, agricultural inputs like biofertilizers and bio-pesticides were supplied by
ICAR. The funds were also made available for
intercultural operations in scientific way.

Rainwater conservation technologies
To harness water, four ponds of size 60m x 10m
x 1m and two check dams of sized 20m x 3m x 1m
were constructed in the watershed area. The
structures are being used for integrated fish farming
besides irrigation to the crops during the lean period
(Fig. 9 & 10).

Fig 9. Community participation for low cost
rainwater harvesting
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scheme. However, funding was the major constraint
to go for commercial cultivation. Keeping this fact
in view, commodity (maize and passion fruit)
oriented projects were formulated to get the
financial assistance in terms of loan from State
Bank of India. Modalities for funding were as
follows:

Fig 10. Water harvesting structure for assured
irrigation and integrated fish farming

Synergistic role of livestock in farming system
Sixteen nos. of crossbred piglets (Hampshire,
Fig. 11) and four crossbred dairy cows (3 Jersey
and 1 Holstein Friesian) including two hundred
ducklings were integrated in the watershed area
for livelihood support besides 50 nos. of apiculture
units.

Passion fruit project
Under this project, Memorandum of
Understanding (MoU) was signed between (i)
Union Co-operative of Societies (UCOS), Peren
District, Nagaland (as a producer), (ii) ICAR
Research Complex for NEH Region as a promoter
and to provide technical know-how, (iii) SBI,
Jalukie branch, Nagaland as a financer, and (iv)
Exotic Juices Factory Pvt. Ltd. (EJFPL), Mao Gate
as a buyer (Fig. 12).

Fig. 12. Nursery of passion fruit (Purple) at
Jalukie

Fig 11. Pig (Crossbred Hampshire) rearing in
watershed area

Formulation of bankable projects for
agricultural commodities
Technological interventions made in the
watershed area brought revolutionary changes and
farmers were interested for commercial cultivation
rather than subsistence agriculture, which they
were adopting before implementation of the

About 400 acres of area was planted with
passion fruit with a financial assistance of Rs. 65.0
lakhs from SBI, which benefitted the members of
204 co-operative societies. Exotic Juices Factory
Pvt. Ltd. (EJFPL) at Mao Gate, which required
3000 tons of passion fruits annually, had promised
to the farmers to buy the entire produce from the
watershed area. As of now, EJFPL gets only about
500 tons of passion fruits from the farmers. To meet
out the entire requirement of the factory, the
villagers extended an area of 400 acres under
passion fruit cultivation.
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Maize project
Similar to passion fruit project, bankable project
was also prepared for maize cultivation wherein
Ekta Agro Industry (EAI), Guwahati was the buyer,
SEDF as a transport facilitator and Northeast
Poultry and Eggs Federation as a market facilitator.
On an average, about 600 acres of area was brought
under maize cultivation. State Bank of India
financed a total of Rs. 60.0 Lakhs as a loan to the
beneficiaries (300 societies).
People’s participation in management and
development of watershed area
Frequent public meetings organized with
villagers, generated awareness among them about
the benefits of soil and water conservation. This
also helped to ensure people’s participation in the
whole process, particularly in the maintenance of
watershed development structures and in making
people adopt the prescribed cropping pattern.
Seventeen training programmes on different
agricultural aspects were also conducted in the
watershed area. There were numerous instances of
voluntary participation, particularly when people
worked together for carrying out land-levelling
works, pond making, etc. As they were actively
involved in construction of watershed development
structures, they themselves take care of those
structures.
People’s
participation
in
project
implementation
People were engaged to grow crops like food
grains, pulses, oilseeds, and certain cash crops.
After seeing success of Jalukie watershed area, in
order to share the benefits of developed irrigation
facilities, people from 59 villages of Peren district
were organized into 820 co-operative societies for
effective management and they were helped to
procure bank loans and various subsidies. Care has
been taken to develop many social institutions, so
that instead of spending their increased income
lavishly, people would invest it for productive
purposes.
The farmers have grouped themselves into Self
Help Groups or various societies and officially
came into existence on July 7, 2003 under the

umbrella of UCOS (Union of Co-operative
Societies). Today, there are 820 societies with more
than 18,000 members affiliated to UCOS. Many
unemployed youths and women farmers have been
benefitted directly or indirectly from above
mentioned various projects. The rural farmers have
now become comparatively independent in their
economic standards that each farmer member under
UCOS deposits Rs. 100 every month in their corpus
fund for six months. All the co-operative societies
are made compulsory to deposit a sum of Rs. 2500
per month for a period of 6 months time, which
amounted for Rs. 1.23 crores. It is interesting to
note that the SBI, Jalukie branch was running in
loss earlier, however, the enhancement of rural
farmers’ economy has made the bank to come out
with a profit of Rs. 6 lakhs.
Impact of farming system research project
Due to the implementation of various soil and
water conservation works, Jalukie watershed area
has been transformed into a prosperous area. The
availability of irrigated land was increased due to
construction of various watershed structures.
Organization of small and marginal farmers for
effective soil and water management enabled the
farmers with lands located on higher elevations,
and even landless people to benefit from growth
of irrigation facilities. Most of the farmers leveled
their lands suitably, to receive the benefits of
irrigation and thus, are able to make better use of
their lands. Cropping pattern of the villages under
Jalukie watershed, which was characterized by
cultivation of food grain crops only, underwent
drastic changes. Now people of this watershed
villages have started reaping various cash crops
like maize, groundnut, vegetables, etc. Apart from
this, some had started cultivating green fodder for
their animals. Due to increase in availability of
protective irrigation, total yield of food grains,
vegetable and fruit crops rose from 842.9mt to
2248.8mt, and availability of fodder, manure and
other biomass, also increased. Over 3000
beneficiaries were benefited due to different
watershed development activities from 540 ha
including 518 under cropped area and primary
forest area covered under this watershed.
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SIKKIM
CROP
PRODUCTION
PROTECTION

AND

RICE
Nutrient management in rice
The performance of three improved varieties Pant Dhan-10, VL Dhan-61 and Pusa Sugandh-II
and one local cultivar ‘Attey’ under organic
nutrition and conventional system was evaluated.
The rice grain yields ranged from 2.16 to 3.92 t/
ha with mixed compost and 2.47 to 4.68 t/ ha with
mixed compost and neem cake. With no fertilizer
(control), yield ranged from 1.24 to 1.81 t/ ha. The
yield of mixed compost and neem cake was higher
than conventional 3-split urea application.
Pest management
Stem borer, leaf folder, whorl maggot and
gundhi bug were important pests of rice in Sikkim.
The infestation of stem borer (4.16 - 6.82 % DH)
and leaf folder was found maximum during AugSep. The whorl maggot damaged maximum (22.25
damaged leaves/10 hills) in the second fortnight
of July. Gundhi bug population was found
maximum when the crop attained the milky stage
in the first fortnight of October (14.80 bugs/10
hills). Spiders, apanteles, dragon flies and
coccinellid beetle were observed as potential
natural enemies of pests. Two sprayings of neem
products Nimbicidine® (3 ml/l) or Achook® (3 ml/
l) at vegetative stage and one spraying of M.
anisopliae or B. bassiana at boot leaf stage of the
crop were found effective for management of rice
pests in organic farms.
Out of fifty entries screened against insect pests
of rice, 11 entries (RCPL-1-46, RCM-11, RCPL1-71, Pusa Sugandh, RCPL-1-124, RCM-29, RCM22, RCPL-1-123, RC Manipho-4, RCPL-1-126 and
Lungiphow) were found promising. In case of
maize the optimum sowing time for less insect
damage and increased yield was found to be 1st
fortnight of March. Stem borer and armyworm
infestation was significantly less in three
collections (AKON 17, AKON 43 and AKON 49)

and none was found resistant to Plusia signata. Two
larval parasitoids Apanteles sp and Chelonus sp
were reported against Mythimna separata. The rate
of parasitism of Apanteles sp was found to be 21
% and an average number of 14.2 parasitoids
emerged from each armyworm larva. Among the
eco-friendly insecticides Pestoneem 0.5 EC @
1000 ml/ha effectively checked the population of
M. separata and P. signata and Dipel 8L @ 500
ml/ha provided effective control of C. partellus.
Among the locally available botanicals Titapati,
Artemisia vulgaris 5% extract effectively
controlled the population of M. separata and
Plussia signata. In case of cole crops, the results
revealed that the late sown crop (transplanting after
November 2nd fortnight) suffered from the damage
of cutworm and diamond back moth. In the early
sown crop (before October 1st fortnight) the
infestation of semilooper was more. A larval
parasitiod Cotesia sp. (Braconidae: Hymenoptera)
was recorded against the semilooper Trichoplusia
ni. The rate of parasitism was found to be 7%.
Among the eco-friendly insecticides Delfin 3G @
500 g/ha effectively checked the population of
cutworm and semilooper. The ideal transplantation
period is 2nd fortnight of October. Among the
locally available botanicals Titapati, Artemisia
vulgaris 5% extract effectively controlled the
population of semilooper.
Growth modeling of rice production in Sikkim
Logistic, Gompertz and monomolecular models
were fitted well to the rice production data of
Sikkim (Table 1). The correlation coefficient
between the parameter estimates is less than 0.999;
hence all the three models describe very well the
rice production of the data (Table 2). However,
based on the different goodness of fit criteria there
is no significance difference between the
performances of the fitted models. Moreover, there
is no significance difference between the carrying
capacities of the models. Hence, all the models can
be used for prediction purpose. Among the three
models, logistic model is the best-fitted model
(Table 3). Further, we have examined whether the
assumptions about the residuals are satisfied for
this model or not. The run test |Z| value to check
the randomness assumption of the residuals are
below the critical value 1.96 of the normal
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Table 1. Summary statistics of the fitted models
Model

R Square

Parameter estimated

Asymptotic S.E.

MSE

RMSE

MAE

Logistic

0.86762

1.2391

0.875

0.85827

0.6157
0.3361
0.3967
0.05423
0.2859
0.4389
0.0480
0.0846
0.5067

1.7358

Gompertz

A=0.3458
B=1.5837
C=22.0228
A=0.2860
B=1.020
C=22.0958
A=0.2299
B=0.6801
C=22.2072

1.8567

1.2816

0.9138

2.0148

1.3350

0.9596

Monomolecular 0.84616

distribution at 5% level of significance ensures the
suitability of the model. Durbin Watson test was
also carried out to check the presence of
autocorrelation and Statistic values are not close
to zero and 4, which reveals the absence of
autocorrelation. Thus, the main assumptions about
the residuals are satisfied. However, the
assumptions about the normality of the residuals
are not satisfied.
Table 2. Correlation of parameters estimate
Model

(A, B)

(B, C)

(A, C)

Logistic

0.7959

-0.1809

-0.5345

Gompertz

0.7723

-0.2399

-0.6147

Monomolecular

0.7489

-0.3144

-0.7048

Table 3. Test of randomness, normality and
autocorrelation of residuals
Models
Test statistics

Logistic

Gompertz Mono
molecular

Run test |Z|

0.899
(0.369)

0.899
(0.369)

0.899
(0.369)

Kolmogorov
Smirnov (KS) test

0.207
(0.007)

0.219
(0.003)

0.241
(0.001)

ShapiroWilks (SW) test

0.794
(0.000)

0.772
(0.000)

0.764
(0.000)

Durbin-Watson
(D-W) test

1.2689

1.2177

1.1619

Note: Figures in the parenthesis denote the level of
significance of the statistic

MAIZE
Evaluation of special purpose maize
In sweet corn, entry RCSC 7 registered the
highest kernel yield (6.23 t/ ha) followed by RCSC
8 (4.45 t/ha). In popcorn studies on the popping
efficiency showed maximum popping in Nagaland
Local (94.3 %) followed by Sikkim Primitive 2 and
3 (94 and 83.3 % respectively). The kernel yield
was highest in Sikkim Primitive 3 (8.9t/ha)
followed by Mongan popcorn (7.47 t/ha). In the
baby corn maximum bay corn (ear) yield was
obtained in RCBC - 6 (7.85 t/ha).
Evaluation of released composites
Twenty composites namely, Early Composite,
Gujarat Makkai-1, Gujarat Makkai 2, Kesari, L174, Megha Composite, NAC 6002, NAC 6004,
Narmada Moti, NLD White, Prabhat, Pratap-1,
RCM 1-1, RCM 1-3, Suwan, Vijay, VL 16, VL 41,
VL Makka 11 and VL Makkai 88 were evaluated
in replicated trial under organic farming. The high
yielding composites were Megha Composite (7.92
t/ha), RCM 1-1 (7.07 t/ha) and Pratap 1 (6.47t/ha).
Nutrient management in maize
The application of mixed compost 2.5 t/ha +
neem cake 0.5 t/ha + vermicompost 2.5 t/ha gave
highest yield (4.68 t/ha) in maize var. Vivek Sankul11 and buckwheat responded better with green
manuring + mixed compost 2.5 t/ha (4.41t/ha). The
uptake of N P and K by the maize crop was 136.2,
38.4 and 130.5 kg/ha, respectively for the highest
yielding treatment. Neem cake 1 t/ha + mixed
compost 2.5 t/ha + dolomite gave maximum yield
in soybean var. PK-1024 (3.3t/ha).
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BUCKWHEAT

PULSES

Nutrient management in buckwheat
The grain yield of buckwheat local cultivar
“Mithe” under organic nutrition management
through mixed compost 5 t/ha + neem cake 0.5 t/
ha was 1472 kg/ha and neem cake 1 t /ha + azophos
seed treatment produced 1131 kg /ha as compared
to 1435 kg/ha through N:P:K @ 40: 80: 40 at the
end of the conversion period. There was an increase
in soil pH ranged from 0.04 to 0.15 unit, soil OC
increase varied from 0.08 to 0.31% while the soil
available P (Brays P1) decreased from the initial
33.5 kg/ha to 11.8 kg/ha because buckwheat has
the capacity to extract P from normally non-labile
pools in the soil.

Breeding for short duration black gram
varieties
Fourteen F 2 materials were evaluated in
replicated trial along with three checks namely
TPU-1, T-9 and Panhelo dal. Five segregants
namely T-9 X PD, PD X PLU 856, PD X B local,
PD X T-9, PD X VBN-3 appears to be promising
with grain yield between 6.00 and 7.33 g / plant
equivalent to 500 to 587 kg / acre.

OILSEEDS

Nutrient management in soybean
Soybean var. PK-1024 responded positively
with Neem cake 1 t/ha + mixed compost 2.5 t/ha +
dolomite and gave pod yield of 3300 kg/ha although
the yield was statistically at par with integrated
nutrient management through urea + SSP +MOP
@ 30:40:30 + dolomite @ 2 t/ha + neem cake @
0.5 t/ha (3.34 t/ha).

MUSTARD /RAPESEED VARIETIES
CROPPING SEQUENCES
Yellow Sarson
Station trial involving eight three-way cross
derivatives showed superiority of (SS 1 x SS 2) SS
1, (YSC 68 x SS 3) SS 3 and (YSP 842 x SS 2) SS
2 for seed yield over the check variety Binoy (0.75
t/ha). The mean seed yields were 0.83, 0.98 and 1
t/ha, respectively.
Toria
Two advanced generation cross derivatives were
evaluated in replicated field trial along with four
check varieties-Agrani, Bhawani, M-27 and Ragini.
The seed yield of SKM Toria 1-2-5 was the highest
(0.76 t/ha) as against 0.51 t/ha in M-27. The entry
SKM Toria 1-2-5 attained maturity in 127 days as
i.e., 10 days later than M-27. It will be promoted
for MLT in the next year.
Nutrient management in mustard
Mustard var. M-27 gave the highest yield (1060
kg/ha) with mixed compost 5 t/ha + vermicompost
1 t/ha + neem cake 1 t/ha + dolomite 1 t/ha which
was followed by mixed compost 5 t/ ha +
vermicompost 1 t + dolomite 1 t/ha that produced
(0.92 t/ha). The mustard yields significantly
improved with the application of dolomite 1 t /ha.

Soybean–mustard cropping system under
organic condition
Soybean var. PK-1042 gave higher yield (2.63t/
ha) with FYM @ 10 t/ha. The residual effect of
soybean on mustard was evaluated by planting raya
sag in winter with uniform dose of 5.0t FYM/ha.
Maximum raya saag i.e. 18.8 t/ha was harvested
from the soybean plots applied with 10 t/ha FYM.

HORTICULTURE
FRUITS
CITRUS
The average degree of polyembryony in
mandarin was 67.8%. The maximum frequency
of multiple seedlings/seed was observed in the
seeds of East district. The mean ratio of one
seedling/seed and multiple seedlings/seed was
recorded to be 0.95:1. The ratio increased with the
decrease in the degree of polyembryony. The
occurrence of zygotic twin in Sikkim mandarin was
observed to be 11.3%. While, 65.8% of seedlings
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were zygotic in origin and 36.20 % were nucellar
in origin. The occurrence of zygotic seedling was
80 % more than that of nucellar seedling. The
frequency of occurrence of zygotic seedlings was
negatively correlated with nucellar seedlings but
positively correlated with the occurrence of zygotic
twins. Most of the nurseries of Sikkim mandarin
are mainly infested by leaf miner (24.8-32.4 %),
lemon butterfly (8.2-15.6 %), leaf roller (7.6-12.3
%), looper caterpillar (6.4-7.8 %), whitefly (4.28.8), Spodoptera (1.0-7.4 %), scale insect (1.6-6.8
%), mealy bug (2.8-6.4 %) and semi looper (2.65.6 %). In the main field the incidence of trunk
borer, bark eating caterpillar and shoot borer ranged
from 12.5-25.0 %, 15.0 – 30.0 % and 5.0-15.0 %
respectively, and they are considered as major pest.
However, the infestation of leaf miner, scale insect
and mealy bug also caused considerable damage.
The orchards of all the surveyed areas were infested
severely by the fruit fly (23 - 38 %) and to some
extent by fruit borer. In all the orchards the predator
lady bird beetle was observed abundantly. Bacillus
thuringiencis (Delfin 3G) was found most effective
to control lemon butter fly, looper caterpillar and
leaf roller while Agrospray (Servo) was found
effective against aphids and leaf miner.
KIWI
Hayward gave maximum fruit yield of 1.23 t/
ha and fruit weight of 86g/fruit followed by
Allison. While, the maximum TSS/acid ratio (10.8)
was recorded in Allison. Maximum rooting (90%)
was recorded in the cuttings treated with FYM and
IBA 4000 ppm. The maximum fruit set (96%) and
yield (26 kg/plant) was recorded in the manual
cross pollination, followed by open pollination with
fruit set and yield of 29% and 11 kg/ plant,
respectively. Maximum flowering (80%) and return
bloom was observed in the pruning of the Dec-Jan
month with six buds
STRAWBERRY
Chandler (880 g/plant) and Ofra (854 g/plant)
were found to be better varieties. The maximum
runner production was recorded in var Etna (19.67)
and Belruby (15.35). Mulching with Sacharum spp.
gave maximum yield increase (68%) followed by
tree leaves and paddy straw. Plant mortality was

recorded maximum in black polythene (32%)
mulching followed by Paddy straw (12%) whereas,
fruit rotting was maximum (56%) under control
followed by black polythene mulch (26%).
COLE CROPS
In varietal evaluation,cabbage var. Bahar,
cauliflower var. Suwashini and broccoli var.
Aishwarya performed better.
TOMATO
Tomato var. Anup and All Rounder performed
better under protected conditions with the yield of
4.8 kg/plant. The return from tomato was Rs 110.5/
m2 and the cost benefit ratio was 1:3.2.

SPICES
GINGER
Standardization of ginger production
technology
Rhizome weighing 50 gm was found suitable
as planting material with the average yield of 3040 t/ ha. Removal of mother rhizome in rainy
season recorded 35 % disease severity of wilt and
41 % of soft rot. Application of Bordeaux mixture
in paddy cultivated field for ginger cropping gave
minimum diseases (8 % soft rot and 6.7 % bacterial
wilt) as compared to the field cultivated with ginger
in previous year (soft rot 36% bacterial wilt 54%)
Pest management
Nimbicidine and Neemazal @ 3 ml/l were found
effective against shoot borer, leaf roller and
grasshopper of ginger while Metarhizium and
Beauveria were found effective against white grub.
Servo Agrospray @6 ml/l was found effective to
control aphids and white flies in chilli. Bacillus
thuringiencis (Delfin 3G) @2g/l was found
effective against cutworm. Leaf eating caterpillar
was observed as major pest in large cardamom and
among the biopesticides evaluated Nimbicidine,
Neemazal @ 3 ml/l and Delfin 3G 2 ml/l were
found effective. The ladybird beetle was found
promising in all the three crops as natural enemies.
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CHILLI
More than 30 germplasm of chilli were collected
and evaluated based on their plant growth habit,
leaf character, fruit character, disease severity, yield
and quality. Maximum fruit yield was recorded in
collection-6 (3kg/plant) at the spacing of 1x1 m
whereas; minimum fruit yield (750g/plant) was
recorded in collection-11. Three collections of
cherry pepper were observed for upright fruiting
and 12 collections were of downward fruiting
character.
CHERRY PEPPER
Maximum shelf life of cherry pepper was
recorded 5 days at room temperature, while in chilli
pepper it was recorded only three days without any
quality deterioration. Under 40C maximum shelf
life was recorded 20 days without any quality
deterioration whereas minimum shelf life (7days)
was recorded for chilli pepper.

AGRO-FORESTRY
Large cardamom based Agroforesrty system
The maximum growth and yield of large
cardamom var. Sawney was recorded with Alnus
nepalensis with avg. no of spike /clump (10.64 )
and avg. yield/plant(152.0 g) followed by Leuceana
leucocephala av. no of spike /clump (21.2), av.
no. of capsules/spike (11.65) and average yield/
plant (126.0 g) The minimum yield was recorded
with Ficus hookerii avg. no of spike /clump (5.60),
av. no. of capsules/spike (7.8) and av. yield per plant
(46.8 g).
Guava based Agroforesrty system
The maximum average yield of intercrops was
recorded in maize (3.5t/ha), and mustard (0.67t/
ha). The average fruit yield of guava was recorded
(15.0kg/tree) in control (without under storey crop).
The fruit yield was 7.5kg/tree with intercrop.
Yield assessment of intercrops in mandarin
based planting system
The average yields of ginger, maize, mustard
and soybean in association with fruit tree were
recorded 17.3, 3.6, 0.74 and 1.4t/ha respectively.
The sole yields (without tree) were 22, 4.6, 1.2 and
1.85 t/ha respectively. The average height of

mandarin was recorded 3.75 m, girth 26.0 cm and
spread of canopy 1.77 m with intercrop and in
control (without intercrop was height 4.5 girth
30.65cm and canopy spread 1.97m.The average
fruit yield of mandarin was recorded (7.5 kg/tree)
with crop whereas 13.63kg/tree in control (without
crop). Stem borer attack was observed in Sikkim
mandarin trees.
Vermicomposting
Enriched vermicompost (N2% + P 0.8% + K
1.8%) was prepared by bed method with Eisenia
foetida and Eudrillus eugineae by adding
Azospirillum and PSB @ 100g/q in raw materials
containing Cow dung and Legume leaf in the ration
of 4:1.

ANIMAL SCIENCES
Effect of silage supplementation on milk
production performance of crossbred cows
under existing silvi-pastoral system
Ten types of silages were prepared using locally
available forages in Sikkim with different
combinations viz., maize stover without (Type I)
or with (Type II) crushed maize grains, maize stover
: nevaro 1:1 (Type III); maize stover : jungle grass
1:1 (Type IV); maize stover : amlisho 1:1 (Type
V); maize stove : jungle grass : napier 1:1:1 (Type
VI); maize stover : nevaro : amlisho : rice bean
1:1:1:1 (VII); napier : jungle grass 1:1 (Type VIII);
napier : jungle grass : paddy straw 3:3:1 (Type IX)
and napier : jungle grass : maize cob 2:2:1 (Type
X). The dry matter content of types I, II, III, IV, V,
VI, VII, VIII, IX to X types during packing was
26.52, 27.32, 27.02, 24.36, 29.93, 26.47, 25.71,
26.30, 36.28 and 34.73%, respectively. Twelve
crossbred milch cows (Jersey x Desi) weighing
240.2 ± 1.32 kg were randomly divided into 3
groups of 4 animals in each in a completely
randomized design. Animals in treatments I, II and
III were offered ad lib silage II (maize stover with
maize grain @ 3%, w/w), III (maize stover : nevaro
1:1 with maize grain @ 3%, w/w) and IV (maize
stover : jungle grass 1:1 with maize grain @ 3%,
w/w), respectively. In addition each animal was
offered ad lib jungle grass and 4.00 kg concentrate
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mixture. A digestibility trial was conducted to
evaluate the digestibility of nutrients and effect on
milk production due to incorporation of silages in
their diets. The dry matter intake was 11.48, 9.48
and 11.66 kg which correspond to 188.3, 156.1 and
190.3 g per kg metabolic body size per day in
treatments I, II and III, respectively. The dry matter
intake was higher (P<0.05) in treatments I and III
than treatment II. However, there was no difference
between treatments I and III. The dry matter
digestibility varied between 64.6 to 66.8 percent
with no difference among the treatments. The milk
production was 7.3 liters in treatment I and 6.9 liters
each both in treatments II and III. From the above
observations it was concluded that incorporation
of silage types II, III and IV in the diet of milch
cows did not affect milk production.
Molecular characterization of mastitis
pathogens and their control
Of the 75 milk samples collected from different
parts of the Sikkim, 44 samples were found positive
for mastitis (29 clinical cases of mastitis and
15subclinical mastitis). Staphylococcus aureus,
Escherichia coli and coagulase negative
staphylococci were isolated from the mastitis milk
samples. Twenty one different strains of E. coli
isolated from different cases including 12 isolates
(from 7 different serogroups and 3 untypable
strains) from mastitis cases were subjected to PCR
by detecting the virulent genes (stx 1, stx 2, elt,
est, hly) and the results revealed that, only one
isolate each from serogroup O157 and O88 were
positive for stx 1.
Thirty-three isolates of S. aureus were
characterized and it was found that 26 isolates
showed activity for the production of DNase. All
these 26 isolates were subjected to phagetyping
with the international sets of phages and the results
revealed that, none of the isolates were typable.
Thirteen different isolates from mastitis were
subjected to in-vitro antimicrobial sensitivity test
against 16 commercially available antimicrobial
discs. Overall highest sensitivity was recorded
against nitro-furantoin and tetracycline (97.77%
each) followed by chloramphenicol (95.55%) and
cephotaxime (91.11%).

Incidance of gastrointestinal parasitism
Faecal samples from goats (935), cattle (326)
and yak (67) were collected from different agroclimatic zones of Sikkim to study the prevalence
of gastrointestinal parasites. Prevalence of
helminths infestation was found to be 41.82% in
subtropical and high humid zone, 41.77% in
temperate humid zone, 24.37% in sub-alpine low
humid zone and 20.08% in alpine and dry zones.
Nematode infestation (20%) was predominant in
all the zones compared to cestodes (9.48%) and
trematodes (3.09%). The mixed infestation of
stongyles (nematodes), cestodes, trematodes with
coccidian oocytysts was 6.7%. The intensity of
infestation in terms of eggs per gram of faeces
(EPG) value was 300-8400 in subtropical and high
humid zone. The occurrence of GI helminthes
infestation was higher in goats (63.21%) than in
cattle (25.34%) and in yaks (22.40%).
Genetic improvement and augmentation of
fertility in cattle
The basic infra structure for artificial
insemination (AI) of cattle were created and
introduced Frieswal germplasm for AI in cattle in
Sikkim. Administration of GnRH at day 16 and
PGF2á at day24 post- partum hastens the uterine
involution (33.33 + 2.66 Vs 42.66 + 5.89 days )
and resumption of post- partum cyclicity (36.22 +
5.89 Vs 57.16+ 8.36 days ) and thus improves the
post partum fertility in cross-bred cows.
Studies on reproductive disorders of bovines
The salient findings regarding incidence of
different reproductive disorders of cattle in Sikkim
has been presented in Table 4.
Table 4. Salient findings regarding incidence of
different reproductive disorders of
cattle
Major
reprod.
Disorders
Anoestrous
Delayed Maturity
Abortion
Repeat Breeding
Metritis

170

% of
breedable
popln.

% Share
of total
RDs

6.59
4.98
1.60
2.25
1.12

35.69
26.95
8.69
12.17
6.08
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TRIPURA

RICE

WEATHER

Varietal Improvement
Among the advanced segregating material 3
entries viz. TRC-05-8-4-42-8-3-7 (TRC -2005-1 )
from the cross Pyzum x BPT 5204; TRC-05-8-413-9-2-5 (TRC-2005 -2) from the cross Pyzum x
BPT 5204 and TRC-05-2-6-4-39-3-6 (TRC 2005 –
3) from a cross Jagannath x Jaya with yield levels
of 5970 kg/ha, 6125 kg/ha and 6015 kg/ ha,
respectively, were made ready for nomination to
AICRIP IVT.

The total rainfall recorded was only 1551mm
thus indicating nearly 30 percent declining in
rainfall as compared to the normal yearly rainfall
of 2200 mm. Strikingly, there was no rainfall in
post monsoon season from November to March.
As such, the total evaporation recorded was
1667.5mm thus showing 8 per cent higher value
compared to the total rainfall. The comparative
high value of total evaporation indicated a possible
reduction in the length of growing period (LGP)
in rainfed agriculture. The average maximum and
minimum temperature were 31.60C and 20.60C,
respectively. In the project sanctioned by Ministry
of Earth Sciences, Govt of India, Agro Advisory
Bulletin based on weather forecast received twice
in a week were prepared and thus disseminated
through print and electronic media.

AICRP on rice improvement
During boro season, IVT Boro was conducted
and the report is presented in table2.
IRRI – India Upland Shuttle Breeding Network
Project
Four trials viz., Advanced Yield Trial (AYT)
100-120 days (Fig 1), AYT < 100 days,
Observatioanl Yield Trial and Blast Screening

Table 1. Meteorological data of Lembuchera
Month

Rain
(mm)

Evap
(mm)

Max
temp
(0C)

Min
temp
(0C)

Wind
Wind direct
speed
(Deg)
(kmph)
Morn Evn

Rel hum
(%)
Morn Evn

Sun
shine
(Hr)

Cloud cover
(Octa)
Morn

Evn

Apr

34.2

144.5

3 4.2

22.8

1.8

257

238

75

61

6.4

3

3

May

272.3

173.4

33.8

23.9

2.3

253

287

77

59

8.5

4

4

Jun

167.2

119.1

32.7

23.9

5.5

225

231

79

75

3.7

5

4

Jul

378.4

108.9

32.0

24.5

5.8

235

252

85

70

3.3

6

5

Aug

362.4

127.3

31.7

24.9

4.0

258

262

91

71

4.0

6

6

Sep

74.9

133.9

32.1

25.0

3.2

208

286

91

70

5.4

5

4

Oct

261.6

130.5

30.6

23.3

2.0

271

294

86

71

6.1

4

4

Nov

0

130.6

29.6

17.9

0.5

262

249

65

63

8.6

3

3

Dec

0

187.2

26.4

15.4

0.3

222

242

69

62

3.2

5

4

Jan

0

114.7

34.2

11.9

0.4

222

242

64

63

3.5

5

3

Feb

0

122.4

29.7

14.4

2.8

256

289

79

47

6.3

3

1

Mar

0

175.0

32.4

19.5

3.6

245

286

74

54

4.8

4

3

1667.5

31.6

20.6

2.7

SW

W

78

64

5.3

4

4

Total /
Avg

1551.0

SW: South Westerly, W: Westerly
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Table 2. Growth and yield performance of IVT
boro rice
IET No.

TTb 103-2
TTB 103-9-2
NP 45
NP 3114
NP 217
NPH 639
NPH 924 -1
NP 24
CRL 87
CRL 88
KMJ 2-3-1
Goutam
IR -64
K. Hamsa

Plant
height
(cm)

Days
to
flower

153
154
91
102
103
119
125
106
107
115
142
97
102
93

114
112
113
109
110
110
113
111
107
106
109
112
116
113

Panicles
/ sq. m.

344
289
409
422
414
342
341
361
407
412
229
360
355
380

Yield
(t/ha)

6.77
5.90
5.75
7.26
5.24
6.96
8.18
6.38
6.13
7.54
4.48
6.64
6.80
5.79

Nursery were conducted. However, due to nonoccurrence of blast the data from this trial is not
reported. Results of the other trials are presented
below.
Table 3. Performance of rice varieties under
AYT 100-120
Promising
entries

BAU 438-06-4
RRU 2840
BVD 110
RR 617-1
BVD 109
NDR 1030-1
NDR 1131
ANJALI
CB-01-03-B2
CR 2340-33

Thirty five entries were evaluated under this
trial. The trial was conducted in Alpha Latice with
3 replications. Direct sowing was done on 25th July
and final harvesting was completed by 14 th
November. There was no rain for 14 days no rain
from 79th days to 92th days of crops then heavy
rain for 3 days and again no rain for rest of the
days up to maturity. The seed rate was 60kg/ ha
and fertilizer was applied at the rate of 60: 30: 30
(N: P: K). Performance of the top 10 entries in the
trial is given below. Highest yielding entries were
BAU 438 -06-4 (2.53 ton), followed by RRU 2840
(2.27 ton/ ha) and BVD 110 (2201 kg/ha).
AYTLT 100 – reproductive stress
This trial comprised of 35 entries evaluated in
Alpha Latice design with three replications. Sowing
was done on 22nd July. Other trial details are same
as AYT 100-120 RS. The top performing 10 entries
are as below (Table 4). Highest yield was recorded
for the entry NDR 1025 -11-1 (2.31 t/ha), followed
by RR 272-714-2 (1.87 t/ha) and RR 267-9 (1.75 t/
ha).
Table 4. Performance of rice varieties under
AYTLT 100 – reproductive stress

Grain Days to
Plant Panicles Harvest
yield 50 %
height / sq.m
index
(t/ha) flowering (cm)
2.53
2.27
2.20
1.94
1.90
1.85
1.80
1.69
1.67
1.67

70
75
77
75
73
63
80
70
62
82

84.33
58.67
81.67
77
83.33
74.33
69.33
63.33
74.33
61.33

260.7
282
277.3
242.3
260.7
256.7
219.3
259
290
219

Entries

0.29
0.29
0.25
0.29
0.27
0.26
0.25
0.27
0.26
0.31

NDR 1025-11-1
RR 272-714-2
RR 267-9
MAS 946
R-RF-34
(DGI 154)
BAU 446-06
IR 79025-RR 14
-B-D1-RR 1-B
CB-00-12-179
CB-00-15-28
Anjali

Grain Days
Plant Panicles Harvest
yield to 50 % height /sq.m
index
(t/ha) flowering (cm)
2.31
1.87
1.75
1.46
1.46

77
87
53
82
69

81.3
68
74.3
72
74.3

247.7
282.3
258
176.7
230.3

0.29
0.29
0.26
0.22
0.25

1.43
1.36

74
71

78
83.3

216.7
252.3

0.24
0.24

1.34
1.32
1.28

80
65
70

82.3
67.7
74

229
243
262.7

0.21
0.25
0.21

Observational yield trial
In total 81 entries were evaluated in unreplicated
trial. Sowing was done on 25 th July. The
performance of top 10 entries is presented in table
5. Highest yielding entry was RR 616 –B-2-54-1
(2.86 t/ha), followed by IR 78906 REWA 648 (2.76
t/ha) and RR 616-B-2-75-2 (2.75 t/ha).
Fig 1. AYT 100-120
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Table 5. Performance of 10 best entries under
OYT
Entries

Days
Plant Grain Harvest
to 50 % height yield
index
flowering (cm)
(t/ha)

RR 616-B-2-54-1
IR 78906 REWA 648
RR 616-B-2-75-2
IR 83934-B-B-247CRA-1-1
IR 84900-B-150CRA-23-1
RR 451-2821-2-1
IR 84881-B-132CRA-1-1
IR 83922-173CRA-12-1
RR 617-B-3-3
IR 83871-B-B-239CRA-5-1

69
54
65
83

87.3
88.6
81.3
87.3

2.86
2.76
2.75
2.71

0.35
0.35
0.31
0.34

81

87.3

2.71

0.32

78
82

93.6
71.3

2.69
2.67

0.33
0.33

75

79.6

2.61

0.33

76
85

66.6
63.6

2.61
2.51

0.3
0.34

Internatioanl network for genetic evaluation of
rice
In total 6 nurseries were conducted at this centre.
The nurseries were IIRON 2008 Module 1 (39
Accessions), IIRON -2008 Module 2 (28
Accessions), IRBON -2008 (Fig. 3 ) (49
Accessions), IRFAON 2008 (72 Accessions),
IRLON – 2008 Module 1 (121 Accessions) and
IRLON 2008 Module 2 (41 Accessions).

Fig 3. International Irrigated Rice Observatioanl
Nursery (IIRON -2008)

productivity was highly significant and clearly
indicated that adoption of the technologies on large
scale would be able to bring major improvement
in rice production in the district. Results of the
technology interventions at 2 clusters are presented
(Tables 6 & 7).
Table 6.

Average performance of rice
demonstrations
–
cluster
Maracherra

Village

Field demnatration HYV of rice in Dhalai of
Tripura
Under this project, 814 farmers were covered
under demonstrations on HYV and package
technology. The demonstrations recorded an
average yield advantage of 61.54 per cent. Such
advantage over the district average of rice

Kuchinala
Shiv Bari

No. of
Farmers
136

Productivity
(t/ ha)
3.47

42

3.64

117

3.97

93

3.03

Chotosurma

203

4.03

Maracherra (Average)

591

3.70

Maracherra
Halhuli

Fig.2. Demonstartion cum evaluation of top URSBN entries in jhum condition
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Table 7. Average performance of rice
demonstrations – cluster Balaram
Village

Das Para
Bazar Tilla
Uttar Para
Deb Para
Jarmonjay Para
Noajoypara
Balaram (Average)

No. of
Farmers
54
31
18
16
9
6
134

Productivity
(t/ ha)
3.77
4.37
3.43
3.04
4.20
3.92
3.84

Influence of host resistance on the incidence of
sheath blight disease
The rice genotypes like, NDR-97, Katak Tara,
Ful Badam, Garomaloti, Bali, Adma, TRC-87-251,
Mamimatalak, Nogba, IC540276, IC 540182, IC
540177, IC 540275, IC 526713, IC, 540249, IC
540179, !C 540237, RCPL 1-115, RCPL 1-117,
RCPL 1-114, RCPL 1-46, RCPL 1-116, RCPL 1113 Bhalum-1 and Bhalum-2 were studied for field
evaluation. Amongst them, sheath blight disease
incidence was low in Katak Tara, Garomaloti,
Adma, TRC-87-251, RCPL 1-115 and Bhalum-2.

Fig. 4 Dual culture of sheath blight pathogen (SB)
and Gliocladium virens (GV Assam) showing hyper
parasitism

Host resistance (in vitro): Five surface
sterilized seeds of each genotype were placed in
sterilized soil inoculated with 1mm dia. sclerotia
of Rhizoctonia solani. IC 540177, RCPL-1-46,
RCPL 1-14, RCPL-1-113, RCPL-116, Bhalum-1
and Bhalum- 2 were less affected by the pathogen.

Fig. 5 Dual culture of sheath blight pathogen
(SB) and local isolate of Trichoderma viride (TV SB
1) showing hyper parasitism

Efficacy of biocontrol agent in minimizing
sheath blight disease: Field evaluation of
biocontrol agents were done with different strains
of Trichoderma viride collected from different
locations, Gliocladium virens and Trichothecium
sp. The disease incidence in all treated and
untreated plots were very less, thus, the effects of
Trichoderma viride isolates, Gliocladium virens
and Trichothecium sp were not prominent.
However, in vitro studies by dual culture method
revealed that Gliocladium virens of Assam and
local isolate of Trichoderma viride inhibited the
growth by hyperparasitism, while, Trichoderma
viride of Nagaland isolate showed maximum zone
of inhibition indicating strong antibiosis effect (Fig.
4-6).

Fig. 6 Dual culture of sheath blight pathogen
(SB) and Nagaland isolate of Trichoderma viride
(TV Naga) showing antibiosis

174

ANNUAL REPORT 2008-09

Evaluation of fungicides to control sheath blight
disease of rice
Fungicides were tested both in field and in
laboratory. Seven fungicides, Ridomyl MZ 78
0.25%, Elemental Sulphur 0.5%, Propiconazole
0.025%, Mancozeb, 0.2%, Captan 0.2%, COC
0.2% and Carbendazim 0.05%, were tested in field.
Under field condition, propiconazole was most
effective to minimize the disease which followed
by carbendazim and mancozeb. However, the
disease pressure in all the cases was low and there
was no substantial increase in paddy yield. In
laboratory, the fungicides with 100ppm, 10ppm and
1ppm were tested for fugitoxicity against the causal
fungi. Amongst the fungicides, only one i.e.
carbendazim at 100ppm showed inhibition of the
fungal growth in vitro.
Productivity of upland rice under various
fertility gradients
Fertility gradient was created through
application of Farmyard manure (2, 5 and 10 t/ha)

in the plots and the productivity of upland rice (var.
TRC-87-251) as recorded is presented in Table 8.
The fertilizer treatments applied to the soils under
variable fertility gradient were N1 – 40 kg N/ha,
N2 – 60 kg N/ha, N3- 80 kg N/ha, P1- 20 kg P2O5/
ha, P2 -40 kg P2O5/ha, K1- 20 kg K2O /ha, K2- 40
kg K 2O/ha. Under low and medium fertility
gradient, the application of N2 P1K2 ( 60 :20:40)
has produced the maximum rise in the productivity
of upland rice from 1.05 to 2.44 t/ha and 1.35 to
2.42 t/ha. On the other hand, the application of
N1P1K1 (40:20:20) could produce the maximum
rise in the productivity of upland rice from 1.62 to
2.76 t/ha (70% over control)
Front line demonstrations on rice
In kharif season, 122 FLDs were conducted at
14 locations in South Tripura. The locations
covered under the FLDs are Mirza, Purba Mirza,
South Mirza, North Mirza, UpendraNagar, Jitendra
Nagar, Rani, Tulamura, Bhaduria Pathar, Noapara,
Bagma, Bagabasa, Barabhaia and Karoiamura in

Table 8. Effect of fertility gradient on productivity of upland rice (t/ha)
Treatment

Fertility gradient
Low

Control
T1-N1P0K0
T2 –N2P0K0
T3-N3P0K0
T4-N1P1K1
T5-N2P2K2
T6-N3P2K2
T7-N3P1K1
T8-N1P1K2
T9-N2P1K2
T10-N3P1K2
T11-N1P2K1
T12-N2P2K1
T13-N3P2K1
T14-N1P1K0
T15-N1P2K0
T16-N2P1K0
T17-N2P2K0
T18-N3P1K0
T19-N3P2K0
T20-N2P0K1
T21-N2P0K2
CD at 5%

Medium

High

Grain

Straw

Grain

Straw

Grain

Straw

1.05
1.31
0.56
1.34
1.61
1.61
1.49
1.51
1.59
2.44
1.61
1.38
1.27
1.38
1.17
1.29
0.65
0.72
1.07
1.35
1.74
1.01
0.25

1.42
1.14
1.16
1.43
1.40
1.68
2.36
1.49
1.80
1.98
1.67
1.41
1.27
1.51
1.05
1.41
1.50
1.58
1.35
1.52
1.81
1.84
0.24

1.35
1.25
1.56
0.29
1.21
1.23
1.70
1.76
1.77
2.42
1.63
1.72
1.30
1.59
0.73
0.83
1.35
1.43
1.22
1.70
1.51
1.87
0.14

1.40
1.24
1.53
0.70
1.42
1.64
1.78
1.65
1.81
1.29
2.02
2.06
1.44
1.80
1.38
1.22
1.50
1.43
1.39
1.51
1.58
2.01
0.17

1.62
1.07
1.05
0.88
2.76
1.42
1.48
1.52
1.38
1.44
1.12
1.16
0.99
0.91
0.46
0.75
1.40
1.51
1.40
1.38
1.22
1.35
0.18

1.07
1.12
0.56
0.85
1.13
1.48
1.55
1.53
1.36
1.55
1.17
1.28
1.20
1.10
1.07
0.99
1.43
1.46
1.44
1.34
1.26
1.18
NS

175

ANNUAL REPORT 2008-09

South Tripura District. All the FLDs included HYV
(Naveen) and package technology (SRI or ICM).
Seeds for the FLD plots were provided. Seeds
multiplied from breeder seed of Naveen obtained
from CRRI, Cuttack was provided. For check plots
Farmer’s seed of MTU 7029 and Farmer’s practice
of cultivation was followed. In HYV + ICM FLD
plots yields ranged from 4 t / ha to 6.8 t / ha,
whereas, in check plots the yields ranged from 3.46
t/ ha to 6.34 t / ha. Average yield advantage of HYV
+ ICM plots over the check plots was 16.4 per cent.
In case of HYV + SRI plots yields ranged from
3.62 t/ ha to 7.04 t/ ha, whereas, the check plots
ranged from 3.15 t/ha to 6.4 t/ ha. Average yield
advantage of HYV + SRI plots over check plots
was 7.7 percent. HYV + ICM plots produced an
average yield of 5.52 t / ha, whereas, the HYV +
SRI plots produced an average yield of 5.03 t / ha,
indicating that HYV + ICM plots performed better
than the HYV + SRI plots. HYV + ICM plots
produced 0.48 t / ha more yield on an average. Leaf
folder was a major problem for both Naveen as
well as MTU 7029. Naveen was almost disease
free, whereas, MTU 7029 was severely affected
by Sheath blight.

Table 10. Correlation of parameters estimate
Model

(A, B)

(B, C)

(A, C)

Logistic
Gompertz
MonomolecularModel

-0.9554
-0.9828
-0.9972

0.9905
0.9966
0.9995

-0.9850
-0.9940
-0.9990

B and C is more than 0.999, hence monomolecular
model is not suitable for forecasting. Carrying
capacity of the monomolecular model is slightly
high. On the basis of the goodness of fit criteria
Logistic model is best-fitted model. Further it has
been examined whether the assumptions about the
residuals are satisfied for this model or not. The
run test |Z| value to check the randomness
assumption of the residuals are very below the
critical value 1.96 of the normal distribution at 5%
level of significance ensures the suitability of the
model. Durbin Watson test was also carried out to
check the presence of autocorrelation and Statistic
values are not close to zero and 4, which reveals
Table 11. Test of randomness, normality and
autocorrelation of residuals

Growth modeling of rice production
Logistic, Gompertz and monomolecular models
were fitted well to the rice production data of
Tripura (Table 9-11). The goodness of fit statistics
showed that there was no significant difference in
the performance of the three fitted models. Since
the correlation between the parameter estimates in
Logistic model and Gompertz model is less than
0.999, hence both these models best fitted the data.
Since the correlation between the two parameters

Models
Test statistics

Logistic

Gompertz Mono
molecular

Run test |Z|

0.573
(0.566)
0.160
(0.085)
0.954
(0.280)
1.7333209

0.573
(0.566)
0.163
(0.07)
0.953
(0.273)
1.73039

Kolmogorov
Smirnov (KS) test
Shapiro-Wilks
(SW) test
Durbin-Watson
(D-W) test

0.600
(0.548)
0.167
(0.061)
0.952
(0.261)
1.72724

Note: Figures in the parenthesis denote the level of
significance of the statistic

Table 9. Summary statistics of the fitted models
Model

R Square

Parameter
estimated

Asymptotic S.E.

MSE

RMSE

MAE

Logistic

0.7719

33.2428

29.2096

0.77135

1252.366

33.2846

29.2765

Monomolecular

0.77074

0.0353
0.6375
253.7784
0.03456
0.5275
462.7239
0.0340
0.4467
1519.6221

1249.223

Gompertz

A=0.0513
B=1.0432
C=719.7105
A=0.0324
B=0.8323
C=808.8317
A=0.8135
B=0.6728
C=1074.5906

1255.655

33.3282

29.3531
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the absence of autocorrelation. The models also
satisfy normality assumptions. Thus the main
assumptions about the residuals are satisfied.
Hence the logistic models can be used for
forecasting purpose.
OILSEEDS
SESAMUM
The application of green leaf could produce 14
to 21 % increase in seed yield and 3-84 % increase
in straw yield of sesamum (var. B-67). There was
no increase in seed yield of sesamum after
application of gliricidia leaf (Table 12)
.
GROUNDNUT
Evaluation of recently released cultivars of
groundnut
Fourteen groundnut varieties, viz., ICGS-76,
GG-12, GG-13, TG 37A, FeESG-10, FeESG-8, K134, GG-6, SB XI, GG-11, Kaushal, GG-4, GG-2,

GG-8 (Table 13) were grown and NPK (40: 60:
50) in combination with faryard manure (5t /ha).
From the perusal of the data presented in Table
13, it is evident that the no. of pod, pod and seed
weight in groundnut underwent a variation from
21.66 to 44.88,13.77 to 74.66 g/plant and 9 to 28.33
g/plant, respectively. The variety, GG-13 showed
the highest 100 seed weight (60.33 g) and FeESG10 recorded the lowest 100 seed weight (35.33 g).
Shelling per cent varied from 63.85 (FeESG-10)
to 79.84 (GG-6). The variety, TG 37A could
produce the highest pod yield (2.73 t/ha) and the
lowest pod yield (0.91 t/ha) was produce by
FeESG-10 .Haulm yield varied from 7.66 to 21.35
q/ha, the highest and the lowest being recorded in
GG-11 and FeESG-10, respectively.
Yield of groundnut in various intercropping
options
Groundnut (var.FeESG-8) was grown in
intercropping with sesamum and mung . The NPK

Table 12. Effect of different plant leaves on the productivity of sesamum (t/ha)
Treatments

Indigoferra

Fertilizer without leaf
(40 :20:20)
Green leaf (10 t /ha)

Tephrosia

Gliricidia

Seed

Straw

Seed

Straw

Seed

Straw

1.19

4.07

0.85

5.38

0.42

1.87

1.44

4.19

0.97

5.88

0.31

3.44

Table 13. Productivity parameters groundnut varieties
Groundnut
variety

ICGS-76
GG-12
GG-13
TG 37 A
FeESG-10
FeESG-8
K-134
GG-6
SB XI
GG-11
Kaushal
GG-4
GG-2
GG-8
SE (±)
CD (P=0.05)

No. of
Pod /
plant
44.44
28.10
33.99
37.33
21.66
24.77
34.99
24.99
34.44
24.33
29.00
34.44
44.88
30.55
4.84
14.03

Pod
weight
(g/plant)
37.77
25.14
29.21
26.66
13.77
16.03
74.66
14.10
18.44
18.44
22.88
23.55
24.44
32.37
4.36
12.63

Seed
weight
(g/plant)

Plant
weight
(g/plant)

100 seed
weight
(g )

Shelling
per cent

28.33
18.33
20.81
17.77
9.00
11.42
18.33
12.66
13.55
12.10
16.22
18.55
17.77
23.70
3.19
9.24

30.00
34.00
36.99
16.21
15.77
19.44
20.11
12.77
15.66
20.32
25.22
18.32
16.22
14.77
5.07
5.07

57.66
54.66
60.33
44.00
35.33
46.33
46.00
38.33
38.66
64.00
47.66
37.00
39.33
52.00
2.05
4.80

75.74
74.82
71.13
67.42
63.85
71.92
73.99
79.84
71.43
67.94
70.49
78.73
73.41
73.26
3.68
10.66
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Productivity (t/ha)
Pod

Haulm

1.52
1.80
1.67
2.73
0.91
1.06
1.63
0.91
1.19
1.82
1.86
1.06
1.49
1.77
0.19
0.56

1.27
1.80
2.03
1.23
0.76
1.49
1.15
0.91
1.46
2.14
1.96
1.16
1.28
1.64
0.17
0.49

ANNUAL REPORT 2008-09

dose applied was 40:60:50 kg/ha in combination
with FYM 5 t/ha.. T1-Sole groundnut , T2- Sole
sesamum , T3- Sole mung, T4-Groundnut +
Sesamum (1:1), T5- Groundnut + Sesamum ( 2:2
), T6- Groundnut + Mung (1:1) and T7- Groundnut
+ Mung (2:2). The productivity parameters are
presented in Table 14
The data on intercropping experiment indicates
that groundnut in combination with sesamum in a
combination of 2:2 could produce the highest yield
(0.83 t/ha) followed by the combination (0.69 t/
ha) with mung (1:1).
Identification of confectionary /large seeded
groundnut varieties
A total 10 nos. of confectionary/large seeded
groundnut varieties, viz., GG20, HNG 10 (Fig 7),

ICGS 76, BAU 13, TPG 41, GG7, Somnath,
NRCGCS 148, NRCGCS 268 and NRCGCS 281
were grown and the productivity parameters are
presented in Table 15. NPK (40: 60:50) in
combination with FYM 5 t /ha was applied to the
trial conducted in Tripura.
Nutrition of bold seeded groundnut in acid soils
The experiment on nutrition of groundnut
(var.GG 7 ) was carried out with the treatments ,
viz., T1 – Control, T2- P50, T3 – K100, T4 – Lime
( 2.5 t/ha), T5-P50 + lime, T6- P50 + K100 + Lime
(Fig 8), T7- P50 + K100 + Lime + 13 kg Boric
acid/ha, T8-P50 + K100 + Lime + FYM10 t /ha.
The productivity parameters are presented in Table
16.

Table 14. Productivity in intercropping experiment with groundnut
Treatment

T1
T2
T3
T4
T5
T6
T7
SE (±)
CD (P=0.05)

Groundnut
No. of
Pod /
plant

Pod
weight
(g/plant)

23.49
35.49
23.99
26.33
14.83
8.61
55.03

17.49
17.33
12.83
15.50
13.00
5.28
33.75

Groundnut crop
equivalent yield (t/ha)

Seed
weight
(g/plant)

Plant
weight
(g/plant)

Shelling
per cent

9.16
11.16
7.83
10.50
8.33
3.02
19.27

31.33
27.49
14.66
15.33
13.33
5.83
37.3

53.24
65.88
59.43
67.91
64.01
6.18
39.47

Pod
yield
(t/ha)
0.64
0.12
0.53

Sesamum* Mung*
0.77
0.72
0.83
-

0.48
0.70
0.52
-

*Selling price of groundnut, sesamum and mung are Rs 20, 25 and 30 /kg, respectively

Table 15. Productivity of confectionary/large seeded groundnut
Groundnut
variety

GG20
HNG-10
ICGS 76
BAU 13
TPG 41
GG7
Somnath
NRCGCS 148
NRCGCS 268
NRCGCS 281
SE (±)
CD (P=0.05)

No. of
Pod /
plant

Pod
weight
(g/plant)

Seed
weight
(g/plant)

19.66
47.99
27.55
22.99
31.22
27.33
13.21
24.88
19.66
20.88
4.62
13.68

27.10
24.10
26.21
14.88
12.66
21.66
7.55
17.88
9.88
14.21
4.99
14.78

12.55
17.66
18.10
7.99
8.22
15.32
5.11
14.05
6.55
9.60
3.46
10.24

Plant
weight
(g/plant)
22.44
23.22
19.77
26.99
16.66
21.55
12.10
29.99
12.99
12.44
4.54
13.44
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100 seed
weight
(g )

Shelling
per cent

67
46
64
88
67
56
73
88
75
80
3.28
9.71

74.25
71.74
69.43
51.50
65.13
68.78
67.24
78.87
64.29
67.13
3.83
11.34

Productivity (t/ha)
Pod

Haulm

0.56
1.30
0.98
0.99
0.77
1.18
0.80
0.89
1.14
0.85
0.18
0.53

0.88
1.26
1.37
1.60
0.77
1.43
1.19
1.37
1.34
0.85
0.23
0.68
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Table 16. Effect of nutrition on the productivity of groundnut
Treatment

T1-Control
T2- P50
T3 –K100
T4 – Lime ( 2.5 t/ha)
T5-P50 + lime
T6- P50 + K100 + Lime
T7- P50 + K100 + Lime
+ 13 kg Boric acid/ha
T8-P50 +K100 +Lime
+ 10 t cowdung /ha.
SE (±)
CD (P=0.05)

No. of
Pod /
plant

Pod
weight
(g/plant)

Seed
weight
(g/plant)

9.21
8.77
8.11
8.44
11.88
14.77
14.55

4.33
4.88
3.33
6.11
7.44
10.44
12.22

2.88
3.33
2.22
3.88
5.00
7.55
9.33

13.99

5.99

2.47
7.47

1.46
4.41

Plant
weight
(g/plant)

100 seed
weight
(g )

Shelling
per cent

5.11
5.00
4.79
4.44
9.77
10.00
9.55

47.33
49.66
44.33
46.00
55.00
54.66
50.66

4.21

14.22

1.12
3.38

2.57
7.77

Productivity (t/ha)
Pod

Haulm

47.33
49.66
44.33
46.00
55.00
54.66
50.66

0.31
0.50
0.32
0.30
6.94
0.75
0.52

0.34
0.57
0.36
0.37
0.67
0.74
0.55

49.66

49.66

0.47

0.51

2.27
6.86

2.27
6.86

0.046
0.14

0.063
0.19

It is indicated from the data that application of
phosphate (50 kg P2O5 /ha), potash (100 K2O/ha)
and lime (2.5 t/ha) could produce the highest pod
yield of 0.75 q/ha with 14.77 no. of pod and 10.44
g pod weight /plant.

Fig. 7. HNG 10 – A large seeded
groundnut variety

Evaluation of germplasm and advanced
breeding lines
Screening of groundnut germplasm against the
soil acidic condition was carried out with 40 nos
of germplasm and the data on their performance
are presented in Table 16. There were two
treatments applied in the experiment, viz., Control,
Fertilizer (Lime 500 kg/ha, FYM 10 t/ha and P2O5
50 kg /ha).the performance of best 15 germplasms
are presented in Table 17.

Fig. 8. Difference in pod and root volume in groundnut after nutrition in acid soils
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Table 17. Performance of promising groundnut germplasm
Groundnut
germplasm

No. of pod /plant

Productivity ( g/plant)
Pod

Control
NRCG10541
NRCG8963
NRCG6935
NRCG4998
NRCG2203
NRCG10572
NRCG11653
NRCG10809
NRCG8428
NRCG201
NRCG11126
NRCG675
NRCG11276
NRCG11679
NRCG11154

9.67
7.66
6.66
4.00
11.33
11.33
8.33
10.33
12.33
6.66
5.00
5.33
4.33
8.66
9.33

Fertilizer
8.33
11.66
12.00
2.00
13.33
17.33
18.00
23.00
18.00
16.66
15.66
15.66
24.00
13.00
11.66

It is observed from the results that no. of pod /
plant in groundnut with and without fertilizer
varied from 4.67 to 23.0 and 3.67 to 12.33,
respectively and most of the groundnut germplasm
underwent an increase in pod/seed weight after the
application of lime + FYM + phosphate with the
exception of a few germplasm. Per cent increase
in pod and seed yield over control (Table 18)
showed a variation from 18 to 467 and 29 to 417,
respectively.
Table 18. Percent increase or decrease in pod
and seed yield after fertilizer application
Groundnut
germplasm

NRCG10541
NRCG8963
NRCG6935
NRCG2203
NRCG10572
NRCG11653
NRCG10809
NRCG8428
NRCG10456
NRCG11126
NRCG5001
NRCG675
NRCG11276
NRCG11679
NRCG11154

Control

Percentage increase /decrease
over control
Pod

Seed

92
44
24
20
14
19
311
-12
44
-35
467
-43
25
43

100
18
31
20
-17
238
100
39
100
-5
-46
47
50

4.33
6.00
9.66
2.66
6.66
7.00
5.33
3.00
5.66
6.00
8.66
8.33
17.66
8.00
4.66

Seed
Fertilizer

Control

Fertilizer

8.33
8.66
12.00
3.66
8.00
8.00
6.33
12.33
5.00
6.33
5.66
8.33
10.00
10.00
6.66

3.00
5.66
7.33
1.33
5.33
5.00
6.00
2.66
4.00
4.33
6.00
6.66
13.66
5.00
3.33

6.00
5.66
8.66
2.33
7.00
6.00
5.00
9.00
4.00
3.66
8.33
6.33
7.33
7.33
5.00

Front line demonstration on rapeseed-mustard
In Toria 31 FLDs were conducted using 2
varieties viz. TS -36 and TRC –T- 1-1-5-1. Average
yield of TS 36 in the demonstrations was 0.85 t /
ha against average yield of 751 in check plots, thus
showing a yield advantage of 11.1 per cent.
Incremental cost benefit ratio of TS 36 plots over
the check plots was 1.1. TRC –T- 1-1-5-1 produced
an average yield of 0.86 t/ ha against the average
yield of 0.76 t/ ha recorded for the check plots.
The yield advantage of the variety was 11.5 per
cent and the incremental cost benefit ratio was 1.1
for this variety.

PULSES
FIELD PEA
Field pea line TRCP-8 developed from a cross
T 163 x DMR 4 was promoted to AVT 2 fieldpea
tall rabi 2007–08. The developed line has yield
potential of 2.15-2.4 t/ ha and matures in 86 days
under Tripura condition (Table 19).
The entry recorded an yield advantage of 61%
over IPFD 1-10, 40.6 % over DMR – 7, 29.2 %
over Rachana and 7.6% over HUDP -15. Proposal
was submitted to VIC for its identification for
CVRC release. The VIC recommended for retesting
for one more year. The other fieldpea entry TRCP–
9 also performed well and was promoted to AVT 2

180

ANNUAL REPORT 2008-09

Table 19. Performance of field pea variety TRCP -8 in AICRP trials
Year of testing
(No. of trials)

Mean yield (t/ha) Zonal

2005-06 (4)
2006-07 (5)
2007-08 (6)

Mean
Mean percentage increase

Proposed
variety
(TRCP-8)

Check

2.31
1.11
1.17
1.45

HUDP-15

Rachana

DMR 7

IPFD 1-10

1.35
1.35
7.6

1.58
0.93
0.99
1.13
29.2

1.56
0.80
0.88
1.04
40.6

0.94
0.87
0.90
61.0

During kharif season, 113 FLDs were
conducted. Fifty five FLDs were conducted on
greengram and 58 FLDs were conducted on
Blackgram. In greengram HUM–12 TL seed
produced by us was given along with standard
package of practices for FLD plots, whereas, for
check plots farmer’s seed of PDM 59 and farmer’s
practice was followed. In Black gram for FLD plots
variety PU-31 was given, whereas, for check plots
Uttara was used. FLDs were conducted at 11
locations viz. Bagabasa, Bagma, Barabhaia,
JitendraNagar, Koroiamura, Mirza, Purba Mirza,
South Mirza, Tulamura, Rani and Upendranagar
in South Tripura. Average yield advantage of
Greengram FLD plots were 15. 86 per cent over
the check plots. In case of Blackgram the yield
advantage was 13. 51.
During rabi season total 152 FLDs were
undertaken. Demonstrations were undertaken on
Lentil DPL -62 and DPL 15 against check variety
PL 406, Fieldpea varietyTRCP-8 & HUDP -15
against check variety Rachana, and Rajmash using
PDR -14. The variety DPL 15 recorded an average
yield of 914.48 kg and registered a yield advantage
of 9.76 over PL 406, whereas, DPL -62 recorded
an average yield of 879.54 kg / ha and registered a
yield advantage of 9.21 % over the check variety
PL -406. The fieldpea variety HUDP – 15 registered

on the basis of more than 10 % superiority over
best check. The performance of the entry is given
in Table 20.
TRCP-9 showed an average yield advantage of
35.8% over check variety Rachana, 31.9% over
DMR-7 and 25.6% over IPFD 1-10. The entry was
promoted to AVT 2 on the basis of its yield
advantage over the checks. In Fieldpea 143 single
plant progenies were selected from 10 different
crosses. Rest of the selected plants from these
crosses was bulked. Advanced materials are from
the following cross: HFP-9907 B x HFP 9426,
HFP-4 x EC-1, HFP 9907 B x EC 4 99997, HFP
9907 B x EC 499965, HFP 9907 B x EC 1, HFP
9907 B x DDR -27, HFP 9907 B x EC 507770,
HFP 9907 B x DDR 23, HFP 9907 B x Ambika.
Front line demonstrations in pulses
During spring season, total 107 FLDs were
conducted using 4 greengram varieties viz. TMB37, IPM-99-125, HUM-12 and HUM-16. The
variety PDM-59 was used as check variety. Hum12 registered yield advantage of 18.9% over the
check variety, whereas, IPM-99-125 recorded
15.7% yield advantage over PDM-59. Other 2
varieties TMB-37 and HUM-16 failed to show any
advantage over PDM 59. They showed negative
yield advantage of -5.6 and -8.2 % respectively.

Table 20. Performance of TRCP 9 in IVT & AVT 1
Year of testing
(No. of trials)

Proposed variety
(TRCP-9)

Check
Rachana

Mean yield (kg/ha) Zonal
Mean
Mean percentage increase

1 year
1 year

1177
842
1010
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865
623
744
35.8

DMR 7

IPFD 1-10

873
659
766
31.9

854
753
804
25.6
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only 1.21% yield advantage over the variety
Rachana, whereas, variety TRCP-8 registered yield
advantage of 10.53% over Rachana. In Rajmash
variety PDR -14 recorded average yield of 1519.13
kg/ ha. No check variety could be used in case of
Rajmash as there was no seed available.

HORTICULTURE

extensive investigation it was concluded that there
was no single technique to produce the fruit
throughout year. Staggered planting followed by
chemical application (Ethrel) at attainment of
physiological maturity of plant was observed as
best method for year round production of Pineapple
in Tripura. However, integration of genotypic
diversification, different grade of planting materials
and staggered planting and followed by chemical
application (Ethrel) will be more sustainable
technology for year round production of pineapple.

FRUITS
PAPAYA
CITRUS
Mosambi (Citrus sinensis) was introduced at
the centre from NRC, Citrus, at Nagpur and growth
was excellent. The flowering was noticed during
last week of February 2008 and heavy fruit set was
observed in 2008-09. The fruit drop was also very
high at marble and pea stage of the fruit. Fruit drop
continued even up to advance stage of fruit
development. The fruit maturity was noticed during
September-October 2008. Fruit yield was 102
fruits/plant at 5 years age. The average fruit weight
was 204.6g and TSS was 9.9 brix. However, overall
the fruit quality of mosambi was quiet satisfactory
and none of the plant showed any sort of
abnormality in terms of health.
PINEAPPLE
Four spacings (30 x 45 x 60 cm, 30 x 45 x 75
cm, 30 x 60 x 75cm and 30 x 45 x 90 cm) were
taken for investigation with Kew cultivar to find
out the influence of light intensity on fruit quality
under Leuceana, Albizzia, Acacia and Michelia
spp. based established agro-forestry models. The
light intensity was in the range of 28,500 lux to
69,500 lux between 10 a.m.-2.00 p.m. during
March 2008. The flowering was observed in each
block. However, earliest flowering was noticed
under Leuceana where light intensity was
comparatively high. The fruiting percent was
highest in open areas (without AFS models).The
fruit quality (TSS 16.9) was better in Leuceana
block where light intensity was in a range of 45000
lux-56000 lux during peak hours at day time and
sun scaled fruits was also only 0.25% against the
9.5% in open condition.After five years of

Effect of pollarding on flowering and fruiting
of papaya
To enhance the fruiting in ratoon crop (one year
old) papaya var. Pusa Delicious, the pollarding
operation was carried out at a height of 30, 45, 60,
75 and 90 cm during last week December. The
sprouting percent was higher under 60cm height
followed by 75 and 90 cm. Number of sprouted
bud was maximum under 90 cm pollarded plants
and it was minimum under 30 cm. Survival was
very poor under low height of pruning. The
flowering and fruiting was earliest under 60 cm
pollarded plants. The retention of two sprouted bud
was ideal in terms of fruit yield up to maturity.
The retention of higher number of sprouted branch
were prune to broken during fruit growth and
development. The fruit yield was highest (34.56
kg/plant) under 60 cm pollarding. Both higher and
lower height of pollarding could not produce the
encouraging result due to broken branches at
fruiting stage of the plant.
Screening of papaya genotypes against PRSV
Considering the severe problem of papaya ring
spot virus (PRSV) screening was carried out to find
out the susceptible and tolerant lines/varieties of
papaya under Tripura condition. The six papaya
varieties i.e. Pusa Delicious, RCTP-I, Surya, Red
Lady, Ambasa Local, Pusa Dwarf were grown for
evaluation. First three months after the planting
none of the plant showed any symptom on leaves
or any part of the plant. Red Lady was severely
infected with PRSV at pre flowering stage followed
by Surya,.However, RCTP-I and Pusa Delicious
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was moderately tolerant.The intensity of the PRSV
infected plant was 100% and 85% in Red Lady
and Surya, respectively and it was 10% in Pusa
Delicious and 11.5% in RCTP-I. The fruit yield
was almost nil in Red lady. Pusa Delicious and
RCTP-I both have produced substantial yield even
after infection on fruits and leaves.

LITCHI
Eight varieties of litchi viz. China, Shahi,
Swarnaroopa, Early Bedana, late Bedana, Rose
Scented, Bombai and Seedless were introduced
from HARP, Ranchi and studies on growth
parameter is continued during 5 th year. The
flowering and fruit set was observed under each
cultivar during 2008-09. The long dry spell and
high temperature brought earlier harvesting i.e., last
week of April to 2nd week of May. The fruit size
and weight and quality were affected adversely in
all germplasm. The fruit weight and yield was
significantly higher in China over other cultivars.
The quality parameter viz. pulp (67 %), TSS (9.5
brix) and fruit size was highest in Shahi followed
by Bombai and China. The late ripening was
noticed in Late Bedana, China and Swarna Roopa.
The fruit borer infestation was very low (2.5%)
and it may be due to higher temperature during
fruit growth and development

MANGO
The 300 grafted plants of cv Amrapali were
planted during July 2006 at a spacing of 5x5 m
under tilla land of Tripura. The establishment of
the plant was excellent and drip system was
installed during September 2008. The flowering
was noticed during February 2009 and fruiting was
allowed considering the canopy of the plants.
Heavy fruiting was noticed with mild drop during
pea stage of the fruit growth and development. The
recommended doses of fertilizers were given as per
schedule of the crop to support the fruiting at early
stage of the fruiting. The fruit were harvested
during 2nd week of June and average fruit weight
was 156 g. Fruit weight was in a range of 85-265 g
at maturity and average fruit yield was 10.25 kg/
plant/year. The total soluble solids were 21.5 brix
at ripening.

VEGETABLES
TOMATO
Management of leaf curl disease of tomato
It was earlier noted that leaf curl disease was
prevalent during winter season in Tripura and
caused considerable yield loss. The tomato
genotype BT-1 was most susceptible to the disease.
Hence, this study was done with three promising
varieties, BT-1, BT-10 showing resistance to wilt
and Arka Abha, showing tolerance leaf curl disease
to find the efficacy of pesticides in minimizing the
disease. The treatment was given both in soil with
carbofuran 10g/seedling (once) and on foliage with
dimethoate (0.1%) at 7 days interval up to the stage
of fruit setting. Substantial increase (+ 37.70%) in
fruit yield and decrease in disease incidence (17.48%) was noted (Table 21).
Table 21. Efficacy of pesticides to control leaf
curl disease in tomato
Particular

Variety

Treated Untreated Increase or
decrease on
treatment
(%)

Leaf curl disease BT-1
incidence (%)
BT-10
Arka Abha
Mean
Number of fruits BT-1
BT-10
Arka Abha
Mean
Weight of fruit BT-1
(kg)
BT-10
Arka Abha
Mean

14.44
7.78
13.33
11.85
3080
808
1502
1797
57.12
44.1
38.88
46.7

36
24
28
29.33
1929
447
1571
1316
39
28.33
36
34.4433

- 21.56
-16.22
-14.67
-17.48
+ 59.66
+ 80.76
- 4.46
+ 45.32
+ 49.43
+ 55.66
+ 8.0
+ 37.6967

OKRA
The data as presented in Table 22 indicated that
the application of green leaves could produce a
tangible increase in yield (var. Okra 152) from 4.53
to 11.38 t/ha over the application of fertilizer.
Table 22. Effect of different plant leaves on the
productivity of okra(t/ha)
Treatment

Indigoferra

Tephrosia

Gliricidia

Fertilizer without leaf
( 120 :70;60)
Green leaf ( 10 t/ha)

2.46

8.15

1.09

6.77

12.68

12.45

CD at 5%: Type of leaf-0.52, Leaf amendment-1.34 and Interaction-1.87
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RADISH
The application of green leaves from
Indigoferra could increase in the productivity of
radish (var. Ivory White) from 36.36 to 69.15 t/ha
over fertilizer without leaf (Table23).
Table 23. Effect of different plant leaves on the
productivity of radish (t/ha)
Treatment

Indigoferra

Tephrosia

Gliricidia

Fertilizer without
leaf ( 50:40:40)
Green leaf ( 10 t /ha)

36.36

69.85

60.34

69.15

54.38

54.16

CD (P=0.05) Type of leaf-5.13, Leaf amendment-2.14 and
Interaction-6.29

CARROT
The application of green tree leaves from
Indigoferra and Gliricidia could produce an
increase (18 to 34%) the productivity of carrot (var.
New Kuroda) over fertilizer (Table 24)
substantially.
Table 24. Effect of leaf application on the
productivity of carrot (t/ha)
Treatment

Indigoferra

Tephrosia

Gliricidia

Fertilizer without
leaf ( 50:40:40)
Green leaf (10 t /ha)

9.77

20.6

13.50

13.13

20.58

16.03

CD (P=0.05) Type of leaf-1.54, Leaf amendment- 1.24 and
Interaction- NS

CABBAGE
Besides leaf from Tephrosia, two other leaf
sources could increase the productivity of cabbage
from 17 to 96 % over fertilizer application (Table
25).
Table 25. Effect of leaf application on the
productivity of cabbage (t/ha)
Treatment

Indigoferra

Tephrosia

Gliricidia

Fertilizer without
leaf (60:50:50))
Green leaf ( 10 t/ha)
CD (P=0.05)
Type of leaf
Leaf amendment
Interaction

17.88

57.02

25.88

35.13

23.15

30.25

3.54
2.56
5.24

MEDICINAL PLANTS
Effect of nutrition and spacing on yield and yield
component of Patouchali
The experiment was conducted with four
spacing (30×30 cm, 30×45 cm, 45×45 cm, and
50×50 cm), four fertilizer doses (60:40:60,
75:50:75, 80:60:80 and 100:80:100 NPK/ha) and
15 ton of FYM/ha under randomized block design.
The optimum care and management were taken
during crop period. Total four cuttings were
performed during 9 month of the crop period.
Moisture content ranged from 78.16 to 81.92 per
cent. Plant height was also significantly higher
under low spacing and higher dose of fertilization.
The leave yield was significantly higher in a
spacing of 30x30 cm with higher dose of nutrition
100:80:100. The oil content was significantly
influenced by intensity of sunlight. Under shaded
areas, oil yield ranged from 27.56 to 33.6 ml/kg of
dry herbage, whereas, those under open recorded
from 37.12 to 41.43 ml/kg. Heavy infestation of
scale insect was also noticed during investigation
and managed by spraying of rogor 0.02% twice at
weekly interval.
Effect of nutrition and spacing on tuber yield
of asparagus
The experiment was conducted with four
spacing (30×30 cm, 30×45 cm, 45×45 cm, and
50×50 cm), four fertilizer doses(60:40:60,
75:50:75, 80:60:80 and 100:80:100 NPK/ha) and
15 ton of FYM/ha under randomized block design
in open and partial shade condition in the field and
plot size was 2x2 meter. The plants were grown in
the nursery and planted in the month of May 2008.
The growth was comparatively higher in low
density under partial shade over open condition.
The higher dose of fertilization 100:80:100
significantly enhances the plant growth in both
open and shade under each type of plant density.
The tubers were harvested during January 2009 and
yield parameters were recorded. The per plant tuber
yield was higher in open condition over partial
shade in each plant density. The maximum tuber
yield (1.55 kg/plant as fresh weight) was harvested
under 50x50 cm spacing with 100:80:100 dose of
fertilization. However, per plot yield was higher
(54.52 kg/plot as fresh weight) in 30x45 cm. Seed
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yield was higher under partial shade and it may be
due to bigger canopy size of the plants.

MUSHROOM
Cultivation of paddy straw mushroom on
partially decomposed compost
The paddy straw mushroom (Volvariella
volvacea) grew well with production efficiency
19.4-22.4 % (BE) on partially decomposed
compost. Mushroom beds in this new method were
free from weed fungi (Coprinus spp.). In this
method rice straw was supplemented with 4% rice
bran and 4% slaked lime Fig. 1-5.
The compost was prepared by the following
method:
The compost was prepared using 100 kg of rice
straw. One-fourth of straw i.e. 25 kg were mixed
with 1kg rice bran and 1kg lime and spread the
mixture on a cemented floor in 1.5x1.5 m area. That
was repeated again and again until the stack was
completed with 1.5 m height.

Fig. 2. Covering in the compost preparation

day. On 6th day mushroom bed was prepared after
cooling in air. The mushroom beds were prepared
on floor covering with polythene sheet and putting
water on trays beside beds for raising humidity
surrounding those.

Fig. 3. Bed preparation on floor
Fig. 1. Preparation of stack and watering to the
compost

Then, the stack was covered by a polythene
sheet supported by bamboo made sheets (chatai).
The stack was kept undisturbed for 2 days.
3rd day the compost was turned over and kept
again as stack for 2 more days.
On 5th day the compost was spread in thin
laryers and sprayed 75ppm carbendazim and
500ppm formalin mixed solution by a spryer and
placed one after other to make a heap. Then that
was covered again with polythene sheet for one

Fig. 4. Covering of mushroom bed
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production. The present study reports several
additional substrates of worthless nature effective
to produce more or equal amount fruit bodies to
that as obtained from the conventional substrate
like, paddy straw.
Milky mushroom cultivation
Different agricultural residues, such as, arhar
pod shell, paddy straw, pea haulms and tomato
haulms were equally good substrates for milky
mushroom, producing significantly higher yields
than others (Table 2).
Fig. 5. Fruitbodies without weed fungi

Table 2. Effect of different agricultural residues
on the yield of milky mushroom

Oyster mushroom cultivation
Different agricultural and forest wastes, such
as, black gram pod shell, brinjal stem, gram haulms,
groundnut haulms, maize stalk, paddy straw, pea
haulms, pineapple leaf, saw dust and sesame
residue (stem with capsule shell), were used as
substrates (Table 1 ).
Table 1. Effect of agro-forest residues on oyster
mushroom (P. florida) cultivation
Substrate

Black gram pod shell
Brinjal stem
Gram haulms
Groundnut haulms
Maize stalk
Paddy straw
Pea haulms
Pine apple leaf
Saw dust
Sesame residues
CD (P=0.05)
CV (%)

Days
required
for first
harvest
(No.)
25
26
22
24
20
27
19
24
42
23
4
12.10

Yield*
(g/kg
substrate)

752
1020
342
325
544
645
815
422
228
265
186
24.08

Biological
efficiency
(BE, %)

75.2
102.0
34.2
32.5
54.4
64.5
81.5
42.2
22.8
26.5
-

* Mean of four replicates

Brinjal stem (BE 102%) was more productive
than paddy straw, while, black gram pod shell,
maize stalk and pea haulms were equal to that. The
yield on pineapple leaf waste (BE 42%) was also
considerable. Further, pea haulms required the
shortest time period (19 d) for fruit body

Substrate

Days
required
after
casing*
for first
harvest
(No.)

Yield
(g/kg
substrate)

Biological
efficiency
BE (%)

Arhar pod shell
Brinjal stem
French bean haulms
French bean pod shell
Lentil haulms
Maize cob
Paddy straw
Pea haulms
Pine apple leaf
Tomato haulms
CD (P=0.05)
CV (%)

26
36
17
24
23
50
20
19
26
17
12
27.62

545
95
386
153
245
86
713
720
166
738
265
47.71

54.5
9.5
38.6
15.3
24.5
8.6
71.3
72.0
16.6
73.8
26.5
-

* Casing was done on 18th d after spawning

SOIL HEALTH
Analysis of tree leaf and its compost
Thirteen plant species leaves were analysed for
estimation of nutrient contents. The major
nutrients, N, P, K and Ca varied from 1.26 to 1.76
%, 0.12 to 0.31 %, 0.02 to 1.13% and 0.12 to 1.95%,
respectively. The contents of micronutrients present
in the leaf showed that Tectona grandis, Albizzia
procera, Gliricidia maculata and Michelia
champaca had the maximum amount of Zn (264
mg/kg), Cu (13.4 mg/kg), Fe (858 mg/kg) and Mn
(300 mg/kg), respectively (Table 1).
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Table 1. Analytical data of green tree leaf
Green tree leaf

Local name

N
(%)

P
(%)

K
(%)

Ca
(%)

Albizzia procera
Erythrina indica

White siris
Mandar
(Indian coral tree)
Champa
Climber
Neem
Teak
Sahatoot
Gliricidia
Banana
Subabul
White tephrosia/
White hoary pea
Gamahar
Indigo bush

1.33
1.41

0.21
0.28

0.04
0.04

0.27
0.65

137
139

13.4
10.9

475
351

39
231

1.58
1.76
1.33
1.44
1.26
1.16
1.44
1.40
1.73

0.16
0.29
0.16
0.21
0.31
0.29
0.23
0.22
0.24

0.02
0.14
0.12
0.05
0.04
0.65
0.34
0.39
0.85

0.64
1.52
1.22
0.45
0.65
1.97
0.12
0.42
1.95

88
182
155
264
40
32
30
137
39

8.7
12.7
7.8
11.1
3.2
3.8
5.4
3.5
9.9

241
668
776
322
222
858
414
194
179

300
12
12
79
72
43
66
27
238

1.41
1.31

0.21
0.12

0.03
1.13

0.23
1.90

40
66

4.7
11.5

233
373

28
34

Michelia champaca
Mikania micrantha
Azadirachta indica
Tectona grandis
Morus alba
Gliricidia maculata
Musa sp.
Leucaena leucocephala
Tephrosia candida
Gmelina arborea
Indigofera tinctoria

On making compost from the leaf, it is found
that the oxidisable carbon underwent a variation
from 1.91 to 5.71 % with N,P and K variable from
1.27 to 3.36 %, 0.2 to 1.58 % and 99 to 318 mg/kg,
respectively (Table 2). This indicated an
appreciable rise in N and P content in the compost
as compared to green leaf. Amomg micronutrients,
Zn, Cu, Fe and Mn showed a variation from 12.8
to 66.8, 5.1 to 37.2, 2600 to 3300 and 81 to 296
mg/kg thus indicating a high increase in iron
contents.

Zn
Cu
Fe
(mg/kg) (mg/kg) (mg/kg)

Mn
( mg/kg)

varied from 1-2.14 for N & P and 1-1.94 for K thus
indicating low to medium in nutrient status in soils
as studied. If N.I is below 1.5, the nutrient is low,
value, 1.5-2.5, nutrient is medium and in case of
N.I >2.5, nutrient is high in status.

Nutrient index
Nutrient index (N.I) for NPK in soils collected
from the different area under Farmers Club was
estimated and thus presented in Fig 1. The index

Fig. 1. Nutrient index of different soils

Table 2.Analytical data of compost prepared from leaves
Plants

Albizzia procera
Erythrina indica
Michelia champaca
Milkinia cordata
Azadirachta indica
Tectona grandis
Morus alba
Gliricidia maculata
Musa
Leucaena leucocep-hala
Tephrosia candida
Gmelina arborea

Oxidisable
carbon (%)

N
(%)

P
(%)

K
(g/kg)

1.91
3.23
4.38
2.23
3.35
3.22
4.51
5.26
3.38
4.94
5.71
4.89

1.27
1.89
2.36
1.47
1.77
1.83
2.67
3.11
1.76
3.16
2.63
3.36

0.20
0.59
0.55
0.55
0.26
0.50
0.76
1.05
0.85
0.83
0.85
0.78

99
116
103
159
97
108
286
332
318
184
181
286
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Ca
Zn
(g/kg) (mg/kg)
242
483
518
414
345
311
690
794
552
587
414
449

12.8
25.9
24.1
69.8
22.6
18.1
19.3
48.2
17.7
23.9
24.5
66.8

Cu
Fe
(mg/kg) (mg/kg)
12.3
16.1
54.1
19.6
5.1
34.1
13.2
9.0
37.2
31.3
13.9
18.0

3100
3100
2800
3300
3000
3100
2800
3100
3200
3100
2600
2900

Mn
(mg/kg)
87
228
296
154
81
162
188
216
201
181
218
165
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Fe varied from Trace to 122 µg/L, Trace to 34 µg/
L, Trace to 398µg/L and Trace to 580 µg/L. thus
indication some of the water samples are having
high iron contamination as the maximum
permissible limit for iron in water is 0.3 mg/L
(WHO Standard).

WATER QUALITY
Water samples werecollected from different
sources in South Tripura and was analysed to find
out both macro and micro elements in order to
assess the water quality. The no. of samples
analysed are 33 from 2 blocks and the analytical
data are presented below. pH of water samples
collected from different places in south Tripura
showed that the value underwater a variation from
5.37 to 7.48 thus indicating the value not in the
permissible limit (pH 6.5 to 8.5).concentration of
nitrate, phosphate, potassium and calcium varied
from Trace to 4.2 mg/L, Trace to 0.25 mg/L, 0.05
to 2.34 m/gL and Trace to 11.27 mg/L, respectively.
Contents of microelements in water are
presented in Table 1.Contents of Zn, Cu, Mn and

Progeny trial on Jatropha
In the progeny trial, 18 seed sources were
planted on 9 th May ’06 and the growth
characteristics estimated upto September ’08.
Jatropha planted from seed samples of Udaipur
(South Tripura) showed the maximum diameter of
11.37 cm with 10.66 primary branches and 37.44
secondary branches. The least basal diameter (7.48
cm) was noted in Jatropha planted from Khowai

Table 1. Microelements (µg/L) in water in South Tripura.
Block

Place ( Village)

Type of water

Zn

Cu

Mn

Fe

Kakraban

Mirja

Matabari

Barabhaya

Matabari

Uttar Maharani

Kakraban

Kishoregang

Matabari

Pitra (Gomati)

Kakraban

Jamjuri

Kakraban

Kushumpara

Matabari

Salgarah

Matabari

Pitra

Kakraban

Dudpushkurini

Matabari

Gokulpur

Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water
Drinking Water
Irrigation Water
Pond Water

16
13
60
38
88
36
72
28
44
34
34
16
32
28
34
122
14
64
60
26
36
32
26
90
4
Trace
26
Trace
4
10
10
4
20

6
8
4
2
2
4
4
6
6
Trace
34
8
2
4
Trace
Trace
Trace
Trace
4
4
6
Trace
Trace
8
Trace
Trace
Trace
4
Trace
Trace
Trace
Trace
2

6
38
22
24
6
2
126
12
6
Trace
Trace
Trace
Trace
22
3
398
28
2
2
4
6
52
24
2
2
Trace
2
Trace
Trace
24
Trace
1
Trace

2
72
36
31
54
113
Trace
72
12
Trace
Trace
2
Trace
138
196
68
38
38
68
188
232
18
44
76
124
102
148
344
300
236
580
116
258
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(West Tripura) with 10.99 no. of primary branches
and 23.10 nos. of secondary branches. Male/female
ratio is a matter of great concern in Jatropha
plantation. Male/female ratio underwent a variation
from 11.67 to 60.30 with fruit yield from 124.60
to 537.60 g/plant. Seed yield was variable from
39.05 to 226.27 g /plant with the shelling per cent
from 31.3 to 42.09. 1st flowering was recorded in
the month of April ’08. In the 2nd flowering male/
female ratio varied from 3.67 to 17.52 with fruit
and seed yield from 9.66 to 1266.66 g/plant and
5.3 to 368.66 g/plant.After 2 years of planting, total
fruit and seed yield from two times of flowering
underwent a variation from 134.26 to 1798.08 g/
plant and 47.59 to 594.24 g/plant with recovery
from 22.98 to 57.88 %. There was an increment of
the effect of pruning on the secondary branches of
jatropha. Jatropha from Dimapara (South Garo
Hills ) showed the maximum no of secondary
branches (50-56) thus indicating the maximum
fruit/seed yield after 2 years of planting.
Agrisilviculture trial
The agri-silvi culture trial was planted in
May’08 in a spacing of 4x3 m. Jatropha from
Mendipathar (East Garo Hills) had the maximum
basal diameter of 12.3 cm with 45.33 no. of
secondary branches. Fruit yield was also maximum
(442.77 g/plant) in Jatropha from Mendipathar
(East Garo Hills). Male/female ratio (was variable
from 9.69 to 15.03. Bhindi (var. okra-152) and
Sesamum (B-67) were grown in the agrisilviculture trial. Radish (var. Bengal pink) was also
grown in the interspaces of jatropha and the
productivity was 5.68 t/ha.
Package of practice
In the package of practices trial with the
fertilizer dose of 26 g urea, 100 g SSP, 16 g MOP
and 1 kg cowdung, growth characteristics were
estimated.
National provenance trial
A national provenance trial was carried out in
Tripura centre with the following materials
collected from different places. The materials are
1) LBJJ-23 (Ranchi) 2) NDJC-1 (Faizabad) 3)
TFRI -07 ( Jabalpur) 4) JIP-12-520621 (Jammu)
5) JJ2 ( Jabalpur) 6) Pant JCP-1 (Uttarkhand) 7)

JCP-2 (Uttarkhand) 8) MNJ- 001 (Manipur) 9)
PDKVNOV-19 (Akola) 10) TR-4 (South Tripura–
Udaipur). Germination percent of the said
provenances of jatropha varied from 20 to 85.There
was no germination of the two seed sources, viz.,
CRJ-29 ( Hyderabad) and CALD -14 (Allahabad).
Cryo- preservation
The samples which were sent for Cryo –
preservation at NBPGR, New Delhi are as follows.
1) TR-1 (West Tripura–Khowai) 2) TR-2 (North
Tripura-Dharmanagar) 3) TR-3 (West Tripura–
Damdamia) 4) TR-4 (South Tripura–Udaipur) 5)
TR-5 (South Tripura– Birchandramanu) 6) NE-1
(Meghalaya) 7) NE-2 (Manipur) 8) NE-3
(Manipur) 9) NE-4 (Meghalaya) 10) NE-5
(Meghalaya) 11) NE-6 (Meghalaya) 12) NE-7
(Meghalaya) 13) NE-8 (Meghalaya) 14) NE-9
(Meghalaya) 15) RI-1 (Kerala) 16) RI-2 (Madhya
Pradesh) 17) RI-3 (Himachal Pradesh) 18) RI-4
(Rajasthan) 19) RI-5 (Chattisgarh) 20) RI-6
(Karnataka) 21) RI-7 (Maharashtra).
Propagation through stem cutting
Stem cutting collected from different places of
Tripura were planted in ICAR Research farm.
Male/female ratio of the materials varied from 4.82
to 17.33 with fruit yield from 20 to 250 g/plant. It
is indicated that the jatropha having narrow male/
female ratio could produce the highest fruit yield
after one year of planting.
Jatropha in undulated uplands
It is indicated that the fruit yield of the jatropha
planted in undulated terrains underwent a variation
from 28 to 445 g/plant. Hybrid napier was grown
as fodder in the interspaces of jatropha planted in
the hilly terrain and the productivity of green fodder
was 55.39 t/ha.

FARMING SYSTEM RESEARCH
FSR 1
A number of crop combinations were
undertaken in FSR 1 where the cropping intensity
was 300% and the economics of the cropping
sequence as worked out is presented Table 1.
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Table 1. Productivity and economics of the cropping sequence in FSR 1
Crop sequence

Productivity
(t/ha)

Cost of
Gross
Net
cultivation
Return (Rs/ return
(Rs/unit area) unit area)
( Rs/area)

Maize-black gram- Cauliflower

16.46 ( Green
cob) -1.38-14.23

9249/-

15,175/-

5926/-

1.25 lakh

1.65

Moong -Cauliflower

1.16 -10.13

2920/-

3355/-

435/-

0.27 lakh

1.15

Bhindi –Tomato

10.13 -10.13

3000/-

3950/-

950/-

0.59 lakh

1.31

Bhindi - Cabbage

9.0-24.0

3180/-

5940/-

2760/-

1.53 lakh

1.86

Sesamum- Field pea

0.85 – 0.64

1536/-

1615/-

79/-

0.041 lakh

1.05

Indian bean – radish - Carrot

14.07-11.15 -21.66

1802/-

3582/-

1780/-

3.29 lakh

1.98

Upland rice –radish - Broccoli

2.31 -6.03-8.50

2485/-

2537/-

52/-

0.065 lakh

1.02

Moong - Broccoli

1.21-7.42

1865/-

1985/-

120/-

0.17 lakh

1.06

Sesamum- French bean – French

0.69 -2.11-0.55

1676/-

2010/-

334/-

0.19 lakh

1.19

Upland rice - French beanCapsicum

1.84-1.78-22.61

2200/-

6063/-

3863/-

4.60 lakh

2.75

Sesamum

0.79

245/-

300/-

55/-

0.087 lakh

1.22

Sesamum- Carrot

0.75 -9.33

968/-

1390/-

422/-

0.70 lakh

1.43

Arhar

0.55

380/-

400/-

20/-

0.014

1.05

It is thus indicated that the crop sequence of
upland rice–French bean–Capsicum could give the
maximum benefit/cost ratio of 2.76 followed by
Indian bean–radish–Carrot (1.98) and Bhindi –
Cabbage (1.86). Various fruit plants were grown

Net
return
(Rs/ha)

Benefit
:cost
ratio

in the farming system and their economic return as
evaluated is presented in table 2.
The total area brought under various cropping
in FSR 1 was 3903 m2 and the net economic return
was Rs 31,324. The benefit /cost ratio underwent
a variation from 1.02 to 4.51

Table 2. Economic returns from horticultural crops in farming system
Horticultural crops

Productivity
(t/ha)

Aonla – bitter gourd-

0.22 -1.30(Bittergourd)

Aonla – Pumkin

70.13(Pumkin)

Cost of
Gross
Net
Net
cultivation
return (Rs/ return (Rs/ return
(Rs/unit area) unit area) unit area)
(Rs /ha)

Benfit /
cost
ratio

480/-

876/-

396/-

0.16 lakh

1.83

1160/-

2831/-

1671/-

0.58 lakh

2.44

Guava – lemon ( Baramasi) 1.03 (Lemon)

87/-

207/-

120/-

0.06 lakh

2.37

Lemon

3.0

50/-

100/-

50/-

0.12 lakh

2.0

Mango

1.04

250/-

375/-

75/-

0.031 lakh

1.50

Banana

2.48

720/-

2536/-

1816/-

0.47

3.52

Fish

3.68

1860

8400/-

6540/-

2.01 lakh

4.51

Broom grass

5.55

720/-

1200/-

480/-

0.44 lakh

1.66

Vegetable

108

2760/-

6140/-

3380/-

3.19 lakh

2.22
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ANIMAL SCIENCES
GOAT
Effect of artificial feeding on growth and
mortality rate of Black Bengal kids
The aim of the study was to reduce the mortality
rate of Black Bengal kids born in triplet or
quadruplet litter size or even in the case of death
of nursing doe. To investigate the effect of artificial
feeding on Black Bengal kids, six kids were
separated at the age of day 2 from mother does and
fed on diluted milk powder with lactobacillus in
four times a day using feeding bottle and it was
continued upto the age of day 45 and thereafter
creep feed was started and bottle milk feeding was
discontinued from day 46 onwards and the kids
were maintained on creep feeds upto the age of
120 days. Another six Black Bengal kids were
maintained along with their mothers (as found in
case of farmer’s practice) during the course of
investigation and these kids served as control.
Weekly body weight gain of all kids was recorded.
Mortality rate was also noted. There was no
significant difference (P>0.05) in body weight gain
between the two groups upto 2-month of age (Fig
1). Though there was a decrease of body weight
gain in kids fed on creep feeds as compared to the
control kids, mortality rate was higher (P<0.05) in
farmer’s practice group kids (50%) as compared
to artificial feeding group kids (16.7%). Artificial
feeding might be a good managemental approach
for controlling kid mortality during early life.

Fig. 1. Body weight gain in two groups of kids

Optimization and validation of an enzyme
immunoassay (EIA) for the determination of
growth hormone (GH) in goat plasma
To optimize and validate an enzyme
immunoassay (EIA) for the determination of

growth hormone (GH) in goat plasma, ovine GH
(NIDDK-oGH- 15, Bio, Lot # AFP 9220A) and
ovine GH antisera (NIDDK-anti-oGH A.S., CYTO,
Lot # AFP 2861453P) procured from HarborUCLA Medical Centre, Carson, CA, USA were
used, since the caprine growth hormone (GH) and
antisera were not available. Biotinamidocaproate
N-hydroxysuccinimide ester (Sigma-Aldrich,
Germany) was coupled to ovine GH to prepare
biotinylated ovine GH (oGH) conjugate. A twodimensional titer determination test for the
optimum dilution of biotinylated oGH and the
antiserum was conducted. oGH standards in the
assay buffer and in various amount of hormone free
plasma (25, 50 and 100 μl) were run in assay to
determine the possible interference of plasma with
the accuracy of the assay. The homology between
ovine GH standard and endogenous GH in goat
plasma was assessed by conducting parallelism test.
Plasma samples containing high concentrations of
endogenous GH were collected following human
growth hormone releasing factor (hGRF 1-29
amide, BACHEM, Lot # FGRF 1299701) treatment
of three goats and pooled. The pooled sample was
serially diluted with EIA assay buffer to obtain
plasma volumes of 100, 50, 25, 12.5 and 6.25 ml
and run in an assay along with the oGH standards
(ranging from 50 to 12800 pg/well/100 μl prepared
in the EIA buffer). To evaluate the suitability of
the assay, the biological validation of the assay
using Black Bengal goats was performed under
hormone induced situations. To guarantee a high
and measurable plasma GH level, three female nonlactating, cyclic goats were treated with three
different dosages, viz. 1, 10, 15 mg/ 10 kg body
weight intra venous (i.v.) injections of hGRF. The
serial blood samples were collected using indwell
i.v. catheter in jugular vein at 15min interval
starting 1h prior to hGRF injection till 4h postinjection. A two-dimensional titer indicated that the
antibody titer of 1: 10,000 and the biotinylated –
GH conjugate titer of 1:800 were the most suitable.
The percentage binding of different concentrations
of oGH in 100 μl plasma was similar to that
observed in 100 μl buffer standards. Hence, all
assays were conducted taking 100 ml of unknown
plasma samples and standards prepared in hormone
free plasma. A standard curve was obtained in the
range from 50 to 12800 pg/well/100 μl prepared
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in hormone free plasma. In parallelism test, the
relative percentage binding for increasing plasma
volume and oGH standard were almost parallel to
each other, thereby confirming the actual GH
estimation in goat plasma. Regarding the suitability
of the assay, the gradual increase in plasma GH
concentrations in goats after the challenge of hGRF
treatment confirmed the biological validation of
the EIA technique for the determination of GH in
goat plasma. The sensitivity of EIA procedure was
50 pg GH/well/ 100 ml, which corresponds to 0.5
ng/ ml plasma. The intra- and inter-assay
coefficients of variation, determined using the
pooled plasma containing 32 and 2 ng/ml in 7
assays were 6.72% and 12.2% and 7.1.% and
12.8%, respectively. The application of the
technique is in progress for the routine analysis of
plasma GH within 24 hours. A simple and highly
sensitive enzyme immunoassay (EIA) was
optimized and validated on second antibody coated
96-well microtiterplate using biotin-streptavidin
peroxidase amplification system in a competitive
assay.
Phenotypic characterization for variation in
kidding size in Black Bengal goats.
Two-stage stratified random sample survey
based monthly phenotypic data on 281 pregnant
Black Bengal goats were recorded during 5 months
of pregnancy period and one set of observation after
kidding in 2 districts of Tripura viz., West Tripura
and South Tripura. The mean comparison through
one-way analysis of variance has detected
significant differences among most of the linear
body measurements in Black Bengal goats during
different months of pregnancy. The incidence of
multiple births (either twin or triplet) has been
recorded so far to be 71.89% with a prolificacy of
181.13%. Based on stepwise discriminant analysis,
body weight and height at withers were found to
be good indicators for higher litter size. 47.0 % of
goats with black hair color and 43.0 % of goats
with white skin colour were recorded to give twin
birth though such association was not significant
(p>0.05). The goats with bigger ear as well as
longer neck showed the tendency to give birth of
more kids. The fitted linear trend or simple
regression lines (Fig 2 & 3) for descriptors
indicated that udder height (from ground)

decreased significantly due to advancement in
pregnancy (months) for litter size two. Curved
head-rump length was found to decrease
significantly due to advancement in pregnancy
(months) for litter size three. The present
information indicated the trend of the result. As
the collection of data is still going on, the present
findings might be changed with the final sample
size. Some trends in phenotypic descriptors for
variation in kidding size in Black Bengal Goat have
been recorded.

Fig. 2. Regression lines for ‘Udder height (from
ground)’ for different litter sizes

Fig. 3. Regression lines for ‘Curved head-rump
length’ for different litter sizes

Elucidation of endocrine profiles for variation
in kidding size in Black Bengal goats
The female kids born at Goat Farm of ICAR
Research Complex, Tripura Centre, Lembucherra
were subjected to the weekly blood sampling
schedule from day 1 age through puberty,
pregnancy period upto the delivery of offspring (s).
Estrus was checked with vasectomized (teaser)
buck. The moment when the teaser buck mounted
on the female goat was considered as estrus. The
plasma samples harvested from the collected blood
samples were utilized for the estimation of
progesterone and luteinizing hormone (LH).
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Plasma progesterone concentration was used as an
indicator of ovulation during the estrous cycle. The
simple trends of plasma progesterone and LH in
female goats under three different groups have been
documented in Fig. 4. A trend of increasing
concentrations of plasma progesterone and LH in
does which were carrying more number of kids
during pregnancy has been recorded. However, the
present finding warranted further investigation on
more number of animals. The work is in progress.
Some trends in plasma progesterone and LH during
young age, pubertal age and pregnancy period in
female black Bengal goats for variation in litter
size have been recorded.

Balaram has been completed using questionnaire
for the selection of beneficiaries for the
implementation of goat rearing programme under
the project. Though goats in the farming
community are valuable animal resource, goats are
most uncared and they have less access to have a
shelter, health care and other support systems.
Group meeting, training programmes and
awareness programmes like deworming cum
treatment camp have been organized to introduce
goat house concept within the farming community.
Attempt was made for increasing the goat
population by providing goats to the farm men and
women. A survey on 246 families of Balaram has
been completed for the selection of beneficiaries.
Among 246 families, goat rearing is found in 111
families. Among 111 families who keep goats, 48
families have either ≥ 1 kani land or no land, while
63 families hold more than 1 kani land. At Balaram,
most surprisingly, 56 families having ≥ 1 kani land
or no land, don’t rear the goats. Based on the land
holding and goat rearing pattern and other factors,
111 beneficiaries have been selected. Out of 111
beneficiaries, 72.8% of the total selected
beneficiaries belong to SC, ST and OBC, while
27.2% farmers are coming from the general
category. A total of 62 farmers at Balaram have
already constructed goat house using bamboo and
other local materials (Fig 1). To increase the goat
population, a total of 102 female goats have been
provided to the 51 farmers at Balaram. The work
is in progress. Farmers showed keen interest
towards goat rearing under the livelihood

Fig. 4 . Hormonal profile of goat from birth
through puberty, pregnancy up to kidding

Goat raising for rural livelihood improvement
Aiming at enhancement of rural household
economy through the proper utilization of goat
resource, a family based survey on 246 families of

Fig. 1. Goat house made by farmers with locally
available materials
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improvement programme. Goat house concept
utilizing low-cost local materials was new and
innovative introduction in farming community.

POULTRY
Genetic improvement of growth and production
traits of Japanese quail in agro-climatic
conditions of Tripura
Two lines of Japanese quail namely coloured
and white (Fig 1.) were established for the genetic
improvement in the growth and production traits.
Base populations were established after random
mating in the parent populations. The mass
selection at higher 5 weeks body weight was
performed in the base population. The overall mean
performance of body weights of the progeny of
coloured quail line at 3, 4 and 5 weeks of age were:
118.82 ±1.21, 155.76±1.78 and 189.81±2.27 g,
respectively and the corresponding body weights
in white quail line were: 106.38±0.78, 137.54±0.92
and 166.64±1.07 g, respectively. The weight gain
in coloured quail line from 3-4, 4-5 and 3-5 weeks
of age were: 36.94±0.85, 34.28±0.92 and
70.99±1.44 g, respectively and the corresponding
weight gain in white quail line were: 31.16±0.38,
29.09±0.44 and 60.26±0.62 g, respectively.

Fig. 1. White breasted coloured Quail

Mean performance of D08 (PDP) stock
A total of 665 eggs of D08 variety of PDP,
Hyderabad were set for hatching. The average
percent fertility was estimated 86.02. The average

percent hatchability on total egg set and fertile egg
set were; 65.56% and 76.22%, respectively.
The mean body weights of D08 were measured
at 2, 4 and 6 weeks of age at the farm. After 6 weeks
of age, 50 % birds were distributed to farmers. A
total of 170 birds of D08 (5-12 birds to each farmer)
were distributed to farmers of Baghma village
(South Tripura). The mean body weights of D08 at
12 weeks of age were: 1.096 ± 0.030, 0.969 ± 0.019
and 1.013 ± 0.016 kg., respectively for male, female
and overall mean at the farm and the corresponding
body weights at field level were : 1002.00 ± 21.47,
804.56 ± 13.19 and 859.12 ± 15.11 g, respectively
for male, female and overall mean. The mean body
weights were significantly higher at farm level in
comparison to field level. The mean body weights
at all the ages of D08 were almost equal to
Gramapriya but lower than reported in case of
Vanaraja, Giriraja and higher than CARI Nirbhic
and CARI Shyama.
The cumulative feed consumption upto 6 weeks
of age was 1.178 kg. / bird. The feed consumption
per day between 19-20 weeks of age were: 133.31
g./ bird at the farm. The feed consumption was
lower in comparison to Vanaraja and Giriraja but
higher than CARI Nirbhic and CARI Shyama. The
average feed consumption in D08 than other stocks
may be due to moderate body weight of the bird.
The age at first egg was measured 156 days at the
farm. The age of first egg of D08 is higher than all
other stocks evaluated at this centre except Giriraja,
CARI Nirbhic and CARI Shyama. The weight at
first egg was 39.47 ± 0.36 g.
The percent mortality during brooding and
growing period was observed: 9.40 and 5.40 %,
respectively. The main cause of mortality during
growing period was due to infection of lymphoid
leucosis.
Evaluation of indigenous germplasm (Black) of
Tripura
The indigenous germplasm of Tripura was
established by purchasing birds from local farmers
(Fig 2). A flock of black colour having phenotypic
uniformity in colour and other traits was generated
and evaluated. A total of 1685 eggs of indigenous
germplasm were set for hatching. The average
percent fertility was estimated 81.0% and the
average percent hatchability on total egg set and
fertile egg set were; 67.0% and 82.0%, respectively.
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Fig. 2. Local indigenous germplasm (Black) at ICAR Tripura farm

The mean body weights of deshi black were
measured from day old to 20 weeks of age after
every two weeks interval and than at 40 weeks of
age at the farm. The mean body weights at 6 weeks
of age were: 259.67 ± 5.22, 226.79 ± 3.32 and
238.12 ± 2.94 g, respectively, for male, female and
overall mean at the farm. The adult mean body
weights at 40 weeks of age were: 1708.74 ± 39.55,
1317.85 ± 24.80 and 1443.69 ± 24.62 g,
respectively for male, female and overall mean at
the farm (Table 1). The mean body weights were
significantly higher in males than in females in all
the age groups of deshi black. The mean body
weights at all the ages of Deshi black were lower
than all the germplasm tested at this centre being
the genetic make up of the deshi germplasm.
The cumulative feed consumption upto 6 weeks
of age was 762.35 g/ bird. The mean feed
consumption per day between 19-20 weeks of age
were; 91.95, 84.65 and 88.30 g, respectively, in

male, female and overall. The feed consumption
per day between 39-40 weeks of age were: 90.03,
88.65 and 89.34 g/ bird at the farm (Table 1). The
feed consumption of deshi black on all the ages
was lower in comparison to all the stocks evaluated
at this centre. The lower feed consumption in this
stock may be due to lower body weight of the bird.
The age at first egg was measured 160 days and
the age at sexual maturity was 179.39 ± 1.18 days
at the farm. The age of first egg is lower than
reported in case of CARI Nirbhic, CARI Shyama
and other deshi stock at CARI Izatnagar. The first
egg weight and egg weight at 40 weeks of age was;
29.68 ± 0.16 g and 38.18 ± 0.50 g, respectively.
The egg weight of this stock was lower than all the
stocks evaluated at this centre. The lower egg
weight might be due to lower body weight of the
bird. The egg production upto 40 weeks of age was;
36.17 ± 1.54 eggs. The egg production of this stock
is lower than Gramapriya and Vanaraja but higher

Table 1. Mean performance of Tripura local germplasm (black) at the institute farm
Traits

Mean Performance

BW06WK (g)
BW12WK (g)
BW20WK (g)
BW40WK (g)
Age at first egg (days)
EP40 WK (nos.)
EW40 WK (g)
Cumulative feed consumption upto 6 wks. of age (kg/bird)
Av. feed consumption bet. 19-20 wks. of age (g/day)
Av. feed consumption bet. 39-40 wks. of age (g/day)
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Male

Female

Pooled

259.67 ± 5.22
620.79 ± 11.12
1186.09 ± 25.46
1708.74 ± 39.55
—
—
—
—
91.95
90.03

226.79 ± 3.32
504.83 ± 7.68
1003.64 ± 13.99
1317.85 ± 24.80
—
—
—
—
84.65
88.65

238.12 ± 2.94
545.76 ± 7.12
1061.59 ± 13.55
1443.69 ± 24.62
160179.39 ± 1.18*
36.17 ± 1.54
38.18 ± 0.50
762.35
88.30
89.34
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than other stocks evaluation at this centre. The
higher egg number at 40 weeks may be due to lower
age at first egg.
The percent mortality upto 6 weeks, from 7-20
weeks and from 21-40 weeks of age were: 4.60,
2.20 and 7.10 %, respectively at the farm level.
The percent mortality was significantly lower in
comparison to all the other stocks evaluated at this
centre.
Performance of CARI coloured broiler sire and
dam lines
During the period, a total of 1803 and 1493
fertile eggs were set for hatching for sire and dam
lines, respectively. The average percent fertility was
estimated 85.13 and 87.47 %, respectively in sire
and dam lines. The percent hatchability on total
egg set and fertile egg set were estimated; 66.22,
69.93 % and 77.78, 79.94 %, respectively, in sire
and dam lines.
The mean body weights of CARI coloured
broiler sire and dam lines were measured at 3, 4, 5,
6 and 8 weeks of age in both the sexes at farm. The
mean body weights at 5 weeks of age were: 1050.87
± 19.08, 930.44 ± 13.86 and 965.97 ± 12.17 g.,
respectively in case of male, female and overall
mean in the sire line and the corresponding body
weights at 5 weeks of age in case of dam line were:
826.70 ± 18.82, 739.51 ± 7.89 and 764.56 ± 8.16
g, respectively. The mean body weights were higher
in males in comparison to females. Moreover, the
mean body weights in sire line were higher in all
the age groups in comparison to dam line, since
the sire line was developed for higher body weights.
The age at first egg was observed 163 and 172 days,
respectively in sire and dam lines. The weight at
first egg was 49.92 ± 0.48 and 48.79 ± 0.37 g,
respectively in sire and dam lines. The egg weight
in sire and dam lines were not significantly
different.
The purpose for establishing these broiler parent
lines will be of crossing these lines with indigenous
germplasm, to evolve new variety (ies) of poultry,
which would be suitable for rural poultry
production.
Generation of different types of crosses
Three different types of crosses were generated
using selected birds from local black germplasm.

The female birds were selected on the basis of
physical appearance and higher egg production
upto 40 weeks of age. The males were selected on
the basis of higher body weight and shank length.
The crosses generated are as follows.
a. Gramapriya B&(GM) × Deshi black @&
(DF)
b. Deshi black B& (DM) × Gramapriya @…
(GF)
c. Female line B& (FM) × Gramapriya @…
(GF)
226, 402 and 305 fertile eggs, respectively of
the above said three crosses were set for hatching.
The higher percent fertility was observed in DM ×
GF cross and the lower fertility was observed in
FM × GF cross. The percent hatchability on total
egg set and fertile egg set was also higher in DM ×
GF cross. The lower fertility and hatchability
observed in FM × GF cross may be due to female
broiler line was used as sire line. The crosses are
under evaluation for their performance at farm
level.
Dissemination of improved germplasm of
backyard poultry for better livelihood of rural
people
The day old chicks of improved germplasm
were procured from the Division of Poultry Science
of ICAR Tripura Centre. A total of 836 day old
chicks of CARI Nirbhic variety were taken and
brooded upto 6 weeks of age at the farm. During
this period, the chicks were fed prepared starter
ration and vaccines to control deadly viral diseases
(RD (F1); IBD (MB strain); RD (R2B) inoculated
to the chicks. The beneficiary farmers were selected
on June 19-20, 2008 from both the locations viz.
Balrampara and Maracherra villages of Dhalai Dist.
On 30th June, 2008, in the presence of Panchyat
Samiti members, 816 chicks of CARI Nirbhic of 6
weeks of age were distributed to 68 beneficiary
farmers of Balrampara village of Dhalai Dist. n
the next batch, 1050 day old chicks of Gramapriya
variety were procured from the Division of Poultry
Science of the ICAR Tripura Centre. The chicks
were brooded at the farm and all the required
vaccines were inoculated during this period. On
27th Dec., 2008 in the presence of Joint Director,
ICAR Tripura Centre and Panchyat Samiti
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members of Maracherra village, 905 chicks of
Gramapriya variety of 6 weeks of age were
distributed to 75 beneficiary farmers of Maracherra
cluster (Fig 1). Training on rural poultry
production was also imparted to 87 beneficiary
farmers of Maracherra cluster to improve the skills
of farmers for augmenting poultry production. The
body weights at different ages were taken for both
the germplasm viz. CARI Nirbhic and Gramapriya
to assess the growth performance of the birds in
the fields conditions.

Fig. 1. Distribution of chicks to the farmers

FISHERY
Performance of self-recruiting native fishes in
composite fish culture
Majority of the people in Tirpura, irrespective
of their cast or tradition, prefer small native fishes
for their food than major carps. Always these small
indigenous fishes have higher market price and

good demand than major and minor carps. In these
circumstances, it was thought of using certain
species of native fishes to provide additional
income and a minimum production if any one fails
to stock fingerlings in any year. For this several
locally available self recruiting species (SRS) were
evluated in pond culture for past seven years under
an institute sponsored project (Table 1).
Of the seven species tried, mola
(Amblypharyngodon mola) is the most ideal fish
for incorporation into composite fish culture. A
combination of mola and Bronze featherback
(Notopterus notopterus) yielded better than all
other species and can contribute significantly to
the revenue from the composite fish culture.
Though many other species like Mystus vitatus,
Mystus tengra, Mastacembelus armatus,
Mastacembelus pancalus, Macrognaths aral,
Clarius batrachus, Heteropnesteus fossilus,
Channa spp., Chanda spp., were attempted
promising results were obtained only in six species.
A combination of some of the species like mola
with a catfish species may yield a better economical
model and there is lot of scope for further
investigations.
Parasitic infestation in self recruiting fishes
The self recruiting fishes can act as a reservoir
host for many species of parasites and can carry
certain disease problems to the new fishes stocked
in the ponds after every harvest. Sampling was done
at least 100 fishes each from different habitat
mostly from culture ponds with carps. Carps in the
culture system are the host for 24 species of
parasites. 7 species of SRS has been examined in
culture system. Some of them shared some parasites

Table 1. Production performance of carps and SRS in composite fish culture ponds
Self recruiting species

Amblypharyngodon mola
Colisa fasciatus
Esomus danricus
Notopterus notopterus
Puntius sophore
Anabas testudineus

Average
production
(kg/ha/year)

278
57
32
124
167
52

Average
production of
carps in
experimental
ponds (kg/ha/year)
3834
3788
3514
3648
3252
3076
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Average
production
from control
ponds
(kg/ha/year)

Impact
+ve/ -ve/
neutral

3578
3544
3536
3706
3598
3612

Neutral
Neutral
Neutral
Neutral
Negative
Negative
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with carps and some did not. A scoring system was
adopted.
Notopterus notopterus and Amblypharyngodon
mola were free from all kind of infection in the
sample examined. Though Anabas testeudines did
not share any parasite with carps, there was two
incidence of ulcer disease both in carps and
climbing perch. Colisa fasciatus shared only
Neoergasilus sp. but one digenea and one
monogenea also were recorded from C. fasciatus
which were very specific to C. fasciatus. Puntius
spp. Which were genetically more similar to carps
shared many parasites which clearly indicate that
these fishes can act as a reservoir host for many
parasites ands can spread of many infections to
carps if stocked together. 12 species of parasites
were recorded from P. sophore and 11 of them are
found infection carps as well. P. vitatu was found
infected by 9 species of parasites and all of them
were found infecting carps in the culture system.
A. mola and N. notopterus scored least and are very
ideal for culture along with carps at a self recruiting
level. C. fasciatus, E. danricus and A. testudineus
were scored less than 4 and are ideal for using SRS
with certain precautions for parasitic infections.
Puntius spp. are very popular as SIS to culture
along with carps in Bangladesh. They are found
risky during present investigation because these
fishes shared many parasites with carps and scores
were above 9. If we plan to culture these species
as SIS or SRS necessary precautions should be
taken to eliminate the parasitic infections before
introduction.
Parasitic diseases of cultured fishes
The parasitic survey was done chiefly on the
Indian Major Carps, Catla catla (Catla), Labeo
rohita (Rohu) and Cirrhinus cirrhosus (Mrigal) the
Chinese carps, Hypophthalamichthys molitrix
(Silver carp), Ctenopharyngodon idella (Grass
Carp), and Cyrinus carpio (Common Carp) and
Minor carps Labeo bata (Bata), Labeo calbasu
(Calbasu) and Labeo gonius (Gonius) .
The specimens were collected from various
aquaculture sites daily. Different life-stage forms,
from fry to adult stages of all the species were
examined. Water samples were analysed on
monthly basis for important water quality
parameters namely pH, dissolved O2 and nutrients
like nitrate, nitrite, phosphate and silicate.

Among trematode, monogenean infections were
the most prominent in all the species. Thirteen
species of monogeneans including one new species
were collected and identified from nine host
species. All of them are new report from this region
and several of them are new host records. Digenean
infection was observed only in few occasions of
metacercareae from all hosts except silver carp and
grass carp. Centrocestus formosanus was found
infecting on gills and Clinostomum complanatum
was recovered from muscles. Cestode infection was
almost rare. One surprising fact is that in spite of
the presence of large variety of snail, which forms
the intermediate host of Digeneans; the infection
of Digenean was too low to have any serious
consequences in the aquaculture system. Same is
as the case of nematodes. Acanthocephalan
infection was confined only to Catla catla by
Acathogyrus tripathi and the parasite was found
causing erosion and damages to the intestinal villi.
Copepod infections were also found widespread
in all the host species. Ergasilus (Fig 1),
Neoergasilus, Argulus, Lernae and Catlaphila were
obtained from the gills, scales and fins and skin of
the specimens. Two of the Ergasilus species
obtained were new to science. Neoergasilus
longispinosus is reported for the first time from
India. Besides Catlaphila elogata (Fig 2) new
species of Catlaphila was also recorded from Catla
catla. As mongeneans, there were several new host
records and almost all of them are reported for the
first time from this region.
Protozoan infection also was common in fishes.
Ichthyophthirius multifiliis and Trichodinean

Fig. 1. Ergasilus new species (live)
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infections were mostly
observed in fry and
fingerlings stages or in
stunted
yearlings.
Myxozoan infection
was common and
observed in all size
groups. Myxobolus
mrigali was very
common
and
is
recovered from almost
all species of fishes.
Myxobolus infection
was heavier and was
causing mortality in fry
Fig. 2. Catlaphila
and fingerling stages. A
elogata (live)
species probably a new
species of Thelohanellus (Fig 3) was found
infecting skin and ins of all Indian major carps and
minor carps.

Fig. 3. Thelohanellus sp. (Gimsa stain polar
filament extruded)

Some of the parasites got introduced into this
region and could able to spread widely as in the
case of Argulus japonicus and Neoergasilus
japonicus and some of the native fauna could adopt
well and spread to introduced hosts like that of
many monogeneans which are being reported for
the first time from carps. Some species showed
strict host specificity like Catlaphila and
Acanthogyrus. Apparently there observed a strong
similarity in nature and infection of parasites within
the groups Indian major carps, Chinese carps and
minor carps.

NATIONAL AGRICULTURAL
INNOVATION PROGRAMME

Livelihood improvement and empowerment of
rural poor through sustainable farming systems
in northeast India
The National Agricultural Innovation
Programme (NAIP) has identified 150 backward
districts in India for component 3. The sites where
the programme had been implemented in NEH are
South Garo Hills –Meghalaya, Dhalai- Tripura,
Tamenlong-Manipur, Saiha-Mizoram, Upper
Subansiri –Arunachal Pradesh, North SikkimSikkim and Mon-Nagaland. About 53-98 % of the
population belongs to schedule tribes in the above
mentioned districts. Different tribes live in these
hilly areas in houses made out of bamboo, about
five to six feet raised above the ground, to be saved
from wild animals and they have their own cultural
heritage by their language, religion, social customs
and culture. They prefer to wear clothes made by
them and even they grow the cotton in their jhum
land. In absence of any authentic document on the
history of socio-cultural status of each tribe, not
much has been written on these subjects.
A multi pronged and multi disciplinary work
plan has been developed in a participatory mode
and implemented in order to have a measurable
impact in the target area and document lessons for
up-scaling the approach. A team consisting of
scientists, social workers and elected
representatives has been formed specifically for
each of the identified clusters to carry out the
project work effectively and efficiently.
Major nterventions made during the year
includes
• Improved farming systems
• Rain water harvesting / management
• Subsidiary income generating activities
• Capacity building and skill upgradation
• Promotion of activity specific SHGs
Various activities performed during the year
are presented in tables 1-6 and figs. 1-4.
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Table 1 Area covered under different farming systems
Farming Systems

Area(ha)

Jhum rehabilitation (Tamenglong, Mon, Saiha)
Fish based farming system model (Dhalai, Tamenglong, Mon& Saiha)
Agri based integrated farming system (All sites)
Horti-based farming system (All sites)
Terracing for wet rice cultivation (Panikheti in Mon and North Sikkim)
Multi-storied cropping system (Teak + ginger + black pepper + pineapple + napier) (Dhalai &Tamenlong )
Paddy cum fish culture (Tamenlong)
Alder based farming system with local species & Zabo farming system (Mon)
Tuber crop based Farming system (Elephant yam+ Diascorea+ Colocasia Tapioca + Arhar +Seasam+
Lemon+ Upland paddy+ Napier +Broom grass etc.) Dhalai
Introduction of seed village (Tamenglong-Rice RC Moniphou-6)
HYV introduction (in all sites)
Introduction of SRI method for paddy cultivation (Dhalai, South Garo Hills& North Sikkim)

175.0
25.8
50.6
120.0
7.0
12.25
1.0
1.0
1.0
31.0
312.0
180.0

Table 2. Water harvesting structure developed in different sites
Surface water harvesting structures
Micro irrigation systems installed/operated

South Garo hills-27;Dhalai-13;Saiha;21;Mon-2;Manipur-7
Mon-2

Table 3. Subsidiary source of income through income generating activities
Activity

No. of units

Protected cultivation through poly house
Bee keeping
Cattle rearing
Mushroom cultivation
Fishery for (composite fish culture )
Nursery unit
Vermi-composting
Piggery

08 (North Sikkim-5, South Garo Hills-2, Nagaland-1, Saiha-1)
06(Dhalai-3& Mon-3)
18 nos. of cows with 5 calves (Dhalai-6 SHGs)
18(Dhalai-10, South Garo Hills-2, Mon-2, Uppersubansiri-4)
65 (South Garo hills-27, Dhalai-35, Saiha- 6, Tamenglong- 7=65)
17(North Sikkim-17)
20 (North Sikkim-01, Mon-1, Dhalai-02, South Garo Hills-10)
59(Dhalai- 32, South Garo hills-2, Mon- 4, Saiha- 2, North Sikkim-1,
Tamenglong- 18=59) (unit-1M+2F)
142 nos. of goats (Dhalai-51 farmers &10 SHGs)
5560 birds for 205 farmers &5 SHGS (Dhalai, Mon, South Garo Hills,
Saiha, upper Subansiri)
Agro processing unit-4 (Dhalai-1initiated, upper subansiri-2 Saiha-1)
Constructed 30 nos. of modified Curing houses at North Sikkim.
Constructed 02 nos. of Bio-gas plant at South Garo Hills.
Constructed 01 no at South Garohills, North Sikkim and Mon
Constructed 01 no at Mon
Rice Huller cum Maize grinder given to Villagers at Mon.

Goatery
Poultry
Post harvest unit
Curing Houses for large cardamom
Biogas Plant
Construction of community hall
Construction of Public toilet
Introduction of Rice huller cum maize
grinder

Table 4. Promotion of activity specific SHGs
Activity

No. of units

Weaving
Establishment of rural godowns (storage)
Sewing, embroidery and tailoring

20 units (Dhalai-5, South Garo Hills-6, Tamenlong-4 Mon-5)
03 nos. ( North sikkim-1and Mon-2 )
25 (Dhalai-4, Upper subansiri- 10, South Garo Hills-8
Tamenglong-3).
35 (Mon) households

Kitchen garden concept at their backyards with
summer and winter vegetables
Knitting unit
15 (North Sikkim-4, Dhalai-5 Tamenglong-6)
Inputs like incense stick making machine, woolen yarn, 2 SHGs at Dhalai (Earning Rs. 600 to 3000/- per month).
carpentry tool set, muri making utensils, fishing nets
etc., were distributed amongst the beneficiaries and
SHG groups
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Total 168 nos of SHGs are involved under NAIP
Comp-3(North Sikkim-23, Mon-25, Saiha-12,

Upper Subansiri-11, Dhalai-40, Tamenglong-30,
South Garo Hills-27)

Table 5a. Capacity building, skill up gradation
Name of the training/
workshop

No. and type
of participants

How is it the relevant to sub-project ?

Training on Scientific fish
farming
Training on Mushroom
cultivation
Training on Poultry farming

Farmers (55 nos.)

For income generation of the farmers

SHG Members (1200) Income generation and employment opportunities to the rural
practising farmers and youths
Beneficiaries (300)
Income generation and employment opportunities to the rural
practising farmers and youths
Training on rice cultivation
Farmers (1100 nos.)
Innovative method of rice cultivation and beneficial in terms
through SRI
of contributing in productivity
Training on Scientific methods
Farmers (30 nos.)
To increase the population of cattle in the particular area and
of cattle farming
production of milk for domestic as well as for commercial
purpose.
Training on De-worming of goat
401 nos of goats were Maintaining the health condition of goat for proper rearing in
treated
future
Training on Weaving , Stitching , Women SHG members To empowered the women society by making them engaged
Tailoring etc.
(100 nos.)
and which reduces the drudgery in the area
Training on value addition and
SHG members
To make possible for preserving the fruits and vegetables
preservation of fruit and vegetables (45 nos.)
wasted every year due to lack of storage facilities in the villages
Training on Rabi season vegetable Farmers (394 nos.)
Enable to produce different vegetables during the rabi season
production
as most of the lands in NE region are left barren during the
rabi season
Training on Scientific pig rearing Farmers (145 nos.)
For income generation of the farmers
Demonstration on low cost
Farmers (25 nos.)
To obtain organic manure for sustainability of agriculture in
Vermicomposts unit
rural areas and to learn how to produce organic manures without
much labour
Training on Animal husbandry
Farmers(425 nos.)
To increase the population of livestocks in the disadvantaged
practices for rural poor
areas of NE India
Training on Integrated Farming
Farmers (258 nos.)
To obtained maximum benefit from the farming system
System
contributing to the livelihood of the rural poor

Fig 2. Fishery cum duckery farming in Nagaland

Fig 1. Silvi-horti system in Tripura
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Table 5b. Capacity building, skill up gradation
Name of the training/
workshop

No. and type
of participants

How is it the relevant to sub-project ?

Training on Bee Keeping

Farmers (146 nos)
SHG members
(38 nos.)
SHG members
(220 nos.)

Production of honey for income generation in the rural areas

Training on SHGs formation and
capacity building
Training on Biogas

SHGs Members
(20 nos.)
Training on power tiller operation Farmers (18 nos.)

For encouraging community participation in planning and
implementation of the project and also for ensuring post project
sustainability
Promotion of conventional energy sources
To promote awareness on utilizing and operating power tillers
to the rural youths
Awareness about modern tools

Demonstration of improved Agril. Farmers (200 nos.)
tools, farm machineries
Demonstration on fruit crops &
Farmers (70 nos.)
Awareness about fruit crops
growing of orchard
Demonstration on tuber crops
Farmers (25 nos.)
Promoting tuber crops in the project site areas
plantation
Training programme on large
Farmers (50 nos.)
Training would help Large cardamom growers in following
cardamom at Pangthang Farm ICRI
scientific mode of agriculture
Capacity Building & strengthening 12 SHGs beneficiaries) To detail various bye-laws, and functioning of the SHGs
of SHGs
Training cum Exposure visit on
15 beneficiaries
For soil conservation and judicious land use
terrace farming
Training on A-frame/contour line 06 beneficiary
Contour line making
making
Sustainable Agriculture Land
15 beneficiaries
For hedgerow intercropping
Technology I &II
Workshop in Food Security
55 participants
Food security is a grave concern in the Northeast and is the
through Sustainable Farming
Scientists from ICAR, concern of NAIP
Practices
Govt. Departments,
NGOs, Farmers
Training on Cultivation of Potato SHG members
It helps them to maintain proper spacing, pest management
(50 nos.)
and the method of potato cultivation for more production.
Pest, disease and piggery
SHG members
Could learn to manage important pests and diseases on Tomato,
management
(50 nos.)
Brinjal and Potato and to provide the right fodders to the pigs
Workshop on SHG management
Co-PI, Co.opt.
and Coordination (By ILRI)
Members from
Management and monitoring of the SHGs
SASRD and ICAR,
Jharnapani (13 nos.)
Pest management on Maize
20 nos. (Agronomy
For more productivity
SHG)
Training on Farm mechanization 20 nos farmers
To reduce drudgery, time consumption and for more
productivity
Awareness programmes on goat
141 farmers attended It helps the farmers to acquire knowledge to rear the goat for
rearing.
the programmes
commercial purposes.
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Table 6. Environmental and social frame work developed and implemented
Environmental

Social

Benefits
Reduce soil erosion

Benefits
Increased income because of the project intervention can
lead to improve livelihood status.
Villagers working in activity groups (SHGs) etc. helps in
better cohesion among the villagers
Generation of direct and indirect employment in the
village itself leads to reduce migration
Training and exposure visits planned in the projects leads
to increase awareness of the villagers of remote districts.

Conservation of rain water and soil moisture for increasing
cropping intensity and income of the farmers
Development of location specific agro forestry systems can
convert wastelands to production lands
Improved production methods and technologies after being
adopted can increase the crop production and thus reducing
the necessity for the farmers to go for jhumming

Fig 4. Own saved rice seed production in
Tamenglong

Fig 3. Wet rice cultivation in Saiha

Farmer’s participatory research on fish culture
A survey work was conducted at two project
sites at Morracherra and Balram. The water sheds
of the Bazar tilla area of Balaram and Kuchianella
area of Morracherra were selected for the initial
investigation (Fig 5). Four fishponds in Balaram
and seven in Morracherra were renovated. The
farmer has more or less good knowledge about
water quality condition, liming, fertilizer
application, species combination, feeding and over
all pond management.
Eleven beneficiaries were selected and trained
for scientific pond management. Active interaction
for a participatory approach was adopted and
distributed the grasses like napier hybrid and
paragrass to plant around the ponds. Farmers were
motivated to clean up all the fish ponds and
demonstrated the application of lime in ponds.
Farmers were given training for feed preparation

and feeding the fishes. Bag feeding was adopted
by all farmers. Grass carps were fed regularly with
grasses and other leaves. Whole family approach
was very successful and 100% participation from
women was recorded. The prgramme was very
successful and there was 2-4 times increase in fish
production.

Fig 5. Distribution of fingerlings
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Improvement of livelihood by mushroom
cultivation
Training on mushroom cultivation was given
to the farmers in adopted villages. Four days
demonstration, one each in 7 locations was also

given for ppopularizing mushroom cultivation.
Mushroom cultivation has been introduced in
Balaram and Maracherra villages (Table 3 & 4).
Farmers started selling of mushrooms and earned
money from selling (Fig. 6-9).

Table 3. Mushroom production and profit observed in Balaram village, Dhalai
Period/Month

No. of
Farmers

No. Spawn
bag used
(150g each)

19
23
11
32
19
35
139

43
82
41
215
90
279
750

June-July
September
October
November
December
January
Total

Total
expenditure
(Rs.)

Production of
mushroom
(kg)

Amount
received on
selling(Rs.)

Profit
(Rs.)

27.7
23
11.2
116
63
121
361.9

2216
1840
896
9280
5040
9680
28952

1700
856
404
6700
3960
6332
19952

516
984
492
2580
1080
3348
9000

Table 4. Mushroom production and profit observed in Maracherra Village, Dhalai
Period/Month

June-July
September-October
November- December
Total

No. of
Farmers

No. Spawn
bag used
(150g each)

21
17
95
133

116
120
134
370

Fig 6. Low cost mushroom shed

Total
expenditure
(Rs.)
1392
1440
1608
4440

Production of
mushroom
(kg)
32.5
35.75
33.6
101.85

Amount
received on
selling(Rs.)
2600
2960
2693
8253

Profit
(Rs.)

1208
1520
1085
3813

Fig 7. In-situ training on
mushroom cultivation

Fig 9. Farmers selling mushroom

Fig 8. Farmers producing mushroom
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4. PUBLICATIONS
MEGHALAYA (H.Q.)
Agronomy
Research papers
Munda G C, Das Anup and Patel D P 2009.
Evaluation of transplanted and ratoon crops
for double cropping of rice (Oryza sativa L)
under organic input management in mid
altitude sub-tropical Meghalaya. Current
Science. 96 (12): 1620 -1627.
Das Anup, Patel D P, Munda G C, Hazarika U K
and Bordoloi Jurisandhya. 2008. Nutrient
Recycling Potential in Rice – Vegetable
Cropping Sequences Under In-situ Residue
Management at Mid-altitude Subtropical
Meghalaya. Nutrient Cycling in AgroEcosystems. 82 (3): 251-258.
Abstracts/Extended summary
Panwar A S, Munda G C, Verma M R and Anup
Das. 2007. In: Souvenir of State Level
Workshop on Rice and Food Security held
at Dimapur w.e.f. 12-13 December, 2007. pp
54.
Panwar A S. 2008. Agro-pastoral based farming
system for production enhancement. In :
Summary if National seminar on soil health
and food security with special reference to
NE region held at CAU Imphal w.e.f 12-14
March, 2008. pp 17-28.
Panwar A S, Das Anup and Munda G C. 2008
Diversification of rice (Oryza sativa) based
cropping system in low land area under mid
hills of NE India. In: Proceedings of National
seminar on “New Paradigms in Agronomic
Research held at Navsari, Gujrat w.e.f 1921 November. pp 511-512.
Agroforestry
Singh Ramesh and Vishwakarma A K. 2008.
Growth performance of mandarin budded on
different root stocks, Nagpur, 24-26 July,
2008.

Singh Ramesh and Vishwakarma A K. 2008.
Performance of different citrus root stock
varieties under poly house, Nagpur, 24-26
July, 2008.
Vishwakarma A K. 2008. Presented Oral Paper on
(i) “Web based decision support system on
fertility management of soils of Mizoram”
(ii) “Boron is essential for sustainable
production of groundnut in acid soils” (iii)
“Rapid soil health test kit for acid soils”.
Pasighat, 21-26 September, 2008.
Brajendra, Vishwakarma A K, Bujarbaruah K M
and Pathak K A. 2008. Poster presentation
on “Web based decision support system on
fertility management of soil of Mizoram .
Umiam, 22-24 October, 2008.
Brajendra, Ramesh T, Patiram, Kumar Rajesh,
Vishwakarma A K and Ngachan S V. 2008.
Oral presentation on “Rapid soil health test
kit for acid soils. Umiam, 22-24 October,
2008.
Vishwakarma A.K. 2008. Presented Oral Paper.
Lime Recommendation Software for Acid
Soil Amendment (ii) Software for Crop
Nutrient Management: A Programme for site
Specific Efficient Management of Fertilizers
and Manures in Agriculture NEHU, Shillong.
Indian Science Congress, 3-7 January, 2009.

Entomology
Research papers
Devi Gitanjali, Yadav, R K and Azad Thakur N S.
2008. Screening of tomato varieties/Lines for
resistance against root-knot nematode
(Meloidogyne incognita). Indian Journal of
Nematology. 37 (1): 83-84.
Devi Gitanjali and Azad Thakur N S. 2008.
Screening rice germplasm/varieties for
resistance against root-knot nematode
(Meloidogyne incognita). Indian Journal of
Nematology. 37 (1): 86.
Devi Gitanjali and Azad Thakur N S. 2008.
Association of nematodes in edible
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mushrooms in Meghalaya. Indian Journal of
Nematology. 37 (1): 91-92.
Devi Gitanjali and Azad Thakur N S. 2008. Efficacy
of Arthrobotrys obligospora Substrate
against root-knot nematode (Meloidogyne
incognita) infecting tomato. Indian Journal
of Nematology. 37 (1): 97-99.
Kodandaram M H, Azad Thakur N S and Shylesha
A N. 2008. Toxicity and morphogenetic
effects of different botanicals on red cotton
bug Dysdercus koenigii Fab. (Hemiptera:
Pyrrhocoridae) in North Eastern Hill (NEH)
region of India. Journal of Biopesticides. 1
(2): 187-189.
Papers in seminar/ conference / workshop
Azad Thakur N S and Kumar D. 2008. Bamboo
flowering in NEH Region and its
implications on environment and rural
livelihood. In International Conference on
“Improvement of Bamboo Productivity and
Marketing for sustainable Livelihood” 1517 April, 2008 at New Delhi.
Books
Kalaisekar A, Azad Thakur N S, Ngachan S V and
Ramamurthy V V. 2008. Butterflies of North
East India: Identification and Distribution
Map. Published by The Director, ICAR
Research Complex for NEH Region, Umiam,
Meghalaya. pp138.
Azad Thakur N S, Ngachan S V, Saikia Kanchan,
Rahman Zeenat and Sarmah Saurabh. 2009.
Insect Pests of crops in North East India
Published by The Director, ICAR Research
Complex for NEH Region, Umiam,
Meghalaya. pp. 360.
Book chapters
Azad Thakur N S and Saikia Kanchan. 2007. Insect
pests management. In Sustainable Crop
Production- for food sufficiency in NE India
(Eds AS Panwar, SV Ngachan, GC Munda
and Anup Das). Published by ICAR Research
Complex for NEH Region, Umiam,
Meghalaya. pp 362-385.
Azad Thakur N S, Shylesha A N and Kumar D.
2008. Species diversity of rodents in bamboo
flowering areas of Mizoram and their feeding

behaviour. In Recent Trends in Animal
Behaviour. pp 127-134.

Soil Science
Research papers
Patiram. 2008. Farming system approach for
sustaining soil health. Compendium
National Seminar on Soil Health and Food
Security with Special Reference N.E.
Region of India, pp. 1-10. College of
Agriculture, Central agricultural University,
Iriosemba, Imphal, Manipur, 12-14 March,
2008.
Patiram. 2008. Management of soil acidity for
increasing productivity. Souvenir National
Seminar on sustainable management of
acidic soils for higher crop productivity, pp.
4-19. College of Horticulture and Forestry,
Central agricultural University Pasighat191102 (Arunachal Pradesh), 22-24
September, 2008.
Papers presented in Seminar/ symposium
Patiram. 2008. Soil acidity, acidification and its
implications on soil fertility. National
Seminar on Sustainable Management of
Acidic Soils for Higher Crop Productivity.
College of Horticulture and Forestry (Central
Agricultural University) Pasighat (Arunachal
Pradesh), 22-24 September, 2008.
Patiram. 2008. Soil amendments to increase the
productivity of acid soils. National Seminar
on Sustainable Management of Acidic Soils
for Higher Crop Productivity. College of
Horticulture and Forestry (Central
Agricultural University) Pasighat (Arunachal
Pradesh), 22-24 September, 2008.
Patiram. 2008. Aluminium Toxicity and Tolerance
Mechanisms in Plants: An Overview.
National Seminar on Sustainable
Management of Acidic Soils for Higher Crop
Productivity. College of Horticulture and
Forestry (Central Agricultural University)
Pasighat (Arunachal Pradesh), 22-24
September, 2008.
Patiram. 2009. Management of acid soils either by
growing tolerant plants or development of
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tolerant varieties for sustainable production.
National Seminar on Sustainable Hill
Agriculture from 28th February to 2nd March
2009. ICAR –RC- Manipur Centre, Imphal.
Book
Patiram and Ramesh T. 2008. Technologies for soil
and soil fertility management of north eastern
region. Zonal Coordinating Unit (Zone-III),
ICAR Research Complex for NEH Region,
Umroi Road, Umiam-793 103 (Meghalaya).

Agricultural Economics
Research papers
Tripathi A K, and Pattanayak A. 2008. Improve
intercropping for increased productivity in
the hills of Meghalaya, India. IRRI-IFAD
Newsletter (DVD) Octorber-December
2008. Published by IRRI Philippines. Pg. 14
Tripathi A K, Datta K K, Khan A K, Verma M R
and Mandal S. 2008. Economic assessment
of front line demonstrations of ginger under
mild tropical hill conditions of Meghalaya,
Environment and Ecology. 26 (1A): 444-447.
Tripathi A K. 2008. India, initiates farmers
participatory seed production under a seed
village programme Published by IRRI
Philippines. Pg. 7.
Ghosh P K, Das Anup, Tripathi A K, Ngachan S V.
2009. Impact of some Selected Resource
Conservation Practices Studied in North East
India. (Abstract) in The 4th World Congress
held on Conservation of Agriculture at New
Delhi from 4-7 February, 2009.
Das Anup, Munda G C, Ghosh P K, Patel D P,
Ngachan S V, Tripathi A K. 2009. Resource
conservation through indigenous farming
system in north-east India. (Abstract) in The
4th World Congress held on Conservation of
Agriculture at New Delhi from 4-7 February,
2009.
Batah F S M, Gore S D and Verma M R. 2008.
Effect of jackknifing on various ridge type
estimators. Model Assisted Statistics and
Applications. 3 (3): 201-210.
Verma M R. 2008. A method of optimum
stratification for two study variables.
Journal of Indian Society of Agricultural
Statistics. 62 (3): 266-275

Verma M R.2008. Approximately optimum
stratification for ratio and regression methods
of estimation. Applied Mathematics Letters.
21 (2): 200-207.
Pandey Rajiv and Verma M R. 2008. Samples
allocation in different strata for impact
evaluation of developmental programme.
Biometric Brazilian Journal. 26 (4): 103112.
Monograph
Tripathi A K. 2008. Validated Technologies for
Rice-Based System in Northeast India
Monograph, Published by International Rice
Research Institute, November 2008.
Papers presented
Tripathi A K, Verma M R, Mandal S and Raju V
T.2008. Impact of Training Programme on
Production of Ginger and Turmeric in Ribhoi District of Meghalaya presented in the
22nd National Conference on Agricultural
Marketing held at PAU, Ludhiana from 2527 February, 2008.
Pattanayak A and Tripathi A K. 2009. Enhancing
production of rice landscape; Participatory
Technology Delivery; presented in 1996,
Indian Science Congress held in Shillong,
3-7 January, 2009.

Agricultural Extension
Research papers
Naskar S, Kumar Rajesh and Prakash N. 2008.
Performance study of broiler rabbit in north
eastern hill region of India, Environment &
Ecology. 26 (2A): 763-766
Prasad Kamta, Kumar Rajesh, Prakash N, Sah A K
and Verma R P. 2007. Analysis for non
adoption of agri-chemicals in NEH region
Indian J. Soil Cons. 35 (3): 268-270
Prasad Kamta, Kumar Rajesh and Prakash N. 2006.
Impact of hill agriculture training on the
knowledge level of women farmers of
Arunachal Pradesh Indian Journal of Hill
Farming. 19 (1&2): 158-160
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Kamta Prasad, Rajesh Kumar, Prakash N, Brajendra
and Verma RP. 2006. Traditional Soil and
water conservation practices followed by the
tribal farmers of the Mizoram Indian Journal
of Hill Farming, 19 (1&2): 83-89
Technical /popular articles
Kumar Rajesh and Prasad Kamta. 2008.
Popularizing organic farming in north eastern
region of India Indian Farming. 58 (6): 2526
Technical bulletins/books
Prakash Narendra, Kumar Rajesh, Kumar Rajiv and
Ngachan S V. 2008. Technologies for offseason vegetable crops, pub by ICAR
Research Complex for NEH Region, Umiam,
Meghalaya.
Abstracts
Kumar Rajesh, Syiem Darilyn and Ngachan S V.
2009.
Methodology
for
gender
mainstreaming in agricultural research and
development: an experience, Pub: 5 th
National Extension Education Congress
2009 held at CSAUA&T, Kanpur, Uttar
Pradesh w.e.f. 5-7 March, 2009. pp 256.
Kumar Rajesh, Prakash N, Ngachan S V and
Mishra A. 2009. Dynamics of food and
practices of Khasi tribe: learning for
traditional wisdom in eastern Himalayan eco
system, Pub: 5 th National Extension
Education Congress2009 held at
CSAUA&T, Kanpur, Uttar Pradesh w.e.f.0507 March 2009. pp 258.
Book chapters
Kumar Rajesh and Prakash N. 2008. Gender issues
in spread of off season vegetable
technologies for enhancing production and
income Published in book Technologies for
off season vegetable crops edited by Prakash,
N., Kumar Rajesh, Kumar R. and Ngachan
S.V. pp 96-101
Prakash N and Kumar Rajesh. 2008. Extension
strategies for dissemination of off season
vegetable technologies Published in book
Technologies for off season vegetable crops
edited by Prakash, N., Kumar Rajesh, Kumar
R and Ngachan S.V. pp 96-101.

Water Management
Research papers
Ghosh P K, Saha R, Gupta J J, Ramesh T, Das Anup,
Lama T D, Munda G C, Bordoloi Juri
Sandhya, Verma Med Ram and Ngachan S
V. 2009. Long-term effect of pastures on soil
quality in acid soil of North-East India.
Australian Journal of Soil Research. Volume.
47 (4): 1-8.
Ghosh P K, Tripathi A K, Bandhyopadhyay K K
and Manna M C. 2009. Assessment of
nutrient competition and nutrient
requirement
in
soybean/sorghum
intercropping system. European Journal of
Agronomy. 31: 43-50.
Saha R, Ghosh P K and Das Anup. 2009. Soil water
dynamics and yield as influnced by residue
and tillage management in maize (Zea mays)
- mustard (Brassica campestris) cropping
system. Indian Journal of Agricultural
Sciences. 79 (5): 340-345.
Bandhyopadhyay K K, Misra A K, Ghosh P K, Hati
K M, Mohanty M and Singh R K. 2008.
Assessment of critical soil water potential
for emergence of wheat, chickpea and linseed
seedling in relation to water stress in a
vertisol. Journal of the Indian Society of Soil
Science. 56 (3): 267-275.
Saha R, Majumdar B and Ghosh P K. 2009. Effect
of soil properties on prediction of soil
moisture retention characteristics acid soil
of Meghalaya. Environment & Ecology. 27
(2): 539-541.
Books
Ghosh P K, Ngachan S V, Singh R K, Das Anup,
Samuel M P, Lama T D, Saha R, Sarangi S,
Kumar Rajesh and Sonowal D K. 2008.
Watershed based integrated Resource
management: A sustainable approach for
livelihood improvement. ICAR Research
complex for NEH region, Meghalaya. pp
120.
Ghosh P K, Das Anup, Saha R, Munda G C and
Ngachan S V, Patel D P and Tripathi A K.
2008. Water management for enhancing
Agricultural productivity: A text book for
North-East India. ICAR Research complex
for NEH region, Meghalaya. pp 140.
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Presentations in conferences/
Symposia/ Seminars
Ghosh P K, Saha R and Das Anup. 2009.
Technologies for enhancing productivity in
NEH region. 96th Indian Science congress at
NEHU, Shillong from 3-7 January, 2009.
Ghosh P K, Saha R, Das Anup, Tripathi A K and
Ngachan S V. 2009. Impact of selected
resources conservation practice studied in
North-East India. 4th World Congress on
Conservation Agriculture at New Delhi from
4-7 February, 2009.

Horticulture
Research papers
Patel R K, Singh A, Yadav D S, Bhuyan M and
Deka Bidyut C. 2009. Waxing, lining and
polyethylene packaging on shelf life and
juice quality of passion fruit during storage.
J. Food Sci. Technol. 46 (1): 70.
Deka Bidyut C, Sharma S and Choudhury S. 2008.
Packaging system for long distant
transportation of khasi mandarin. Indian J.
Hort. 65 (4): 491.
Deka Bidyut C, Sharma S, Choudhury S and Pal R
K. 2008. Development of packaging system
for distant transportation of “Kew” pineapple
(Ananas comosus). Indian J. Agric. Sci. 78
(4): 340-342.
Singh Akath, Nath Amit, Buragohain Juri and Deka
Bidyut C. 2008. Quality and shelf life of
strawberry fruits in different packages during
storage. J. Food Sci. Technol 45 (5): 439442.
Bhatt B P, Anjani Kumar Jha and Rathore S S. 2008.
Studies on growth attributes of some
economically important indigenous
multipurpose tree species of Eastern
Himalaya, India. Indian Journal of Forestry,
Dehradun (accepted).
Kumar Rajiv. 2009. Evaluation of exotic gladiolus
under sub-tropical mid hills of Meghalaya.
The Indian Journal of Agricultural Science.
79 (2): 115-117.
Kumar Rajiv and Misra R L. 2009. Flowering of
gladiolus cv. Jester Gold as affected by
different doses of nitrogen, phosphorus and

potassium. Environment & Ecology. 27 (2):
607-610.
Conference/seminar proceedings
Nath A, Bidyut C Deka, Singh Akath, Choudhary
S and Paul D. 2009. Standardization of
protocols for production of value added
products from ginger. National Seminar on
Sustainable hill Agriculture held on 28th
February to 2 nd March, 2009 at ICAR
Research Complex, Manipur Center,
Manipur.
Singh Akath, Patel R K, Bidyut C. Deka, Nath A
and Ojah H. 2009. Standardization of
production and post production technology
of strawberry under subtropics of
Meghalaya. 96th Indian Science Congress,
NEHU, Shillong.
Singh Akath, Patel R K, Bidyut C Deka and Nath
A. 2009. Quality and shelf life of wax coated
passion fruit during storage. National
Seminar on Sustainable hill Agriculture,
Manipur.
Nath A. 2008. Advances in Tea Processing - a
Review. Agricultural Engineering inputs for
the development of the NE Region,
Organized by Dept. of Agril. Eng., Assam
University on 3rd December, Silchar, 98-105.
Nath A. and Chattopadhyay P K. 2008.
Development of process for soy fortified
ready-to-eat potato snack. 19 th Indian
Convention of Food Scientists and
Technologists (ICFOST, 2007), IIT,
Kharagpur.
Singh Akath, Nath A, Deka Bidyut C, Patel R K,
and Ojah H. 2008. Effect of altitude variation
and developmental stages on food properties
of kiwifruit. Regional conference on Food
Security and Sustainable Agriculture
Development. 24-25 November. Agartala
Tripura.
Singh Akath, Patel R K, Nath A, Deka Bidyut C,
Ojah H. 2008. Standardization of
agrotechniques for strawberry under subtropics
of Meghalaya. 3 rd Indian Horticulture
congress, OUAT Bhubneswar.
Rao Narsimha, B., Anjani Kumar Jha and Singh I
M. 2009. Performance of tomato selections
in Manipur conditions. In Book on Abstracts
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of Papers- National Seminar on Sustainable
Hill Agriculture (28th February to 2nd March,
2009), ICAR Research Complex for NEH
Region, Umiam, Meghalaya at Imphal,
Manipur. pp.30.

and beautiful flower. Indian Horticulture. 53
(4): 24.
Kumar Rajiv, De L C and Baiswar Pankaj. 2009.
Montbretia for flowers and foliage. Indian
Horticulture. 54 (2): 19 & 25.

Book chapters
Patel R K, Akath Singh, Yadav D S and De L C.
2008. Underutilized fruits of North eastern
region, India. Underutilized and Under
exploited Horticultural crops, Vol. 4 edited
by K.V. Peter, New India Publishing Agency,
New Delhi, 223-238.
Anjani Kumar Jha, Hussain S and Bhatt B P. 2008.
Horticulture based agroforestry in North
Eastern Himalayan Region. In Indigenous
Agroforestry Systems of India (ed. P.S.
Pathak)
De L C and Kumar Rajiv. 2008. Floriculture in NE
region: Achievements, constraints and
opportunities. In: opportunities and linkages
for Horticulture Research and Development
(Eds. K.L. Chadha, S.K. Singh and V.B.
Patel). The Horticultural Society of India,
New Delhi. pp. 195-210.

Training manuals
Deka Bidyut C, Nath Amit and Kumar Rajiv. 2008.
Post harvest Management of Horticultural
Crops of North East India. Published by the
Division of Horticulture, ICAR Barapani. p.
74.
Deka Bidyut C., Nath Amit and Kumar Rajiv. 2008.
Post harvest Handling and Value Addition
of Horticultural Crops. Published by the
Division of Horticulture, ICAR Barapani. p.
96.
Deka Bidyut C, Yadav R K, Sanwal S K, Patel RK
and Singh A. 2008. Training Manual on
Improved Production Technology of
Horticultural Crops. Published by ICAR
Complex under Technology Mission in
connection with a training organized at
KVK, Tura during 14-24 May, 2008.
Patel RK, Singh A, Deka, Bidyut C and Patel R S.
2009. Training Manual on Nursery raising
techniques of important horticultural crops.
Published by ICAR Complex under
Technology Mission in connection with a
training organized at ICAR Research
Complex, Barapani during 5-7 March, 2009.

Books
Patel R K, Singh Akath, Deka Bidyut C and
Ngachan S V. 2008. Handbook of fruit
production. Director, ICAR Research
Complex for NEH Region, UmiamMeghalaya.
Prakash N, Kumar Rajesh, Kumar Rajiv and
Ngachan S V. 2008. Technologies for off
season vegetable crops. Published by the
Director, ICAR Research Complex for NEH
Region, Umiam, Meghalaya. pp. 109.
Research bulletin
Yadav R K, Sanwal S K, Deka Bidyut C, Ngachan
S V, Sarma P J and Buragohain J. 2008.
Vegetable Improvement in North Eastern
Region. Published by the Director, ICAR
Research Complex for NEH Region,
Barapani.
Technical/popular articles
Kumar Rajiv, De L C, Baiswar Pankaj and Roy A
R. 2008. Saving Siroy lily: an endangered

Plant Pathology
Research papers
Baiswar P, Singh A K and Chandra S. 2008.
Epidemiological studies on rice blast in
Meghalaya. Environment and Ecology. 26
(1A): 354-355.
Baiswar P, Chandra S and Kumar Rajiv. 2008.
Evaluation of different bio-control agents
against Botrytis gladiolorum and Fusarium
oxysporum f.sp. gladioli of gladiolus under
in vitro conditions. Journal of Ornamental
Horticulture. 11 (1): 79-80.
Baiswar P, Chandra S and Ngachan SV. 2008.
Anamorph of Podosphaera xanthii on
Momordica cochinchinensis in India.
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Australasian Plant Disease Notes. 3: 166167.
Baiswar P, Chandra S and Ngachan S V. 2008. First
record of Neoerysiphe cumminsiana on
horseweed in India. Australasian Plant
Disease Notes. 3: 156-157.
Baiswar P, Chandra S, Kumar R and Ngachan S V.
2008. First report of powdery mildew of
Begonia cucullata var. hookeri in India.
Australasian Plant Disease Notes. 3 (1): 8384.
Baiswar P, Chandra S, Kumar R, Ngachan S V, Roy
A R and Upadhayay, D.N. 2008. First report
of leaf blight of Chinese ground orchid
(Phaius tankervilliae) caused by Botrytis
cinerea in India. Plant Disease. 92 (11):
1586.
Shekhar Meena, Dutta R and Kumar S. 2008.
Potential bio-control agent for management
of post-flowering stalk rot complex and
maize plant health. Archives of
Phytopathology and Plant Protection
Training manual
Dutta R and Ngachan S V. 2008. Post harvest
disease management in horticultural crops.
In: Training manual on Post harvest
management of horticultural crops of
Northeast India (Eds: Amit Nath, Bidyut C.
Deka and Rajiv Kumar). pp 51-55.
Dutta R and Ngachan S V. 2008. Post harvest
disease management in horticultural crops.
In: Training manual on Postharvest
Handling and Value addition of horticultural
crops (Eds: Amit Nath, Bidyut C. Deka and
Rajiv Kumar). pp 91-96.
Book chapters
Shekhar Meena, Dutta R and Kumar S. 2008.
Challenges in tackling new emerging
diseases of maize.In: Plant Diseases
Management for Sustainable Agriculture,
Daya Publishing House, Delhi. pp 72-88.
Popular articles
Rajiv Kumar, De L C, Baiswar Pankaj and Roy A
R. 2008. Saving Siroy lily: an endangered
and beautiful flower. Indian Horticulture. 53
(4): 24.

Abstracts
Baiswar P, Chandra S, Ngachan S V, Kumar Rajiv
and Roy A R. 2008. New record of diseases
from northeast India. In: National
Symposium on recent Advances in
Floriculture, 4-6 March, 2008, Navsari
Agriculture University.
Baiswar P, Chandra S, Dutta R and Ngachan S V.
2008. Management of Damping off of
Tomato using Panchgavya. In: 4th World
Congress on Conservation Agriculture:
Innovations for Improving Efficiency, Equity
and Environment, held during 4-7 February,
2009, New Delhi, India.
Baiswar P, Chandra S, Ngachan S V, Kumar Rajiv
and Roy A R. 2008. New record of diseases
from northeast India. In: National
Symposium on recent Advances in
Floriculture, 4-6 March, 2008, Navsari
Agriculture University.
Dutta R, Chandra S and Ngachan S V. 2008.
Identification of maize genotypes against
turcicum leaf blight of maize in mid hill
conditions In: Advances in Microbial
Diversity and Disease Management for
Sustainable Crop production” at College of
Forestry and Hill Agriculture, GB Pant
University of Agriculture & Technology, Hill
Campus, Ranichauri, Tehri Garhwal,
Uttarakhand during 13-15 October, 2008
Dutta R, Chandra S, Zaidi P H and Lal S. 2008 . A
simple and high throughput technique for
inoculation of Exserohilum turcicum in
maize. In: 10th Asian Regional maize
Workshop held at Makassar, Indonesia
during 20-23 October, 2008
Dutta R, Patel R K, Chandra S, Ngachan S V and
Deka B C. 2009. Identification of resistant
citrus genotypes against citrus scab (Elsinoe
fawcettii) in mid hill conditions of
Meghalaya. In: 96th Indian Science Congress
held at Shillong during 3-7 January, 2009.
Mariana D, Dutta R and Chandra S. 2008.
Management of tomato late blight
(Phytophthora infestans) through new
organic formulation in mid-hill conditions of
Meghalaya In: Advances in Microbial
Diversity and Disease Management for
Sustainable Crop production” at College of
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Forestry and Hill Agriculture, GB Pant
University of Agriculture & Technology, Hill
Campus, Ranichauri, Tehri Garhwal,
Uttarakhand during 13-15 October, 2008.

Plant Breeding
Research papers
Devi P T, Durai A, Singh T A, Gupta S, Mitra J,
Pattanayak A, Sarma B K, and Das A. 2008.
Preliminary studies on physical and
nutritional qualities of some indigenous and
important rice cultivars of north eastern hill
region of India. Journal of Food Quality.
31:686-700.
Haunshi S, Pattanayak A, Bandopadhaya S, Saxena
S C, Bujarbaruah K M. 2008. A simple and
quick DNA extraction procedure for rapid
diagnosis of sex of chicken and chicken
embryos. The Journal of Poultry Science. 45:
75 – 81.
Haunsi S, Saxena S C, Pattanayak A, Bandopadhaya
S, Tyagi A K, Bujarbaruah K M. 2008.
Simple multiplex PCR for rapid diagnosis
of sex of ducks and duck embryos. Journal
of Applied Avian Research. 33: 117 – 120.
Durai A A, Kozak M, Verma M R, Gupta S,
Pattanayak, A. 2009. Genetic analysis of
panicle and physiological traits in hill rice
grown in mid altitudes of northeastern India.
Acta Physiologiae Plantarum (accepted –
available online at present - ACCP First).
Gupta S, Kozak M, Sahay G, Durai A A, Mitra J,
Verma M, Pattanayak A, Thongbam P D, Das
A. 2009. Identification of promising
genotypes for cultivation and hybridization
in rice bean [Vigna umbellata Thunb. (Ohwi
and Ohashi)] in mid altitude of Meghalaya.
Journal of Agricultural Sciences (accepted–
available online at present).
Ryan P R, Raman H, Gupta Sanjay, Horst W J and
Delhaize E. 2009. A second mechanism for
aluminum resistance in wheat relies on
citrate efflux and maps to chromosome 4BL.
Plant Physiology. 149: 340-351.
Devi P T, Pattanayak A. 2008. Medicinal rice of
Manipur, their ethnopharmacological uses
and preliminary biochemical studies. Asian

J. Microbiol. Biotechnol Env. Sci. 10: 139 –
141.
Devi P T, Durai A, Singh ThA, Bidyapati D T, Gupta
S, Mitra J, Pattanayak A, Dhiman K R,
Bhadana V P, Hore D K, Ngachan S V. 2009.
Grain and food quality traits of some
indigenous medicinal rice cultivars of
Manipur, India. Int. J. Food Prop. (accepted).

Agricultural Engineering
Technical bulletin
Singh R K and Satapathy K K. 2009. Scope and
Adoption of Plasticulture Technologies for
Enhancing Production in North East Hill
Region. Envis Bulletin, ENVIS bulletin Vol
15 (1 & 2).

Tripura Centre
Research papers
Datta M and Singh N P. 2009. Effect of organic
amendments on productivity of rice (Oryza
sativa) based cropping systems under upland
rainfed ecology in Tripura, Environment and
Ecology, Kolkata (accepted).
Datta M and Singh N P. 2009. Nutrient management
in rice based cropping systems as influenced
by applying cattle manure alone or in
combination with fertilizers in upland acid
soils in Tripura, Communicated and under
revision in Journal of Indian Society of Soil
Science, New Delhi.
Chander Datt, Datta M and Singh N P. 2008.
Assessment of fodder quality of leaves of
multipurpose trees in sub-tropical climate of
India. Journal of Forestry Research. 19 (3):
209-214.
Biswas S and Singh N P. 2008. Influence of host
genotypes on the incidence of major diseases
of tomato during winter season in Tripura.
Indian J. Hort. 65 (3): 356-357.
Biswas S and Singh N P. 2008. Integrated
Management of Wilt of Tomato Caused by
Ralstonia solanacearum. J. Mycol. Pl.
Pathol. 38 (2): 182-184.
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Biswas S and Singh N P. 2008. Influence of
Climatic Conditions and Cultural Practices
on the Development of Fruit Bodies of
Pleurotus flabellatus in Tripura.
Environment and Ecology. 26 (2A): 792-795.
Haldar A, Paul R, Pan S, Mitra A, Biswas C,
Majumdar D, Ghosh S, Singh N P, Ngachan,
S V, Bujarbaruah K M, Prakash B S. 2009.
Validation of a simple, sensitive enzyme
immunoassay (EIA) for the determination of
caprine plasma LH. Small Ruminant
Research. 84: 22- 27 (NAAS JrnID S016,
rating- 7.7)
Abstracts
Biswas S and Singh N P. 2008. Influence of climatic
conditions on the cultivation of edible
mushrooms. International Symposium on
Agrometeorology and Food Security, Central
Research Institute for Dryland Agriculture,
Hyderabad, 18-21 February, 2008. Abstract
S7-P38, p193.
Biswas S and Singh N P. 2008. Use of Agricultural
residues for mushroom cultivation in Tripura.
Regional Conference on Food Security and
Sustainable Agriculture Development,
Organised by School of agriculture, Indira
Gandhi National Open University (IGNOU),
Maidan Garhi, New Delhi and IGNOU
Regional Centre, Agartala, Tripura, at
Tripura University during the period 24-25
November, 2008. p. 109.
Malik S and Singh N P. 2008. Performance of CARI
Shyama in agro climatic conditions of
Tripura. Annual Conference and National
Symposium held from 20-22 November,
2008. Organized by Indian Poultry Science
Association at A.A.U., Anand (Gujarat).
Book chapters
Datta M and Singh N P. 2009. An account of soil
erodibility indices in soils of Tripura under
variable land use systems, Communicated to
IGI Conference Proceedings, Tripura
University, Tripura.
Datta M, Singh N P and Ngachan S V. 2009. Soil
health management in the context of organic
farming in North East India, Communicated
to Conference Proceedings of Indira Gandhi
Open University, New Delhi.

Datta M. 2009. An Appraisal of agro-climatic
situations in relation to rice productivity in
North East India, Communicated for a book
on ‘Rice in North East India’, ICAR
Research Complex for NEH Region,
Meghalaya.
Datta M, Singh N P and Ngachan S V. 2009. Soil
nutrient management for rice production,
Communicated for a book on ‘Rice in North
East India’, ICAR Research Complex for
NEH Region, Meghalaya.
Biswas S and Singh N P. 2008. Influence of
environment in cultivating edible mushroom.
In: Climate change and food security. Ed. M.
Datta, N.P. Singh and D. Daschaudhuri. pp.
267-274. New India Publishing Agency, New
Delhi (India).
Books
Datta M, Singh N P and Daschoudhury D. 2008.
Climate change and food security, New India
Publishing Agencey, New Delhi.
Technical folders/ booklets/leaflets
Haldar A, Singh N P, Baral S, Paul S K, Sarkar R
and Satapathy K K. 2009. ‘Goat rearing for
household economic development’ (in
Bengali).
Conference proceedings
Datta M and Singh N P. 2008. An appraisal of humic
components in soils under variable land use
systems in Tripura, 73rd Annual Convention
of Indian Society of Soil Science, Bangalore,
Karnataka.
Datta M and Singh N P. 2008. Agroforestry
Systems: A look into Black pepper (Piper
nigrum L.) cultivation under subtropical
humid climate in Tripura, Proceedings for a
seminar held at Central Agricultural
Research Institute (CARI) at Port Blair,
Andaman & Nicober Islands.
Biswas S and Singh N P. 2008. Use of Agricultural
residues for mushroom cultivation in Tripura.
Regional Conference on Food Security and
Sustainable Agriculture Development, Indira
Gandhi National Open University (IGNOU)
(in Press).
Haldar A and Singh N P. 2008. Goats for
livelihoods: present situations and
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perspectives for the future. In Regional
Conference on ‘Food Security and
Sustainable Agriculture Development’,
organized by School of Agriculture, Indira
Gandhi National Open University (IGNOU),
New Delhi, held on 24-25 November, 2008
at Tripura University, Tripura. pp. 133
(Abstract)
Malik S and Singh N P. 2008. Strategy for the
sustainable rural poultry production in NEH
region. Presented in Regional Conference on
“Food Security and Sustainable Agriculture”
Organized by the School of Agriculture,
IGNOU, New Delhi and IGNOU Regional
Centre, Agartala (Tripura) from 24-25
November, 2008.
Malik S and Singh N P. 2009. Strategy for the
sustainable rural poultry production in hill
agriculture. Presented in National Seminar
on “Sustainable Hill Agriculture” organized
by ICAR Research Complex for NEH
Region, Umroi Road, Umiam, Meghalaya at
ICAR Manipur Centre, from 28th February
to 2nd March, 2009.
Training manuals
Biswas S. 2008. Disease management in jute and
fiber crops. In: Eds, Singh, N.P.,
Chattopadhyay, K. and Das, S.P., Training
Manual on Jute Technology. pp 38-41, ICAR
Research Complex for NEH Region, Tripura.
Publication No. 40.
Technical bulletins
Biswas S and Singh N P. 2008. Mushroom
Production- a technology bulletin for
Tripura. ICAR Research Complex for NEH
Region, Tripura Centre, Lembucherra.
Publication No. 39

Manipur Centre
Reserach papers
Datta K K, Singh S B and Mandal S. 2008.
Prospects, problems and scope of rice
production in northeast hilly states of India,
Agricultural Economic Research Review
(accepted).

Naskar S., Kumar R. and Prakash N. 2008.
Performance study of broiler rabbit in
northeastern hill region of India.
Environment and Ecology. 26 (2A): 763-766.
Roy S S and Hore J K. 2009. Biofertilizers and
inorganic fertilizers on growth and yield of
turmeric grown as intercrop in arecanut
plantation. Journal of Plantation Crop
(accepted).
Sharma P K, Gupta D and Sangle U R. 2008.
Occurrence and distribution of viral diseases
of tomato in Himachal Pradesh. Environment
and Ecology. 26 (4A): 1930-1932.
Sharma P K, Gupta D and Sangle U R. 2008. Partial
characterization of a Tospovirus from tomato.
Environment and ecology. 26 (4A): 19361937
Sharma P K, Vaid A and Sangle U R. 2008.
Prevalence and distribution of mosaic disease
of frenchbean in Himachal Pradesh.
Environment and Ecology. 26 (4A): 19381939
Singh I M and Devi P S. 2008. Influence of some
plant extracts on mycoflora of soybean seed
during storage. Int. J. Trop. Agri. 26 (34):517-520.
Singh I M, Devi P S and Ngachan S V. 2008. Effect
of plant extracts on seed storage mycoflora
of maize. Seed Res. 36 (2): 117-119.
Singh J, Bhadana V P and Datt Shiv. 2008.
Correlation and path coefficient analysis
among yield and its contributing traits in
pigeon pea (Cajanus cajan (L.) millsp.)
Environment and Ecology. 26 (3A): 13961399.
Singh J, Bhadana V P, Datt Shiv and Bajpai G C.
2008. Crossability and heterosis in
interspecific hybrids of pigeon pea. Indian
Agriculturist. 52 (1&2):1-4.
Singh J, Bhadana V P, Datt Shiv and Bajpai G C.
2008.Genetic variability and character
association in interspecific crosses of pigeon
pea. Environment and Ecology. 26 (3): 11381140.
Abstracts
Datta K K, Singh S B and Mandal S. 2009. Soil
Conservation Practices in the North-Eastern
Hilly Region of India – A Myth or Reality.
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In : Book of Abstracts, 4th World Congress
on Conservation Agriculture, 4-7 February,
2009, ICAR, New Delhi-12, pp.77.
Dhirendra N, Singh S B and Prakash N. 2009.
Seasonal Cambal activity and annual ring
formation of Pinus kesiya royle ex Gordon,
growing in sub-tropical forests of Manipur
in relation climatic factors. In : Book of
Abstract, National Seminar on Sustainable
Hill Agriculture, ICAR Research Complex
for NEH Region, Manipur Centre, Imphal
from 28th February to 2nd March, 2009.
Gupta S, Singh J and Pattanayak A. 2009. Screening
of pigeon pea (Cajanus cajan) and its wild
relative Cajanus acutifolius for pod boring
weevil (Apion clavipes) infestation. In : Book
of Abstract, National Seminar on Sustainable
Hill Agriculture, ICAR Research Complex
for NEH Region, Manipur Centre, Imphal
from 28th February to 2nd March, 2009.
Milan R K, Singh I M, Singh S B, Prakash N and
Ngachan S V. 2009. Seed quality status of
rice in Manipur. In: Book of Abstract,
National Seminar on Sustainable Hill
Agriculture, ICAR Research Complex for
NEH Region, Manipur Centre, Imphal from
28th February to 2nd March, 2009.
Prakash N, Singh S B, Singh I M and Ngachan S V.
2009. Sustainable Agricultural Development
in Manipur: Challenges and Opportunities.
In : Book of Abstract, National Seminar on
Sustainable Hill Agriculture, ICAR Research
Complex for NEH Region, Manipur Centre,
Imphal from28 th February to 2 nd March,
2009.
Praksh N, Singh S B and Singh I M. 2009.
Sustainable agricultural development in
manipur: problems and prospects. In:
Souvenir of National Seminar on Sustainable
Hill Agriculture, 28th February to 2nd March,
2009, ICAR, Manipur Centre, Imphal. p 5162.
Raizada A, Dyani B L, Dogra P, Kumar A, Singh S
B and Agnihotri Y. 2009. Trends of Crop
Diversification by Small Farmers in the
Himalayas. In : Book of Abstracts, 4th World
Congress on Conservation Agriculture. 4-7
February, 2009, ICAR, New Delhi-12, pp.77.
Roy S S, Rao B N, Singh I M, Lavid P S, Devi Y
Indrani and Ngachan S V. 2009. Performance

of High Yielding Clones of Colocasia. In:
Book of Abstract, National Seminar on
Sustainable Hill Agriculture, ICAR Research
Complex for NEH Region, Manipur Centre,
Imphal from 28th February to 2nd March,
2009.
Roy S S, Sharma P K, Singh I M, Prakash N and
Ngachan S V. 2009. Citrus in Manipur: Issues
and Strategies. In: Book of Abstract, State
Level Seminar on Citrus held at Imphal,
Manipur on 24th March, 2009.
Roy S S, Singh S G, Rao B N, Sharma P K and
Prakash N. 2009. Evaluation of potential
jatropha germplasm of Manipur. In : Book
of Abstract, National Seminar on Sustainable
Hill Agriculture, ICAR Research Complex
for NEH Region, Manipur Centre, Imphal
from 28th February to 2nd March, 2009.
Sangle U R, Sharma P K and Ngachan S V. 2009.
Effect of volatile metabolites released by
Trichoderma sp. on growth of Sclerotium
rolfsii. In : Book of Abstract, National
Seminar on Sustainable Hill Agriculture,
ICAR Research Complex for NEH Region,
Manipur Centre, Imphal from 28th February
to 2nd March, 2009.
Sharma P K, Sangle U R, Roy S S, Singh I M and
Singh S, Gunamani. 2009. Occurrence of
powdery mildew and mosaic disease
complex on jatropha. In: Book of Abstract,
National Seminar on Sustainable Hill
Agriculture, ICAR Research Complex for
NEH Region, Manipur Centre, Imphal from
28th February to 2nd March, 2009.
Singh A K, Ngachan S V, Prakash N and Singh S
B. 2009. Natural Resource Management in
North Eastern Hill Region of India: Status,
problems and prospects. In : Souvenir of
National Seminar on Sustainable Hill
Agriculture, 28 th February to 2nd March,
2009, ICAR, Manipur Centre, Imphal. p 1934.
Singh J, Bhadana V P, Singh I M and Prakash N.
2009. Interspecific hybridization in the genus
Cajanus. In : Book of Abstract, International
conference on Grain Legumes: Quality
Improvement value Addition and Trade,
IIPR, Kanpur from 14-16 February, 2009.
Singh J, Bhadana V P, Gupta S and Singh I M. 2009.
Crossability, Pollen fertility and Heterosis
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Studies in Intra and Interspecific Crosses of
Pigeon Pea. In : Book of Abstract, National
Seminar on Sustainable Hill Agriculture,
ICAR Research Complex for NEH Region,
Manipur Centre, Imphal from 28th February
to 2nd March, 2009.
Singh P, Sharma P K, Mishra A K, Praveen Shelly
and Devi P Banita. 2009. Identification of a
virus associated with mosaic in jatrophaand
vein yellowing disease in Ageratum
conyzoides. In: Book of Abstract, National
Seminar on Sustainable Hill Agriculture,
ICAR Research Complex for NEH Region,
Manipur Centre, Imphal from 28th February
to 2nd March, 2009.
Singh S B, Singh I M, Prakash N , Ngachan S V
and Tripathi A K. 2009, Economics of
Indigenous Farm Practices – A case of Zero
Tillage of Rapeseed in Manipur. In : Book of
Abstract, National Seminar on Sustainable
Hill Agriculture, ICAR Research Complex
for NEH Region, Manipur Centre, Imphal
from 28th February to 2nd March, 2009.
Tandon G, Kalha C S, Sharma P K and Tandon V.
2009. Effects of various supplementsand
biofertilizers on the yield of Calocybe indica.
In : Book of Abstract, National Seminar on
Sustainable Hill Agriculture, ICAR Research
Complex for NEH Region, Manipur Centre,
Imphal from 28th February to 2nd March,
2009.
Technical / Popular articles
Sangle U R and Sharma P K. 2008. Soil solarization
– a natural technique for management of
kitchen garden. The Sangai Express. pp 2.
Sangle U R and Sharma P K. 2008. Soil solarization
– a natural technique for management of
kitchen garden. The Sangai Express. pp 2.
Sharma P K, Rai P K and Tandon V. 2008. Saffronthe golden condiment. Indian farming . 6 (58)
pp 7-8.
Book chapters
Gupta D and Sharma P K. 2008. Fungal diseases
of apple and their management”. In : Plant
Diseases Management for Sustainable
Agriculture, (Ed. Shahid Ahamad). Daya
Publishing House. pp 373 (97-109).

Gupta D, Sharma P K, and Kumud J. 2008. Fungal
diseases of stonefruits and their management.
In : Plant Diseases Management for
Sustainable Agriculture, (Ed. Shahid
Ahamad). Daya Publishing House. pp 373
(165-182).
Kumar R, Prakash N and Pal P P.
2008.Collaborative role of extension science
in partnership research management. In:
Making Partnership A Success towards
Sustainable Hill Agriculture (Eds: Prakash,
Rajesh Kumar, K.M. Bujarbaruah, S.V
Ngachan B.K.Sarma, and Rajiv Kumar),
ICAR Research Complex for NEH Region,
Umiam, Meghalaya.
Kumud J, Sharma P K, Vaid A, Srivastava J N,
Gupta D and Ahamad A. 2008. Fungal and
viral diseases of gladiolus. In : Plant
Diseases Management for Sustainable
Agriculture, (Ed. Shahid Ahamad). Daya
Publishing House. pp 373 (155-164).
Pal P P, Prakash N, Kumar R and Sharma M. 2008.
Information technology for popularizing
IIFS. In: Shaping Agrarian Prosperity
Through Integrated Intensive Farming (Eds:
N. Prakash, S.V. Ngachan, K.M. Bujarbaruah
and Rajesh Kumar, B.K. Sarma), ICAR
Research Complex for NEH Region, Umiam,
Meghalaya.
Pal P P, Prakash N, Kumar R and Sharma M. 2008.
Backward and forward linkages for IIFS. In:
Shaping Agrarian Prosperity Through
Integrated Intensive Farming (Eds: N.
Prakash, S.V. Ngachan, K.M. Bujarbaruah
and Rajesh Kumar, B.K.Sarma), ICAR
Research Complex for NEH Region, Umiam,
Meghalaya.
Pal P P, Prakash N, Kumar R and Sharma M. 2008.
Public - Private Participation in research and
Extension Management. In: Making
Partnership A Success towards Sustainable
Hill Agriculture (Eds: Prakash, Rajesh
Kumar, K.M. Bujarbaruah, S.V Ngachan
B.K.Sarma, and Rajiv Kumar), ICAR
Research Complex for NEH Region, Umiam,
Meghalaya.
Prakash N. Kumar R Pal P P and Sharma M. 2008.
Recent development in agricultural
extension. In: Making Partnership A Success
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towards Sustainable Hill Agriculture (Eds:
Prakash, Rajesh Kumar, K.M. Bujarbaruah,
S.V Ngachan B.K. Sarma, and Rajiv Kumar),
ICAR Research Complex for NEH Region,
Umiam, Meghalaya.
Sharma P K, Vaid A, Srivastava J N, Gupta D and
Ahamad A. 2008. Diseases of saffron. In:
Plant Diseases Management for Sustainable
Agriculture, (Eds. Shahid Ahamad). Daya
Publishing House. pp 373 (136-140).
Srivastava J N, Sharma P K, Mishra A and Ahamad
A.2008. Diseases of walnut and their
management. In: Plant Diseases
Management for Sustainable Agriculture,
(Eds. Shahid Ahamad). Daya Publishing
House. pp 373 (110-120).

Escherichia coli. Indian Journal of Animal
Sciences. 79 (1); 15-18.
Kalita H, Hazarika L K and Bhuya U. 2008. Time
and method of application of insecticides for
management of insect pests of rice in early
stage. Pestology. 32 (5):17-19.
Kalita H. 2008. Monitoring of species composition
of rice stem borers Oryza. 45 (1): 82-83.
Kalita H, Chetia S K. and Hazarika K. 2008.
Feeding preference of rice hispa, Dicladispa
armigera (Olivier) to certain Joha varieties
of rice. Insect Environment. 14 (2): 58.
Kalita H and Ahmed T. 2008. Evaluation of the
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Boopathi T and Pathak K A. 2008. Insect pests of
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149.
Boopathi T and Pathak K A. 2008. Integrated pest
management of agricultural crops in
Mizoram. In: Regional Conference on Food
Security and Sustainable Agriculture
Development, IGNOU, Regional Centre,
Agartala, Tripura, India. pp. 27-32.
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6.

dk;Zdkjh lkjka’k

o”kZ 2008&09 ds nkSjku laLFkku esa fd, x, LFkku
fof’k”V vuqla/kku dk;ksZa dk Qlyokj laf{kIr fooj.k
fuEufyf[kr gS &

lesfdr iks”kd rRoksa ds izca/ku ls Qly vif’k”V $
ofeZdEiksLV $ tSo moZjd mipkj (4-25 Vu@gSÛ) ls
lokZf/kd mit fn[kkbZ nh gS rFkk eDds dh Qly esa Hkh
blh rjg dk ifj.kke (2-35 Vu@gSÛ) jgkA
ikni laj{k.k vuqla/kku esa fcvksosfj;k cSfl;kuk dk 3
fd-xzk-@gS- ds fglkc ls iz;ksx djus ij pkoy ds ireksM+d
jksx dk iz;ksx dkQh de (73%) gks x;kA u;h dhVuk’kh
nokvksa esa fjuSfDlik;j dk iz;ksx 4% th 3 th ,-vkbZ@gSvkSj fjuSfDlik;j 20 ,llh dk iz;ksx 30 fe-yh- ,-vkbZ@gSds fglkc ls djus ij nwljs o”kZ rd pkoy ds uk’khthoksa
dk izdksi de gks x;kA pkoy ds VwVu jksx ikbfjD;qysfj;k
ds fy, 1324 izfof”V;ksa dk ijh{k.k fd;k x;k rks buesa ls
60 izfof”V;ksa dks izfrjks/kh ik;k x;kA ef.kiqj ls crk;k
x;k fd IysDVSªUFkl VfuZQksfy;l ds ikS/k mRikn ls pkoy
ds ohfoy dhV dk dkjxj fu;a=.k fd;k tk ldrk gSA
f=iqjk dsUnz dVd] rkjk] xkjks] eyksVh] ,sM~ek] Vh-vkj-lh87&251] vkj-lh-ih-,y 1&115 vkSj Hkkyqe 2 fdLeksa esa
‘khFk CykbV dk izdksi de gqvk gSA flfDde dsUnz esa
tSfod [ksrh ds varxZr pkoy ds uk’khthoksa ds izca/ku ds
fy, uhe ds mRiknksa ds fuafclkbfMu (3 fe-yh@yh-) ;k
vpwd 3 fe-yh-@yh- ds fglkc ls gfj;kyh ds le; nks
fNM+dko djus ls rFkk Qly ds cwVyhQ Lrj ij ,e- ,s
fulksIyh ch cSfl;kuk dk ,d fNM+dko dj nsus ls dkjxj
mipkj ik;k x;kA

pkoy
mfe;e] es?kky; esa Qly mRiknu vuqla/kku esa lqxaf/
kr irys nkus okys pkoy dh vkbZ-bZ-Vh 17278 ¼4-38
Vu@gSÛ½] vkbZ-bZ-Vh 17281 (4-24 Vu@gSÛ) rFkk vkj-lh,e- 16 (4-17 Vu@gSÛ) fdLeksa dks mUur ik;k x;kA
v#.kkpy izns’k esa mijkÅa pkoy ds 23 oa’kdzeksa dk
ijh{k.k fd;k x;k rks ,l-vkj-,l-&5 ls lokZf/kd (3-25
Vu@gSÛ ) mit feyhA fetksje dsUnz esa mijkÅa pkoy dh
[ksrh ls vkj-lh-ih-,y 1&115 fdLe ls 1-92 Vu@gSÛ dh
vf/kdre vukt dh iSnkokj fjdkMZ dh xbZ tks Hkkyqe&1
fdLe ls 0-5 Vu vf/kd FkhA cf<+;k pkoy dh fdLe vkjlh-ih-,y&1&76 ls 6-7 Vu@gSÛ dh mit fjdkMZ dh xbZA
ukxkySaM dsUnz esa vkj-lh-vkj-Vh- ijh{k.k ds varxZr mijkÅa
pkoy thuksVkbi vkj-lh-ih-,y-&1&117ls loksZRre (3-4
Vu@gSÛ) mit izkIr gqbZA lqxaf/kr pkoy dh fdLeksa esa ls
vkbZ-bZ-Vh- 16313 ls 6-8 Vu@gSÛ mit fjdkMZ dh xbZA
iwoZ&[kjhQ pkoy mRiknu ds fy, ikS/k’kkyk izkS|ksfxdh
vkSj ikS/kksa dh mi;qDr vof/k dk ekudhdj.k fd;k x;kA
ekpZ ds vUr esa 45 vkSj 60 fnuksa ds ikS/kksa dh jksikbZ djus
ls vkbZ-vkj- 64 ls 3-28 Vu@gSÛ dh vf/kdre mit
fjdkMZ dh xbZA fupyh Hkwfe esa /kku dh [ksrh esa ikjEifjd
tqrkbZ dh rqyuk esa U;wure tqrkbZ ls [kjirokj ck;ksekl eDdk
fetksje dsUnz esa eDds dh foosd ,p okbZ&21 fdLe ls
vf/kd (2&4 xquk) jgkA v#.kkpy izns’k dsUnz esa Qly
mRiknu vuqla/kku ds varxZr vknzZ Hkwfe okys pkoy dh 10-46 Vu@gSÛ dh lokZf/kd mit izkIr gqbZA flfDde dsUnz
fdLeksa ds fy, de fuos’k okyh lao/kZu dk;Zfof/k;ksa dk esa Qly lq/kkj lEca/kh v/;;u ds vUrxZr fo’ks”k iz;kstu
ewY;kadu fd;k x;kA oh-,y&61 fdLe $ iMfyax esa vf/ okyh eDds dh fdLeksa dh igpku dh xbZA LohV dkSuZ]
kdre mit (3-96 Vu@gSÛ) izkIr gqbZA Y;wV $ VsQzksfl;k izfof”V vkj-lh-,l-lh- 7 esa lokZf/kd xjh dh iSnkokj (6-3
ls pkoy&eVj Qly iz.kkyh esa iks”kd rRoksa ds tSfod Vu@gSÛ) iathd`r dh xbZA ikSidkSuZ esa lokZf/kd mit
L=ksrksa ds ewY;kadu esa vf/kdre vukt mit (4-1 Vu@gSÛ) ukxkySaM LFkkuh; (94-3%) ls feyh vkSj mlds ckn
ik;h xbZA pkoy&Qzsapchu Qly dze’k% 4-2 rFkk 8-6 flfDde fizfefVo 2 o 3 ls (dze’k% 94 rFkk 83-3%) xjh
Vu@gSÛ iSnkokj fjdkMZ dh xbZA ukxkySaM dsUnz esa /kku esa dh mit lcls vf/kd flfDde fizfefVo 3 (8-9 Vu@gSÛ)
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ls feyhA csch dkSuZ esa vkj-lh-ch-lh-&6 (7-85 Vu@gSÛ) ls ls ts-vkj-,Q 3 ls lokZf/kd mit (0-32 Vu@gSÛ) fjdkMZ
vis{kkd‘r vf/kd mit izkIr gqbZA es?kk dEiksftV (7-9 dh xbZ rFkk elwj dh fdLeksa esa ,y 307] ,y 305] ,y
Vu@gSÛ), vkj-lh-,e- 1&1 (7-1 Vu@gSÛ) rFkk izrki 1 303 rFkk ,y 301 dks mUur fdLeksa ds :i esa ik;k x;k
(6-5 Vu@gSÛ) vPNh mit nsus okyh fefJr fdLesa gSaA
vkSj buls ‘kwU; tqrkbZ ds vraxZr 1-8&1-9 Vu@gSÛ iSnkokj
eDds ds 79 thuksVkbiksa dk ijh{k.k fd;k x;k rks buesa fjdkMZ dh xbZA ef.kiqj esa vjgj ijh{k.kksa ds varxZr
ls 49 thuksVkbiksa dks VflZde yhQ CykbV jksx dk izfrjks/ izfof”V&101 (3-2 Vu@gSÛ) esa vf/kdre cht mit fjdkMZ
kh ik;k x;kA flYd Lrj ij 5 ,e-ts@gSÛ dh nj ls dh xbZ rFkk mlds ckn izfof”V 102 (2-9 Vu@gSÛ),
LVk;juksfuek ds iz;ksx ls eDds ds dkSc&cksjj dhV dk izfof”V-123 (2.617 Vu@gSÛ) vkSj ;wih-,-,l- 120
fu;a=.k fd;k x;kA flfDde dh fLFkfr;kas ds vraxZr cqokbZ (2.612 Vu@gSÛ) ls ik;h xbZA taxyh ladjksa esa ;w-ih-,ds fy, lcls mi;qDr le; ekpZ dk igyk i[kokM+k jgk ,l--120 X dStSul LdSjscSvksbM~l ladj esa mPpRre
gS] ftlesa dhVksa ls uqdlku Hkh de gqvk vkSj Qly Hkh ladj.k {kerk ik;h xbZ vkSj mlds ckn vkbZ-lh-ih-,yvPNh gqbZA ekbfFkEuk lsisjSVk ds izfr ,siSUVsysl iztk- vkSj 98015 X lh- LdSjcS vS ksbM~l rFkk vkbZ-lh-ih-,y 88034
psyksul iztk- nks ykoZy ijthfo;ksa dh fjiksVZ feyh gSA X lh LdSjscSvksbM~l esa ns[kh xbZA mfe;e esa eVj ds Qyh
LFkkuh; :Ik ls miyC/k ouLifr;ksa esa vVsZfefl;k oYxfjl Nsnd dhV dh tSo&ikfjfLFkfrdh dk v/;;u fd;k x;kA
ds 5% lr ds iz;ksx ls ,e-lsisjSVk vkSj ih- flXuSVk dhVksa uk’kd thoksa dh la[;k Qjojh ds rhljs lIrkg esa lcls
dk izHkkoh fu;a=.k gqvk gSA eDds ds ohfoy dhV (flVªkfs Qyl vf/kd c<+ tkrh gSA bl dhV ds csgrj fu;a=.k ds fy,
theSl) ds fy, lcls dkjxj 1% vkSj 6% ih- ,u-,l-ds-bZ 5% dk iz;ksx mi;qDr gksrk gSA
VfuZQksfyvksl dk lkUnz.k fjdkMZ fd;k x;kA
eDds dh mRikndrk ij vEyh; e`nk lq/kkj ds vif’k”Vh; frygu
izHkko dks ns[kus ds fy, v/;;u fd;k x;k ftlesa d`f”k
vkbZ-oh-Vh- ijh{k.k ds varxZr lks;kchu ds thuksVkbi
vkSj dkxt ds dkj[kkus ds pwus dh fofHkUu njksa ls ,y-vkj ih5 14505 (1-35 Vu@gSÛ) Mh-,l-ch- 11 (1-34 Vu@gSÛ)
iz;ksx fd;k x;kA ,y-vkj ds 30&40% dh nj ls pwus ds rFkk ts-,l- 20&18 (1-37 Vu@gSÛ) lkekU; thuksVkbiksa
iz;ksx ls vPNh mit izkIr gqbZA o”kZ 2007 esa dkxt fey ls mRd‘“V ik;s x,A lks;kchu jrqok jksx ds izfr 35
dk dpjk (ih-,e-,l-) vkSj d`f”k laca/kh pwuk (,-,y-) ds fdLeksa dk p;u fd;k x;k fdUrq fdlh Hkh fdLe esa jrqok
mi;ksx dk vif’k”Vh; izHkko o”kZ 2008 esa ns[kk x;kA 10 dh izfrjksf/krk ugha feyhA e/kqeD[kh ikyu ds lkFk] lw;Zeq[kh
Vu ij ,e-,l@gSÛ $ ,-,y- (10% ,y-vkj) ds iz;ksx dh cht iSnkokj lkekU; fLFkfr dh rqyuk esa 2&3 xquk vf/
ls eDds dh mRikndrk esa dkQh o`f) gqbZ gSA fdlh L=ksr kd gqbZ gSA rksfj;k&ljlksa esa v#.kkpy dsUnz esa 5 oa’kdzeksa
ds u gksus ij Hkh pwus dh nj ls eDds ds nkuksa dh mit esa dk ijh{k.k fd;k x;k] ftuesa Vh-,l 38 ls 0-98 Vu@gSÛ
dkQh of) gqbZ gSA
iSnkokj fjdkMZ dh xbZA ukxkySaM dh fLFkfr esa ewaxQyh dh
,QbZ,lbZth&10 fdLe ls lokZf/kd iSnkokj (3-28 Vu@gSÛ)
nygu
fjdkMZ dh xbZA flfDde esa lks;kchudh ih-ds-&1042 fdLe
jkblchu ds izdk’k&vlaosnu’khy ,Q7 ,d ek= ikS/k esa ,Q-okbZ-,e- dk 10 Vu@gSÛ iz;ksx djus ij csgrj mit
lkexzh dk ewY;kadu fd;k x;kA mit@ikS/k ds fy, (2-63 Vu@gSÛ) feyhA lks;kchu okys Hkw[kaMksa esa Hkh ,QvM+rhl ,Q7 ca’kdzeksa dks lgh ik;k x;kA eVj thuksVkbiksa okbZ-,e- dk 10 Vu@gSÛ iz;ksx djus ls vf/kdre jk;k
esa 4 dks vPNh mit nsus okys thuksVkbiksa ds :i esa lkx vFkkZr 18-8 Vu@gSÛ izkIr gqvkA
dNkjh Hkwfe esa Qly l?kuhdj.k ds iz;kl fd, x,
igpkuk x;k tSls& ih-7&501 (2-36 Vu@gSÛ), ih-7&506
(1-88 Vu@gSÛ), ih-7&526 (1-94 Vu@gSÛ) rFkk ih-7&525 vkSj mlesa ewaxQyh vk/kkfjr var% Qly iz.kkyh dk iz;ksx
(1-81 Vu@gSÛ) pkoy ds QSyks esa] 7 rksfj;k dh fdLeksa esa fd;k x;kA ewaxQyh&elwj dh var% Qly esa 6-4 Vu@gSÛ
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dh vf/kdre mRikndrk ns[kh xbZ tks ewaxQyh dh led{k
mit fjdkMZ dh xbZ] fupyh Hkwfe {ks= esa D;kfj;ka cukdj
[ksrh djus ij ik;k x;k fd ‘kq”d mijkÅa lh<+huqek [ksrksa
dh vis{kk ogka ls 52% vf/kd iSnkokj fjdkMZ dh x;hA
vEyh; feV~Vh esa 5 Vu@gSÛ ds lkFk moZjd vkSj pwus
(40% ,y-vkj) dh laLrqr ek=k ds mi;ksx ls lks;kchu
vkSj ewaxQyh ds Qlyksa dh mRikndrk dks vf/kdre lhek
rd c<+k;k tk ldrk gSA

esa dEiksLV esa ukbVªkstu vkSj QkSLQksjl dh ek=k esa o‘f)
gqbZ gSA 5 Vu xkscj dh [kkn $ tSomoZjd ds iz;ksx ls 384 Vu@gSSÛ pkoy dk mRiknu gqvkA
ikS/kksa ls lEcfU/kr cgqr ls tSo&dkcZfud fodflr fd,
x;s ftuds iz;ksx ls pkoy ¼6-5&32-1%½ eDdk ¼8-4&254%½] ewaxQyh 17-9&33-7%, lks;kchu ¼22-6&24-1%½
mM+n ¼34-2&46%½ ljlksa ¼28-6% rFkk gYnh 45% ½ dh
iSnkokj esa o‘f) ik;h xbZA
ofeZdEiksLV vuqla/kku esa ns’kh dsapqvk] isfjvksfuDl
,sDldSosVl dks fons’kh ,slsfu;k QksbfVMk ls lkekU; ik;k
x;kA

,Q-,l-vkj-ihlHkh dsUnzksa esa 8 fofHkUu [ksrh iz.kkfy;ksa esa lw{e tylaHkj
lEcU/kh [ksrh iz.kkyh ¼,Q-,l½ vuqla/kku tkjh gS] tSls&Msjh
vk/kkfjr [ksrh iz.kkyh] fefJr okfudh] flfYo&ikLpksjy ty
[ksrh iz.kkyh] d‘f”k m|kfudh flfYo&ikLpksjy [ksrh iz.kkyh]
es?kky;] f=iqjk vkSj ef.kiqj ls ikuh dh xq.koÙkk ij[kus
flfYo&m|kfudh izkd‘frd ou ,oa bekjrh ydM+h vk/ dh n‘f”V ls uewus fy, x, vkSj muesa dhVuk’kh nokvksa ds
kkfjr [ks r h iz . kkyhA f=iq j k es a mijkÅW Hkw f e okys vof’k”V] ih ,p] jklk;fud o lw{ethoh; rRoksa dk fo’ys”k.k
pkoy&ÝSapchu&f’keyk fepZ dh [ksrh ds fy, mxkbZ xbZ fd;k x;kA 93 uewuksa dk fo’ys”k.k djus ij ik;k x;k fd
Qlyksa dk ykHk% ykxr dk vuqikr ¼ch-lh½ 2-75 ik;k buesa lcls vf/kd ek=k eksuksdzksVksQkWl dh Fkh vkSj mlds
x;kA Qyksa ds ikS/kjksi.k ds vUrxZr dsys esa 3-52 dk vf/ ckn bUMks lYQku dh ek=k vf/kd feyhA ih-,p- dh ek=k
kdre ykHk&ykxr dk vuqikr jgkA vU; ?kVdksa esa ls esa fofo/krk feyh tks 6-21 ls 7-51 rd jgh] ukbVªsaV dh
eNyh ikyu ls 4-51 dk vf/kdre ykHk&ykxr fjdkMZ ek=k 1-2 ls 8-5 fe-xzk@yhVj vkSj QkSLQsV 0-03&0-89 fefd;k x;k] fofHkUu Ik’kqvksa esa ns[kk x;k fd ‘kwdj dh xzk@ yhVj ik;h xbZA mef’kihZ vkSj fdE’kh ufn;ksa dk
izfrfnu Hkkj dh izkfIr 340 xk-@fnu jgkA eNyh ds ikuh mi;ksx ds fy, vlqjf{kr ik;k x;k D;ksafd blesa ,e
fQaxjfyaxks ds laxzg.k esa ik;k x;k ds 9000@gSÛ dh ih ,u cgqr vf/kd gS tks dze’k% 1100 vkSj 460 ds dze esa
l?kUkrk esa vf/kdre eNyh dh mRikndrk 1-0 Vu@gSÛ ds ns[kk x;kA
fglkc ls fjdkMZ dh xbZ tc bls eqxhZikyu ¼200 i{kh@cSp½
eVj ds [ksr esa ty mi;ksx {kerk ds ijh{k.kksa ds
;k cdjh ¼12@gSSÛ½ ds lkFk lesfdr fd;k x;kA flfDde vUrxZr ns[kk x;k fd iqvky ds iyoky okys Hkw[kaMksa esa
esas Qly iz.kkyh vuqla/kku esa ns[kk x;k fd eDdk ¼foosd 14&30% iSnkokj esa o`f) gqbZ gSA ;Fkk-LFkku ueh laj{k.k
ladqy eDdk&11½ rFkk mM+n dk mRiknu dze’k% 4-52 ds fy, es?kky; ds pkj ftyksa esa izfrHkkfxrk dk;Z vuqla/kku
Vu@gSSÛ rFkk 0-73 Vu@gSSÛ jgkA
dk;Zdze fd;k x;kA ukckMZ }kjk foÙk& iksf”kr ifj;kstuk
ds vUrxZr yhu ekSle esa thou lqj{kk flapkbZ dh O;oLFkk
tSfod [ksrh
djus gsrq izR;sd jkT; tSls es?kky;] ukxkySaM] ef.kiqj vkSj
[kjirokj tSl&s ,sVfZs efl;k oYxfjl] ;wiVs ksfj;e vkMsjVS e] f=iqjk esa 10&10 tydqaMksa dk izn’kZu fd;k x;k] bl izdkj
,sYul usiSysafll] fLdekoSfyph dh ifÙk;ka] xk; dk xkscj 40 tydqaMksa dks blds vUrxZr j[kk x;kA
rFkk 10%4%0-5 ds vuqikr ls feêh ds la;kstu ls xM~<k
[kksndj 90 fnuksa esa tSfod [kkn cuk;h xbZA e‘nk xq.koÙkk vU;
lEcU/kh dkMZ cukdj mUgsa forfjr fd;k x;kA flfDde esa
mijkÅW pkoy] fupyh Hkwfe okys pkoy] eDdk] vukUukl
dEiksLV dh [kkn cukus esa 13 iztkfr;ksa ds ikS/kksa dh ifÙk;ksa vkSj ewaxQyh dh [ksrh esa d`Urdksa }kjk dze’k% 9-86%, 15dk fo’ys”k.k djus ij ns[kk x;k fd gjh ifÙk;ksa dh rqyuk 50%, 8-69%, 5-20% vkSj 10-52% uqdlku igqapk;k
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x;k] bl izdkj ds uqdlku dk ewY;kadu ckal ds Qwyksa okys
fofHkUu {ks=ksa esa Hkh fd;k x;kA es?kky; ds xkjks vkSj
if’peh [kklh igkM+h {ks=ksa esa ckal ds Qy fxjus ds ckn
ckal ds Qyksa ds yxHkx gj {ks= esa uqdlku dqN {ks=ksa dks
NksM+dj lkekU; ik;k x;k vkSj dgha dgha /kku o eDds ds
uqdlku esa FkksM+h o‘f) ik;h xbZA
pkj u;s jksxtudksa dh tkudkjh feyh gS] tSl&s ekseksfMZdk
dksfpupkbusufll] ij iksMksLQsfj;k tSuFkkb pkbuht xzkmaM
ij vkfdZM ckWfVªfVl flusfj;k ,oa csxksfu;k dSdySVk fdÛ
gqdsjh ij ,jkbZflQh iztk-A
[kqEch
vkf[ky Hkkjrh; lefUor ifj;kstuk ds vUrxZr ladj
vks;LVj [kqEch dh iztkfr;ksa dk ijh{k.k fd;k x;k rFkk ih,l-lh- 05 esa 90% thoh; {kerk ch-bZ fjdkMZ dh xbZ
¼900xzke rkth [kqEch@fdÛxzk /kku ds Hkwls lsa½ izkIr dh
xbZA v#.kkpy izns’k dsUnz esa pkoy dh Hkwlh ds iz;ksx ls
IywjksVl ltksj& dktw [kqEch ls 98-8% ch bZ- feyhA dsys
ds isM+ ds rus dk fNydk $ /kku dk Hkwlk ¼1%1½ ds iz;ksx
esa [kqEch dh IywjksVl iztk- dk dodtky 14 fnuksa esa iw.kZ
:Ik ls QSy x;k tcfd dsys ds fNydksa ds iz;ksx ls 28
fnu yx x;sA /kku ds Hkwls esa [kqEch 17 fnu esa iw.kZ :Ik ls
fodflr gksdj mx vkrh gSA f=iqjk dh fLFkfr esa iqvky
[kqEch esa vkaf’kd :Ik ls lM+h gqbZ dEiksLV iz;ksx djus ls
19&22% ch bZ izkIr gqbZA
Qy
Ekq[;ky; esa ckxokuh lEcU/kh vuqla/kku esa 5 ewyo‘Urksa
dk ewY;kadu djus ij ns[kk x;k fd [kklh ukjaxh dks lhVS c kfudk ij dye yxkus ls lokZ f /kd Qy
¼80QÛ@iksÛ½mit izkIr gqbZ gSA dkys iksfyfFku dh iyoky
yxkus ls [kjirokj cgqr de ¼0-42fdÛxzkÛ@eh-2½ fn[kkbZ
nhA uhacw oxhZ; Qyksa ds iÙkh o ruk Nsnd dhVksa dh
tSfodh esa ik;k x;k fd vxLr ds vUr rd o;Ld chVy
dhV lfdz; jgrk gSA ;s dhV vf/kdka’k le; larkuksRifÙk
esa yxkrs gSaA 1930&2130 ?kaVksa ds nkSjku buds vaMs nsus dh
izfdz;k dk voyksdu fd;k x;kA v#.kkpy dsUnz esa [kklh
ukjaxh ds ikS/kksa esa lwvj ds xkscj dh [kkn ¼15 fdÛxkÛ@ikS/

kk½ Mkyus ls lokZf/kd mit ¼72fdÛxzkÛ@ikS/kk½ fjdkMZ dh
xbZA ,p Mh ih ijh{k.k esa ik;k x;k fd 3X3 ehÛ dh nwjh
ij ikS/k yxkus ls Qy dk lcls vf/kd otu ¼122 Û2Û xzk½
vkSj jl rRo ¼63-4 fe-yh½ gksrk gSA
Ekq[;ky; esa ve:n dh fdLeksa dk ijh{k.k fd;k x;k
rks vkjth&1 ls lokZf/kd mit ¼12-8 fd ÛxzkÛ@iks/kk½
izkIr gqbZA blds vykok le;&le; ij 30 ls-eh
dVkbZ&NaVkbZ rFkk ,e ,p dk 1000 vkSj 2000 ih ih ,e
dh nj ls iz;ksx djus ij Qyu 2 lIrkg nsjh ls gqvkA
v#.kkpy izns’k dsUnz esa ve:n ds ikS/kksa dks 4 X 4 ehVj
dh nwjh ij yxkus ls ve:n dh ,y& 49 fdLe ls lokZf/
kd mit ¼72-8 fdÛxzk@isM+½ feyhA LVªkcsjh dk csekSle
mRiknu dk ekudhdj.k fd;k x;kA iqye dh de [kêh
fdLe ‘dkyk ve`rljh’dh o`f) lruk jkstk] Mksfjl vkSj
tkikuh iqye dh rqyuk esa csgrj jghA LVªkcjh vkSj iS’ku
Qy ds fy, d`f”k rduhdksa dk ekudhdj.k fd;k x;kA
de [kês vkM+w ds Qyksa esa ‘’kcZrh’ fdLe ls lokZf/kd ¼933½
Qy@ikS?ksa fjdkMZ fd,A
flfDde dsUnz esa fdoh Qy dh fdLe ‘gsokMZ’ ls vf/
kdre mit ;kuh 1-23 Vu@gSÛ izkIr gqbZA ,Q okbZ ,e
vkSj vkbZ ch , 4000 ih ih ,e ls dfVaxksa dks mipkfjr
djus ls vf/kdre :fVax ¼90%½ fjdkMZ dh xbZA larjs esa
vkSlr Lrjh; iksfy,fEcz;ksfu 67-8% fjdkMZ dh xbZA
uqlsyj ikSnksa ds lkFk la;ksftr djus ij tkbxksfVd ikS/kksa
dk ckj&ckj mx vkuk udkjkRed jgk exj tkbxksfVd
tksM+kas ds gksus ls ldkjkRed lg&lEcU/k fn[kkbZ fn;kA
lUrjs ds isM+ksa ds lkFk vnjd] eDdk] ljlksa vkSj lks;kchu
dh mit dze’k% 17-3] 3-6] 0-74 vkSj 1-4 Vu@gSÛ jghA
uhps dh Qlyksa dh mit dze’k% 22] 4-6] 1-2 rFkk 185Vu@gSÛ ns[kh xbZA lUrjs ds ckxksa esa izeq[k uk’khdhVksa
tSls ruk Nsnd] Nky dqrjus okyk dSVjfiyj rFkk ‘kwV
cksjj ds fy, dhVuk’kd nokvksa dk mi;ksx dze’k% 125&25-0%, 15-0&30.% vkSj 5-0&15-0% ds fglkc ls
fd;k x;kA Qy eD[kh dk izdksi 23&38% jgkA
f=iqjk dsUnz esa vukUukl ds ikS/kksa ds dkf;d ifjiDork
dh fLFkfr esa vk tkus ij fHkUu&fHkUu le; esa fd, x;s ikS/
kjksi.k esa jklk;fud iz;ksx djus ij iwjs lky Qyksa dh
iSnkokj gsrq loksZÙke jgkA
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lfCt;ka
es?kky; VekVj ds 3]4 vkSj 5 ca’kdzeksa dks mUur ik;k
x;kA iksfygkml ds vUrxZr jkWdh vkSj es?kky; VekVj&1
csekSle dk loksZÙke mRiknu jgk] es?kk cSaxu&2 ls lokZf/kd
mit ¼45 Vu@gSÛ½ izkIr gqbZA dejs ds 33±2°lsÛ rkidze
ij 11 thuksVkbiksa dk laxzg.k lEcU/kh v/;;u ls irk
yxk fd ;s thuksVkbi 10 fnuksa rd vPNh voLFkk esa
lqjf{kr jg ldrs gSaA ca/kxksHkh dh xzhu pSysatj fdLe esa
01% lksfM;e ekSfyCMsj ds fNM+dko djus ls csgÙkj mit
(43 Vu@gS-) fjdkMZ dh xbZA czksdksyh dh iq”ik fdLe esa
1 Vu@gS- ofeZdEiksLV $10 Vu@gSÛ ,Q-ckbZ-,e- $ ,uih-ds- dk iz;ksx djus ij lokZf/kd mit (18-3 Vu@gS-)
fjdkMZ dh xbZA v#.kkpy izns’k dh fLFkfr ds varxZr
uksy&[kksy] ikyd] ykbZ iÙkk vkSj fHkaMh dh [ksrh ds fy,
dk;Zfof/k;kas dks fodflr fd;k x;kA dksyksdSfl;k dh
chlhlh&1 ls lokZf/kd dkSeZy mit (7-52 Vu@gS-) fjdkMZ
dh xbZA ‘kdjdanh dh LFkkuh; fdLe dksdjk>kj ls lokZf/
kd iSnkokj fjdkMZ (28-6 Vu@gS-) gqbZA ef.kiqj dsanz esa
VekVj ds mUur oa’kdzeksa esa vkj-lh-Vh-&9 fdLe lokZf/kd
mit’khy (44-24 Vu@gS-) jgh vkSj cSaxu oa’kdzeksa esa vkjlh-,e-ch-&10 ls lokZf/kd (30-30 Vu@gS-) mit feyhA
oa’kdze vkj-lh-,e-ch-&5] 6 rFkk 9 ij cSfDVfj;y Eykfu
jksx dk dksbZ izHkko ugha jgkA QzSapchu esa ,e-,Q-ch-vkj&10 , ls lokZf/kd ¼24-46V-gSÛ½ mit feyh 1 MkSfydl
chu dh izfof”V la[;k 1296 ls lokZf/kd mit ¼23-78
Vu@gSÛ½ izkIr dh xbZaA ‘kdjdUnh dh ,l-Vh-&12 fdLe
lcls vPNh ik;h xbZ vkSj mlds ckn xkSjh ¼23-99Vu@gSÛ½
jghA fetksje dsUnz esa VekVj dh ladj fdLeksa esa ls
vjfoUn] jhVk] ,u-vkbZ-tsM-&124 vfouk’k&2] ,u-ih&169]
ch-,l-,l-&3000] Vh-vks-&017] Vh-vks-&1458 rFkk iwlk fnO;k
fdLesa iwlk ladj fdLe ls csgÙkj jghA czksdksyh ds [ksr dks
LFkkuh; :Ik ls miyC/k ?kkl&ikr ls iyoky yxkus ij
bldh mit esa 15&30% rd o`f) ik;h xbZ vkSj 30&70%
rd ikuh dh cpr Hkh ns[kh xbZA flfDde dsUnz esa lfCt;ksa
ls lEcfU/kr ekeyksa esa ns[kk x;k fd fepZ ds 30 ls vf/kd
tuu nzO;ksa dk ladyu djds ewY;kadu fd;k x;kA p;u&6
ls vf/kdre ¼3 fd-xzk@iks/kk½ mit feyh] psjh isij dks
dejs ds rkieku ij vf/kdre 5 fnuksa rd lqjf{kr j[kk

tk ldrk gS tcfd fpYyh isij dks ek= rhu fnu rd gh
j[kk tk ldrk gSA 4° lsÛ rkieku ij vf/kdre laxzg.k
{kerk 20 fnu dh ik;h xbZA lqjf{kr fLFkfr;ksa esa VekVj
dh vuwi vkSj vkWy jkmaMj fdLeksa ls csgrj mit vFkkZr 48 fd-xzk@ikS/kk izkIr gqbZA VekVj ls vk; 110-5@eh-2 vkSj
ykxr ykHk dk vuqikr 1%3-2 jgk gSA
cU/kxksHkh ds frryh dhV ds fy, esfy;k ,stsMjkp dk
tyh; lr dkjxj ik;k x;kA QwyxksHkh esa 0-5% ckSjSDl
$ pwuk 3 Vu@gSÛ ds fglkc ls fNM+dko djus ls lokZf/kd
mit ¼25-5Vu@gSÛ½ yh xbZA ef.kiqj dsUnz esa czksdksyh dh
mit ij ofeZdEiksLV ds izHkko dk v/;;u fd;k x;kA
,stksfLizye vkSj ih ,l ch ds lkFk 8 Vu@gSÛ dh nj ls
ofeZdEiksLV dk iz;ksx djus ls lcls vPNk jgk vkSj 18-68
Vu@gSÛ mit feyh mlds ckn laLrqr ,u ih ds ¼18-27
Vu gSÛ½ ds iz;ksx }kjk jgkA flfDde esa vnjd ds ruk cs/
kd] ireksM+k vkSj xzklgkWij dhVksa ds fu;a=.k ds fy,
fuafclkbfMu vkSj uhety dk 3 fe-yh@yhVj izHkkoh iz;ksx
jgkA lQsn xzc dhV ds fy, esVkfjft;e vkSj ckSosfj;k
dkjxj ik;s x;sA fepZ ds ,sfQM vkSj lQsn eD[kh ds fy,
6 fe- yh@yh- ,sxzksLizs dkjxj jgkA dVoweZ ds fy, 3 th
MsfYQu 2 xzkÛ yh ds fglkc ls iz;ksx djus ij izHkkoh ik;k
x;kA cM+h bykb;ph dk iÙkh&Hk{kd dhV dSVjfiyj dks
izeq[k d‘Urd ik;k x;kA blds fu;a=.k ds fy, dhVuk’kd]
fuach lkbMhu] uhety dk 3 eh- yh-@yh vkSj MsyfQu
3xzkÛ 2 eh- yh@yh- ds fglkc ls iz;ksx djus ij fd;k tk
ldrk gSA
iq”ifoKku vuqla/kku esa XySfMvksyl dh 6 fdLeksa dk
ewY;kadu fd;k x;k blesa ls dSlk CySadk dks mRd‘“V ik;k
x;kA dkSeZy mRiknu ds fy, e`nk %jsr ofeZdEiksLV ¼1%1%1½
lcls vPNk ikSfVax ek/;e jgkA dkSeksZa dks igys csatkby
,sMfuu 100 ih ih ,e esa fHkxk, j[kus ij blesa dksia y@ikS/
k vf/kdre la[;k esa mHkjsA tjcsjk dh vkj lh th ,e
&117 fdLe ls vf/kdre ¼12-2½ Qwy@ikS/ks feysA gsMkbfg;e
ekSaV czsf’k;k vkSj QqVcky fyfy tSls oU; ‘kksHkkdkjh ikS/kksa
esa dV Qwyksa dh laHkkouk ns[kh xbZA
ukxkySaM dsUnz esa cf<+;k ikS/k lkexzh dk mRiknu fd;k
x;k ftlesa vleh uhacw dh dfVax ¼8000½] [kklh ukjaxh dh
ikS/k ¼7500½] gYnh ¼1-5Vu½ vkSj fdax fepZ ¼1500½ dh ikS/k
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‘kkfey gSaA fHkaMh dh vukfedk fdLe esa tSfod [kkn ds
iz;ksx ls lkekU; voLFkk dh rqyuk esa 13-6 Vu@gSÛ mit
fjdkMZ dh x;hA ‘kdjdUnh dh lh vkb ih&440038 fdLe
ls 98 Vu@gSÛ dh lokZf/kd mit dk fjdkMZ jgkA iq”IkfoKku
esa fyfy;e dh fdLe ySEcSfMZ;k esa 20% lwdzkst feJ.k ds
iz;ksx ls xqynLrs esa 78% vf/kd le; rd rktk cuk
jgkA
rqM+kbZ mijkUr fd, x, v/;;u esa bySXul ySfVQksfy;k
ds dkf;d&jklk;fud ifjorZuksa ls fofnr gqvk gS Qyu ds
80 fnu ckn rqM+kbZ dh mfpr voLFkk gksrh gSA dksyksdSfl;k
dh ifjiDork lEcU/kh v/;;u Hkh fd;k x;kA gYnh dh 12
fdLeksa ds D;wjdqfeu rRo ds fo’ys”k.k ls irk yxk fd ikS/
kjksi.k ds 5 eghus ckn bldh fo|ekurk vf/kdre jgh]
iS’ku Qy ls vkj-Vh-Vh-,l- vkSj pks&pks ls VwVh&QzzwVh
cukus gsrq iwjs u;kpkj fodflr fd, x,A v#.kkpy izns’k
dsUnz esa ogka ds LFkkuh; Qy rdrhj ¼xkjlhfu;k ysfVQksfy;k½
esa ifjiDork vkSj xq.ko/kZu lEcU/kh v/;;u fd, x,A ckal
¼MsaMªksdSysel gsfeYVkWuh½ ls cf<+;k mRikn rS;kj fd, x;s
ftUgsa cgqr vf/kd ilUn fd;k x;kA
d`f”k okfudh lEcU/kh vuqla/kku esa jruT;ksfr ds 13
fdLeksa dk ijh{k.k fd;k x;k ftlesa ls ih Mh ds oh&vdksyk
ls Qfy;ksa dh la[;k 60 xqPNs@ikS/kk izkIr gq,A vkbZ ,Q
,l esa dsys ds rus ds fNydksa ls lokZf/kd ck;ksekl dk
mRiknu fd;k x;kA vkS”k/kh; ikS/kksa dk ,d gcZy m|ku
fodflr fd;k x;kA fofHkUu Qly iz.kkfy;ksa vkSj Hkwfe
mi;ksx iz.kkyh ,oa iks”kd rRo izc/a ku ds vurxZr mRikdnrk
dks ns[kus ds fy, [ksr ij iqupZdz.k ds ek/;e ls iz;kl
fd, x;sA ,MsfQd mi;qDrrk] mRikndrk ¼3-0 Vu@gSÛ½
vkSj mi;ksfxrk dh n`f”V ls eDdk vk/kkfjr Qly iz.kkyh
dks loksZÙke ik;k x;kA ,e ih Vh ds vUrxZr [kkdh
dSEicsy cr[k] eqxhZikyu vkSj eNyh tsls tho ?kVdksa dks
‘kkfey fd;k x;kA ,e ih Vh ,l dk ewY;kadu fd;k
x;kA feêh vkSj iks”kd rRo izca/ku] gkfudkjd thoksa dh
psrkouh] bl {ks= dh frrfy;ka vkSj vkS”k?kh; ikS/kksa tSls
fofHkUu igyqvksa dks ’kkfey djrs gq, 6 lkS¶Vos;j fodflr
fd;s x;sA ef.kiqj dsUnz esa jru T;ksfr vkSj ,sftjSVe
dkSfutkWbM~l [kjirokj ij ladzfer gksus okys fo”kk.kq dh
igpku dh xbZ tks VekVj ds iÙkh eksM+d dhV ls mRiUu
gksus okyk fo”kk.kq ewy dk gS vkSj ,lhQksjthu fo”kk.kq

ltkrh;k vuqdze ij vk/kkfjr gksrk gSA ukxkySaM dsUnz esa
X;kjg jru T;ksfr dh fdLeksa dk ewY;kadu fd;k x;kA
eksyoe esa lokZf/kd o`f) ns[kh xbZA d`f”k okfudh iz;ksxksa
}kjk >we ¼165-0 gSÛ½ ds fu;eu fd, x,A flfDde dsaUnz
esa ,- ,Q- ,l vk/kkfjr cM+h bykbph esa ,sYul usiS ysafll
ds iz;ksx ls lkouh fdLe ls vf/kdre o`f) vkSj mit
fjdkMZ dh xbZA ,- ,Q ,l vk/kkfjr ve:n esa ns[kk x;k
fd blds lkFk eDds ¼3-5Vu@gSÛ½ dh vr% Qly djus ls
vf/kdre mit izkIr gqbZ vkSj ljlksa ¼0-67Vu@gSÛ½ jghA
f=iqjk dsUnz esa ipkSyh esa rsy rRo /kwi ds vf/kd gksus ds
dkj.k izHkkfor gqvkA fcuk /kwi okys {ks=ksa ds varxZr ‘kq”d
gHksZt esa rsy dh mit 27-56 ls 33-6 eh-yh@fd-xzk dh
J`a[kyk esa ik;k x;k tcfd [kqys esa ‘kq”d gcsZt ls 37-12 ls
41-43 eh-yh@fdÛxzk fjdkMZ dh xbZA
Ik’kq foKku esa fofHkUu ¶ywjslsUV LVsfuax fof/k;ksa ds
iz;ksx ls LieZ esczsUk fo’oluh;rk] ekbZVksdks dksufMª;y
esaczsu {kerk] dsiSflV’ku Lrj vkSj Mh- ,u- , fo’oluh;rk
dk ekudhdj.k vkSj ewY;kadu fd;k x;k ftlls rktk
vkSj lqjf{kr cksj ‘kqdzk.kq ns[kk x;kA ckSj oh;Z dk dzk;ks izo/
kZu lQyrkiwoZd fd;k x;kA mi;qDr izlkjd laLrqr djus
ds fy, fofHkUu izlkjdksa dk v/;;u fd;k x;k rks ik;k
x;k fd ckSj oh;Z ds dzk;ks izo/kZu ds fy, csYV~ okby Fkfoax
dk ?kksy&ySDVkst vaMs dh ihrd izlkjd lgh ik;k x;kA
fdlkuksa ds ;gka ‘kwdjksa esa d`f=e varj fo;Zdj.k dk izHkko
ns[kk x;kA blesa 80 izfr’kr fdlku yksx bl izkS|kSfxdh
ls cgqr gh larq”V Fks D;ksafd blls mUgsa foRrh; ykHk]
mRd`”V tuu nzO; dh le; ij miYc/krk gksrh gSA
LFkkuh; vkSj gSEi ‘kk;j ‘kwdjksa esa uj gkeksZu uj fooj.k]
VsLVhdqyj vkdkj vkSj muesa tYnh ;kSu {kerk gksus dh
laHkkouk dh tkap dh xbZA ;g ik;k x;k fd gSEi’kk;j
‘kwdjksa dh vis{kk LFkkuh; uj ‘kwdjksa esa VsLVhdqyj mÙkd
izfr fd- xzk ‘kjhj Hkkj izeq[k :Ik ls ¼P<0.05½ vf/kd
feyk rFkk LFkkuh; uj ‘kwdjksa esa nks vkSj pkj eghus dh vk;q
esa jDr VsLVksLVjksu Lrj dkQh vf/kd ik;k x;kA Vh rFkk
Mh ‘kwdjksa dh iztuu izfd;kvksa dk v/;;u fd;k x;k vkSj
mUgsa Bksl cukus ds fy, laLrqr fd;k x;kA
‘kwdjksa ds fy, QkbVSl ,satkbe ds lkFk pkoy dh
ikSfy’k rFkk ‘kdjdanh vk/kkfjr de ykxr okyk vkgkj
rS;kj fd;k x;k vkSj vkgkj nsus dh fof/k;ksa dk ijh{k.k
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fd;k x;kA iks”kd rRoksa ds mi;qDr mi;ksx gsrq 50 izfr’kr
cf<+;k pkoy ikSfy’k ij vk/kkfjr QkbVsl ,utkbe izfr
100 fd-xzk vkgkj dh ,d yk[k ;wfuV dkQh ik, x,
ftlls o`f) nj csgrj ikbZ xbZA fdlku ds [ksr esa ‘kwdj
jk’ku dk vkgkj f[kykus dh fof/k;ka vkSj iks”kd rRoksa ds
egRo dk ewY;kadu fd;k x;kA fetksje dsUnz esa cMs+ lQsn
;ksdZ ‘kk;j ds fy, vkgkj dh ykxr 75 izfr’kr lkafnzr
$25 izfr’kr vadklk ¼fLiysFa kl iztk½ vkSj 75% lkafnzr$25
dkoy cgjk ¼baiksfe;k cVkVk½ esa dkQh vf/kd de fd;k
x;kA
‘kwdjksa ds isV esa xSLVªªks ijthoh; ladze.k dk irk yxkus
ds fy, dqy 115 ‘kwdjksa ds Qhdy uewus ijh{k.k gsrqs fy,
x,A buesa ls 28-69 izfr’kr xSLVªks baVsfLVuy ijthoh;
ladze.k ds fy, ldkjkRed ik;s x;sA bu Qsdy uewuksa ls
bZesfj;k iztk- ¼23-47%½] LVªkWxkkby ¼1-73%½ rFkk
LVªkWxkbykSbM~l iztk- ¼1-73%½ dh igpku dh xbZA ih lh
vkj rduhd ds iz;ksx ls flfDde esa eSfLVfVl jksxtudksa
dk vkf.od fof’k”Vhdj.k fd;k x;k] xSLVks&baVsfLVuy
ijthfo;ksa dk v/;;u fd;k x;kA ifj.kkeksa ls irk yxk
fd cdfj;ksa esa ¼63-21%½ xksi’kqvksa ¼25-34%½ rFkk ;kd~
¼22-40%½ dh rqyuk esa gsfYeUFksl bUQsaLVs’ku vf/kd gksrk
gSA cksckbu ds iztUku lEcU/kh fodkjksa dk v/;;u djus
esa ik;k x;k fd ifjiDork vkus esa nsjh rFkk ,sukUVªl
iztuu lEcU/kh izeq[k fodkj gSA
vklke dh igkM+h cdfj;ksa esa fQuksVkbfid] mRiknu
vkSj izttu lEcU/kh fof’k”Vrkvksa dk ewY;kadu fd;k x;k
rFkk ik;k x;k fd cdjh ds cPpksa dk ¼uj vkSj eknk nksuks½
igys eghus esa vkSlr izfrfnu ‘kjhjHkkj 76-28 xzk-@fnu ds
fglkc ls c<+rk gSA cdfj;ksa dh vU; uLyksa dh vis{kk
vle dh igkM+h cdfj;ksa esa iztuu {kerk vf/kd ik;h x;h
vkSj buesa tqM+ok ;k rhu cPpksa dks nsus dh {kerk 37-6 rFkk
5-2 vf/kd ns[kh xbZA Msjh okyh xk;ksa dks Qyh pkjs ;k
LFkkuh; ?kklksa ds pkjs ds lkFk mUur ckjgeklh ?kklksa dk
vkgkj nsus ls gjh ?kkl esa 15% Lrj rd Qyh pkjs dh
vkiwfrZ gks tkrh gS vkSj blls iks”kd rRoksa dh ek=k Hkh c<+
tkrh gS ftlls nw/k esa olk dh ek=k izHkkfor gq, fcuk nqX/
k mRiknu ¼10-89%½ c<+ tkrk gSA Ik’kq pkjs esa {kfr dks
de djus ds fy, /kku ds Hkwls ds pksi cukdj iw.kZ vkgkj

rS;kj fd;k x;k ftlls lkfUnzr vkgkj fodflr fd, x;sA
f=iqjk dsUnz esa CySd caxky cdfj;ksa esa dzfed fMfLdzfeusV
fo’ys”k.k fd, x, ftlesa vf/kd yhVj vkdkj gsrq ‘kjhj
Hkkj vkSj ÅWpkbZ lEcU/kh y{k.k vPNs fn[kkbZ fn,A MkSt esa
IykTek izksxzLVªksu rFkk ,y ,p dh lkUnzrk esa o`f) gksus ds
y{k.k fn[kkbZ fn, ftlls xHkkZoLFkk esa cPpksa dh vf/kd
la[;k fjdkMZ dh xbZA
eqxhZ] cr[k] dcwrj vkSj lwvj ds ekal ds fy,
ekbZVksdkSfUMª;y lzkrs ksa ds uLy fo’ks”k lEcU/kh ekdZj fodflr
fd, x, tks ihlh vkj&vkj ,Q ih vkSj vuqdze.k okyh
tSlh fof/k;ksa dh rqyuk esa lk/kkj.k] fdQk;rh vkSj rhoz
ik;s x;sA ns’kh eqfxZ;ksa ds vaMksa dh xq.koÙkk ds fy, rqyukRed
v/;;u fd, x, ftlls mUur fpdu fdLesa fodflr dh
xbZ rFkk blls vaMs dk vf/kd Hkkj ¼igys vaMs dh vof/k
vkSj 40 lIrkg dh vof/k okys nksukas½ fy;k x;k rFkk
xzkefiz;k esa vaMs dk vk;ru o ,sYcqesu vk;ru vf/kd jgk
vkSj mlds ckn oujktk] fetks LFkkuh; vkSj fejh fpdu esa
ns[kk x;kA ns’kh eqfxZ;ksa ds fpdu dh vaMk fidfyax rduhd
fodflr dh x;hA es?kky; esa VdhZ ¼feyhfxzl xSyksikoks½
dh mRiknu {kerk dk ewY;kadu fd;k x;kA vVhZ uLy esa
ns[kk x;k fd buesa ;kSu ifjiDork 200-80 ± 1-59 fnuksa
dh vk;q esa vk tkrh gS rFkk ml le; 18 lIrkg dh vk;q
esa vkSlr ‘kjhj Hkkj 2428-33 xzke jgrk gS ;g Hkh irk yxk
fd igkM+h ifjos’k esa VdhZ eqxhZ ikyu ykHkdkjh gksrk gS]
;gka rd fd ikyu dh l?ku iz.kkyh ds vUrxZr Hkh ;g
mi;ksxh gksrk gSA
iwoksZÙkj ioZrh; {ks= dh eNyh dh yqIrizk; LFkkuh;
iztkfr;ksa tSls pUuk cdkZ] vksfyjk] ykSfxb dksMkVl]
vksLVsjksvksczSek] cSysaxsjh vkSj lhVsuksDl ukSfcfyl ds iztuu
fof/k dk ekudhj.k fd;k x;kA lesfdr [ksrh iz.kkyh ds
vUrxZr /kku&,oa eNyh ikyu laca/kh ijh{k.k fd, x,A
fupyh Hkwfe esa /kku ,oa eNyh ikyu ds fy, 60 fQaxjfyaxkas
dh l?kurk laxzg.k gsrq izfr 0-06 gSÛ ¼1000 fQaxjfyax@gSÛ½
mi;qDr ik;k x;kA f=iqjk dh LFkkuh; eNyh ds mRiknu
laca/kh v/;;u fd;s x, rFkk ftlesa fefJr eNyh ikyu
ij tksj fn;k x;k rFkk ogka ls ;g fjiksVZ feyh fd vU;
lHkh iztkfr;ksa dh rqyuk esa eksyk vkSj czkSat fQnj csx ds
la;kstu ls csgÙkj mRiknu ¼ukSVksIVjl ukSVksIVjl ½ rFkk
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fefJr eNyh ikyu okys rkykcksa ls jktLo Hkh dkQh
vPNk izkIr gqvkA
tSfod fdLekssa okyh lfCt;kssa ds ikjEikfjd mRiknu ds
vFkZ’kkL= dk v/;;u fd;k x;kA bl [ksrh dh ykxr dk
vkdyu 35]861@ gSÛ fd;k ;kA bl ij vkus okys Je dh
ykxr yxHkx vk/kh jgh vkSj mlds ckn [kkn ¼30%½ cht
¼16%½ rFkk tSfod dhVuk’kh ¼5%½ dh ykxr vkadh xbZA
bl ls ;g fu”d”kZ fudyk fd es?kky; esa tSfod lCth
mRiknu gks ldrk gSA f=iqjk esa pkoy mRiknu vkdM+ksa ds
lkFk ykSfxfLVd] xkSEiVZt vkSj ekSuks ekSfydqyj ekSMy esy
[kkrs gaSA iwokZuqeku dss iz;kstu ls ykSfxfLVd ekSMy LoksZÙke
ik;k x;kA flfDde esa rhuksa ekSMy Bhsd jgs exj ykSfxfLVd
lcls vPNk jgkA
,u- ,- vkbZ- ih,u- ,- vkbZ- ih ds vUrxZr Fkhok xkao ¼lSgkftyk½ esa
fdz;kU;u ds fy, fdlkuksa vkSj LFkyksa dk p;u fd;k x;kA
vkb-,Q-,l izkS|ksfxdh ds vUrxZr ,d ty laxzg.k gsrq
rkykc] ‘kwdj ikyu gsrq ,d NIij] eqxhZ ikyu vkJ; rFkk

,d xks’kkyk dk fuekZ.k fd;k x;kA fHkaMh dh vdkZ vukfedk
fdLe] VekVj dh iwlk jksfg.kh] vfouk’k]&2 p;u &2 iwlk
:ch] cU/kxksHkh dh xksYMu ,dM+] eVj dh vdsZy] phuh
ljlksa vkSj gYnh dh vkj-lh-Vh &1 fdLesa lQyrkiwoZd
mxkbZ xbZA 30 fdlkuksa dk p;u fd;k x;k vkSj mudh
>we Hkwfe dks lh<+huwek [ksrksa esa ifjofrZr fd;k x;kA fdlkuksa
dks mUur izkS|ksfxdh viukus ds fy, izsfjr fd;k x;kA bl
ekeys esa mRlkgtud ifj.kke jgsA ukxkySaM esa ‘kq”d ekSle
ds nkSjku ikuh miyC/k djkus ds fy, ekSu ftys esa tylaxgz .k
gsrq 2 Vafd;k ¼20-0ehVj X 12-00 ehVj vkSj 20-0 X 1580 ehVj ½ dk cukbZ xbZ ifj;kstuk LFky esa ty mRikndrk
c<+kus ds fy, eNyh ikyu ds lkFk tylaxzg.k <kpksa dks
lesfdr fd;k x;kA Hkwfe esa [ksrh ¼ikuh[ksr½ esa ekewyh
flapkbZ djus dh fof/k;ksa dks fodflr fd;k x;k vkSj
Qly dh l?kurk c<+kus ds fy, 2 flapkbZ okyh ukfy;ka
¼180 eh- yEch½ fufeZr dh xbaZA ikjEikfjd Ik’kqikyu
iz.kkyh ds vUrxZr yktZ CySd ds o`f) fu”iknu dk ewY;kadu
fd;k x;k ftlesa ekfld vkSlr Hkkj esa o`f) 3-16 ± 1-29
fd- xzk@’kwdj ik;h xbZA
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