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The NRCAF Annual Report 2010-11 embodies the achievements of in house and 
external funded projects, network and inter-institutional collaboration, technology 
demonstrations, capacity building and various other activities under taken by the 
Centre. The research is now focused on role of agroforestry in meeting 
environmental challenges including mitigation of climate change effects, value 
addition for creating livelihood opportunities and application of modern tools and 
technologies in agroforestry research.

A most significant outcome of the sixteen years tree improvement research on 
shisham resulted in identifying Shisham Bundel-2 and Shisham Bundel-6 with 
straightness and higher bole volume for Bundelkhand region. The on-going 
watershed programmes at Garhkundar-Dabar indicated Agroforestry development 
and enhance biomass production by three folds besides drought proofing. The 
surplus fodder available has not only ensured fodder security but also enhanced milk 
production of buffalo and cow by 33 and 40 per cent, respectively. As a replication of 
this, a new initiative focusing on the establishment of model watershed as a 'Site of 
Learning' for all stakeholders in Jhansi district, Uttar Pradesh to serve the medium 
rainfall (700 – 1100 mm) areas of the country in consortium approach has been taken 
up by the Centre for last two years. This year convergence of district development 
schemes under MNREGS for natural resource management activities were 
undertaken successfully in the watershed.

The strategic research through AICRP on Agroforestry was further strengthened by 
addition of I.F.G.T.B., Corimbatore- an ICFRE institute as a cooperating/ volunteer 
centre this year.

The Centre has also emerged as a leader for capacity building in the field of 
agroforestry and watershed development. Through 20 programmes, 888 farmers, 
field-functionaries and other stakeholders, including more than fifty per cent women, 
were trained during the year. The Centre continued providing the technical 
backstopping for Drought Mitigation and Integrated Development of Bundelkhand 
under Special Package to lined departments of the two states. The activities of the 
Centre got wide coverage in print and media.

I express my gratitude to Hon'ble Dr. S Ayyappan, Secretary, DARE and Director 
General, ICAR, New Delhi and Dr. A K Singh, DDG (NRM), ICAR, New Delhi for 
their guidance, encouragement and support. My appreciation is also due to Dr. J C 
Dagar, ADG (Agronomy/AF), ICAR, New Delhi for his cooperation and support. 
The help of the PME Cell in compiling and timely publication of the report is highly 
appreciated. I am thankful to Director, IGFRI, Jhansi for sharing the infrastructure 
from time to time.

Preface

 (S K Dhyani)
Director



Executive Summary

·Biomass index was progressively decreased 
with increasing intensity of shade in barley and 
chick pea. Increasing trend in total chlorophyll 
and chlorophyll-a with increase in shade was 
observed. Anthocyanin have shown decreasing 
trend with increase in shade in both the crops. 
Similar observations were also made with 
blackgram and til during kharif season of 2010. 
Assimilation rate (A) versus intercellular CO  2

concentration (Ci) relationship at 45 DAS (days 
after sowing) were studied on blackgram and til. 
Open grown crops showed higher CO2 

assimilation than the shade grown plants. 
Critical analysis of the A versus Ci curve 
showed that varying intensity of shade has 
detrimental effects on the CO assimilatory 2 

potential of the crops. 

·Four clone of Eucalyptus (C-3, C-6, C-7 and C-
10) were planted during 2003 in Agrisilviculture, 
Block Plantation and Boundary Plantation. At 
the age of 72 months, the average height and dbh 
were 21.0m and 19.7cm (Agrisilvicuture 
system), 21.4m and 19.3cm (Boundary 
plantation) and 21.3m and 18.9cm (Block 
plantation).The growth performance of tree was 
better in agrisilviculture than compact block. 
Harvesting of Eucalyptus clones at the age of 7 
years fetched Rs. 3.77 lakhs.

·Transect analysis of Eucalyptus based 
agroforestry in  district of Andhra 
Pradesh was done. The MAI was recorded 3.2 

2 -1
m, 1.87 cm and 22.5 m  ha , respectively for 
height, dbh and volume at 5 years. Farmers get 
Eucalyptus clonal seedlings (C-3, C-7, C-316, 
C-411, C-413 etc.) from private nurseries and 
paper and pulp industries (ITC Pvt., Ltd.) and 
planting at spacing of 3x1.5m. It was reported 
that C-10 and C-12 are susceptible to 
Eucalyptus gall. Cotton, chillies, blackgram, 
rice and groundnut are grown as intercrops 
during the first year of plantation, but the yield 
reduction observed is up to 70%.  Of-late, the 
farmers of this region, are slowly shifting to 
either subabul cultivation or agriculture   
(mainly sugarcane and other cash crops) 
because of lucrative market price.  

Khammam

·The lignin content was estimated in mature 
green and senescent leaves of E. tereticornis, A. 
procera and J. curcas. Across the tree spp. and 
growing situations, green leaves had lower 
lignin content in comparison to senescent 
leaves. The mean lignin content in green and 
senescent leaves of E. tereticornis, A. procera, 
and J. curcas under agroforestry was 21.7 and 
23.6;  12.3 and 19.6  and 11.1 and 14.9 per cent, 
respectively.  

·Ethephon application induced quick leaf fall of 
the plants. Number of flowers in the 
inflorescence and fruits were apparently 
increasing after subsequent spraying of 
differentially responding growth chemicals.

·In peak summer (May), difference in leaf water 
potential (Ø ) of stem cutting and seedling was L

less than in the month of February. This may be 
due to increase in temperature in May which led 
higher evapotranspiration from the leaves than 
the winter season. There was notable difference 
in fresh weight, fresh turgid weight and dry 
weight of leaves of stem cutting and seedling. 
Water loss rate was relatively more in stem 
cutting than seedling trees. CCM index was 
almost similar in both the stem cutting and 
seedling trees.

·Effect of inoculations of arbuscular mycorrhizae 
fungi (AMF) was studied in three kharif 
(blackgram, greengram and sesamum), two rabi 
(bengal gram and pea) and two fodder crops 
(berseem and stylo) in red & black soils under 
net house conditions. Best response to 
inoculations was recorded for blackgram (red 
soil), greengram (both red & black soil), bengal 
gram (red soil), berseem (red soil) and stylo (red 
soil). Pea in red & black soil and stylo in black 
soil exhibited moderate response. Percentage of 
AM species which significantly increased dry 
weight were more in red soil than in black soil.  
Mycorrhizal dependency values of kharif crops 
were more than rabi crops. It seems that certain 
AM fungi like Glomus intraradix gave better 
results in red soil, while some other e.g. Glomus 
1 in black soil.
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·Build up of 20 AMF was studied in pea, bengal 
gram, wheat and berseem in sand under net 
house conditions. A good amount of 
extrametrical mycelium was recorded in all 
studied fungi. Colonization index values were 
more in gram as compared to pea, berseem and 
wheat. All studied AMF sporulated in 
rhizosphere of one or other host species. The 
spore counts were maximum in rhizosphere in 
pea and gram. Maximum sporocarp formation 
was recorded in pea. 

·Linear functional scores were developed for soil 
depth, SOC, pH, EC, available N, P, K; 
biological activity, microbiological biomass, 
field capacity, BD and CEC. Based on 
functional scores an integrated value for soil 
quality index (zero to one scale) for Albizia 
procera based AF system was worked out. 
Maximum value of SQI was observed for Zero 
pruning (0.57) closely followed by 50% pruning 
(0.55) and 70% (0.54) pruning, while the 
minimum in pure crop (0.36). Plotting of 
functional scores in a radar diagram revealed 
that biological activity was most limiting 
indicator for soil health.

·Aonla plants subjected to year round watering in 
plant basin in black soil showed marginal 
improvement in growth and fruit yield over 
rainfed or  summer irr igated plants .  
Intercropping in open spaces did not show any 
adverse effect on tree growth and yield. On the 
contrary, crop yield reduced drastically in 
association with trees as compared to sole crop 
due to competition for light, nutrient and 
moisture.

·Bael variety CISH B-2 was planted in August, 
2010 for density optimization studies. Plants 
recorded 83% survival in December, 2010. In 
another study, ber variety Gola has been planted 
at 6x6 m spacing in INM trial during kharif 
2010. Survival of plants was 100 per cent. 

·Studies on initiation of pruning and its intensity on 
productivity of Albizia procera based silvipastoral 

th
system revealed that after 4  year pruning treatment 
(2010), irrespective of year of pruning initiation, 
75% pruning recorded higher total dry biomass 

-1yield (8.56 t ha ) from the system in comparison to 
-1 -150% (7.24 t ha ) and 25% (5.98 t ha ) pruning. 

However, the tree growth parameters did not show 
any definite trend. 

·Evaluation of Ailanthus excelsa and Grewia 
optiva in rakar soil showed that the mean height, 
CD and dbh of Ailanthus was 4.15m, 14.5cm 
and 9.5cm, respectively, while in G. optiva was 
3.6 m, 6.9 cm and 3.8 cm. Mean dry biomass 
produced from understorey S. sebrana during 

-12010 was 4.12 and 2.81 t ha , respectively in 
Ailanthus excelsa and Grewia optiva.

·Genetic improvement work has been carried out 
in neem (Azadirachta indica A. Juss). After 
elimination of highly similar genotypes at 
present, this Centre has 220 accessions in field 
gene bank collected from eight states (Uttar 
Pradesh, Madhaya Pradesh, Rajasthan, 
Maharastra, West Bengal, Gujarat, Andhra 
Pradesh, and Tamil Nadu). In provenance trial 
established in 2000, provenances of Bhusawal, 
Nasik, Darwad and Seoni are considered to be 
out standing in respect of bole volume and other 
growth parameters. Among these, Bhusawal 
provenance is high seed producer.  One tree has 
been identified which has more than 50% oil 
content on kernel basis. Few trees were 
identified which were better than check 
continuously for last five years. In multilocation 
trial (Gujarat, Maharastra and Andhra Pradesh), 
progeny 115 had 27.50 % superiority over 
control for azadirachtin and progeny 118 had 9 
% superiority over control for oil content. Based 
on population mean, climatic conditions of 
Hyderabad and Rahuri favour to produce more 
azadirachtin in neem fruits.

·Survival and growth performance of plus tree 
(22 and 11 progenies) and provenance (20 
progenies) progeny trials of Acacia nilotica ssp. 
indica was evaluated. Significant differences 
were found between 22 plus tree progenies for 
tree height, basal diameter, bole diameter and 
canopy diameter. Average clean bole, basal 
diameter, bole diameter and canopy diameter of 
the population was 166.04 cm, 132.27 cm, 
105.78 cm and 384.48 cm, respectively. 
Significant and positive correlations were found 
between all the traits except between clean bole. 
The clean bole had significantly negative 
correlation with number of primary branches. 
Progeny of plus tree number PT-2, PT-1, PT-12, 
PT-14 and PT-16 were found promising. 

·In case of provenance progeny trial significant 
differences were observed for tree height, basal 

vi

and bole diameter and canopy diameter. 
Average clean bole, basal diameter, bole 
diameter and canopy diameter of the population 
was 135.52 cm, 117.67 cm, 98.01 cm and 
466.17 cm, respectively. Positive and 
significant correlations were observed between 
tree height, clean bole, basal diameter and 
canopy diameter. Based on overall performance 
Shajapur, Mandla, Wardha, Coimbatore and 
Khandwa provenances are found promising. 
Flowering and fruiting was recorded in almost 
all the trees of both the progeny evaluation 
trials. 

·All 27 accessions of J. curcas collected from 
various parts of different states differed 
significantly from each other for the traits i.e. 
plant height, collar girth, no. of secondary 
branches, branch length, canopy diameter, fruit 
length, fruit width and seed weight. NRCJ-3 
recorded maximum seed and fruit yield. 

·In another trial, a total of 45 crosses and their ten 
parents were evaluated for their growth, fruits 
and seed yield traits and significant differences 
were observed. Seed and fruit yield had positive 
and significantly high correlations with all the 
traits except fruit and seed size. Based on the 
average seed yield cross no. NRCJ-15, NRCJ-
44, NRCJ-18, NRCJ-14, NRCJ-45 and NRCJ-
25 have been identified as potential genotypes 
and found superior than parents. The evaluation 
of promising Jatropha crosses (planted at 4x4 m 
spacing) in wheat (variety Lok-1) based 
agroforestry was continued in fourth year 
following the recommended package of 
practices. The effect of Jatropha crosses on 
growth and yield attributing traits of wheat was 
studied. In general, the performance of wheat in 
terms of growth, yield attributes and yield was 
higher in case of cross-6 followed by cross-15, 
16, 40 and 4. The yield obtained in sole crop of 

-1wheat was 2880 kg ha .

·Out of 15 families of A. nilotica, family 11 
performed consistently well at the age of five 
years.  Plants of this family recorded an average 
height and diameter at breast height of 5.36 m 
and 6.09 cm, respectively. Age-age correlations 
for tree traits viz. height, collar diameter and dbh 
were found significantly high between ages 4 
and 5 years. Non-linear equation of the type W = 

2a +b D +b D  fitted for stem, branch and total 1 2

wood biomass were found good fit. The fitted 
equations may be used for estimating biomass 
of standing tree of A. nilotica. 

·Micropropagation of Bambusa balcooa, B. 
vulgaris and Pongamia pinnata, have been 
achieved on MS medium supplemented with 
different concentrations of growth regulators. 
Nodal segments of 2-3 cm size containing 
axillary buds from field grown bamboos and 
Karanj were used as explant. Auxillary buds 
collected during new flush on bamboo i.e. July 
to August were best to culture.  Maximum bud 
break response upto 96% in B. balcooa and 
100% in B. vulgaris was recorded on MS 
medium supplemented with cytokinin.  Regular 
(four week's interval) sub-culturing of shoot 
propagules increased the multiplication rate.   
Best rooting (80-85%) was obtained within 30-
35 d of subculture on MS + 4.0 mg/l NAA and on 
MS + 5 mg/l IBA. Generally 4-8 roots emerged 
from the basal end of the propagule. Healthy 
root and shoot system developed in four weeks 
old culture on rooting medium. Hardening 
procedures were also developed. Survival of 
plantlets after hardening was 65 per cent.

·In Garhkundar-Dabar watershed works on the 
aspects of socio-economic and livelihood 
analysis, water resource development, top 
working of ber and development of agrihorticulture, 
crop and agroforestry demonstration were 
continued. A total of 1321 seedlings of lemon, 
guava, aonla, babul, teak, bael and bamboo were 
planted by the farmers of six villages. Four 
months later, an average of 83.3% survival was 
recorded with highest in babul (100.0%) and 
lowest in jack (73.9%). Among the villages, 
maximum survival was observed in Rautiana 
(98.8%) and minimum in Dabur (72.3%).

·The peak discharge from treated and untreated 
th

watershed was recorded on 20  July 2010 and it 
3 -1 -1

was 0.0221 and 0.04296 m s ha , respectively. 
The peak discharge from treated watershed was 
94 per cent less than the untreated watershed. 
The peak in treated watershed was 51 minutes 
delayed as compared to untreated. 

·Guava, citrus and aonla based agroforestry 
systems were continued during kharif and rabi 
this year. In rabi wheat variety HD-2932 was 
sown with recommended doses of fertilizers. 
Three sole demonstrations of same variety of 

vii



·Build up of 20 AMF was studied in pea, bengal 
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wheat were also conducted on the fields of 
same farmers to facilitate comparison with 
agroforestry systems. The performance of 
wheat with improved package of practice was 
also compared with the traditionally grown 
wheat in the watershed. The growth, yield 
attributes and yields were higher both in 
agroforestry systems and sole  crop 
demonstrations as compared to traditional 
wheat. The wheat yield under guava and citrus 
based demonstrations was almost comparable 
to  tha t  ob ta ined  under  so le  whea t  
demonstrations as these fruit trees were 
planted during July, 2007 and there was no 
yield reduction of intercrop due to shade and 
competition effects. The mean wheat yield 
under sole crop and agroforestry demonstration 

-1
was 3203 and 3015 kg ha  which were higher  
by 22 and 15 % over traditional wheat (2620 kg 

-1
ha ), respectively.

·During kharif, 2010, groundnut (var. Kaushal) 
was raised in two sole crop demonstrations and 
also in guava, citrus and aonla based 
agroforestry systems and compared with 
traditionally grown groundnut. The mean pod 
yield of groundnut in sole demonstrations (15.8 

-1
q ha ) was 40% higher over local groundnut 
grown with very less fertilizer. The groundnut 
crop grown in guava, citrus and aonla based 
agroforestry system (three year old) produced 

-1
mean pod yield of 1.44 t ha  which was 
comparable to yield obtained under sole 

-1
groundnut demonstrations (1. 58 t ha ).

·The home page of agroforestry databases 
(http://mirror.iasri.res.in/net) has been updated 
with the addition of bibliographic information 
system on Madhuca. The database at present 
encompasses a total of 366 Indian Madhuca 
research records in all, with maximum records 
published in 2004 (25 records) and 2005 (24 
records) followed by 2007 (23) and 2000 (22). 

·Studies on the adoption of ber budding by the 
farmers and assessment of socio-economic 

impact of ber budding programme reveled that 
only 26% farmers have spread technology 
horizontally (farmer to farmer). 32% respondents 
are illiterate while rest are primary (12.90), 
middle (12.90), Highschool (14.52) and 
Intermediate (27.42%) school educated,  
respectively. The ITK observed as ber product 
Birchun (Ber powder) consumed during summer 
(April-June) protects from hot waves called Loo.

·The total carbon stock in above and 
belowground biomass, soil carbon, non-woody 
litter under agroforestry was predicted at 
regional level. In Jhansi district, total carbon 
stock in above, below ground biomass, soil 
carbon, non-woody litter was 6.20, 4.95, 9.44 

-1and 0.65 t ha , respectively during 2009 and the 
carbon stocks in these pools would be 12.03, 

-1
7.5, 16.21 and 2.34 t ha , respectively after 21-
years. The carbon sequestration potential of 
agroforestry practices in Jhansi districts was 

-1
20.6 t C ha  in 2009 and it would increase up to 

-1
35.74 t C ha  after 21-years provided the system 
continues unabated.  Average carbon 

-1sequestration in 2010 was 22.42 to 23.84 t C ha  
-1and likely to increase up to 35.65 to 40.03 t C ha  

at end of rotation period.  

·In Saharanpur district, area under agroforestry 
was estimated to be 77260.10 ha (21.4%) in year 
2007 according to maximum distance to mean 
classifier. More than 90 per cent area under 
agroforestry was found in arable irrigated land. 
Out of total area under agroforestry, poplar and 
eucalyptus based systems accounted for 63.7 
and 36.3 per cent, respectively. There was decline 
in agroforestry area from year 1998 to year 2007, 
which is about 7658.70 ha (9.0%). This decline in 
area is attributed to decrease in poplar wood 
prices in the market since 2001 till 2005.

·Bamboo based Agroforestry systems have been 
developed in six agroclimatic zones. Boundry 
plantation and field plantations have been 
evaluated. Bambusa vulgaris showed promise in 
Bundelkhand region. 
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2. Research Achievements

AF 02.12: Effect of Irrigation on Performance of 
Aonla under Agroforestry System

(R K Tewari, R S Yadav, Badre Alam, Ramesh 
Singh and D R Palsaniya)

During the year under report, observations on plant 
growth and fruit yield were recorded. In kharif, 
2010, fodder cowpea var. B.L.-1 was grown in 
interspaces as per treatment. In rabi 2010-11, wheat 
variety WH-147 has been sown. The observations 
on plant growth indicated that plant height ranged 
between 3.01 to 3.56 m, collar diameter between 
9.28 to 10.29 cm while canopy diameter ranged 
between 3.24 to 4.17 m across the treatments. The 
differences in growth parameters under different 
treatments were negligible. Similar was the case in

-1fruit yield which ranged from 3.09 to 4.28 kg plant . 
Fruit yield of aonla was in general, low in 2010 due 
to non favourable conditions during flowering and 
fruit set. Plant growth and fruit yield of aonla 
showed no adverse effect of intercropping. 
However, year round irrigation in plant basin 
favoured growth and fruit yield marginally (Table 
10). Yield of intercrop in kharif 2010 showed fresh 

-1
biomass yield of about 33 t ha  in both the 
treatments which was lower than sole crop (52.5 t 

-1
ha ). Reduction in crop biomass yield in association 
with aonla trees may be due to shade caused by tree 
and competition for nutrient and moisture. Growth 
parameters of crop showed due reduction in plant 
population, number of branches and average length.

Table 10: Mean Growth and yield of aonla under different treatments

Treatments Plant height (m) C.D. (cm) Canopy (m) Fruit yield
-1

 (kg tree )

(T ) Aonla rainfed 3.56 9.95 4.17 3.571

(T ) Aonla summer irrigation 3.56 10.29 3.94 3.932

(T ) Aonla irrigation year round 3.30 9.63 3.90 4.283

(T ) Aonla rainfed + Crop 3.41 9.54 3.55 3.094

(T ) Aonla summer irrigation + Crop 3.01 9.28 3.24 3.685

(T ) Crop Sole - - - -6

Leaf litter production was measured and analyzed for 
N, P, and K content (Table 11).  It is obvious from the 
data that leaf litter production per tree ranged from 
3.37 to 5.58 kg depending upon tree canopy. As such, 

on an average 52.7 g N, 4.48 g P and 30.1 g K per tree 
was added in soil across the treatments under aonla 
based Agroforestry system. This is sizable amount of 
nutrient that is being replenished by tree.

Table 11: N, P and K content in leaf litter of aonla
-1 -1 -1 -1

Treatment Leaf litter (kg tree ) N (g tree ) P (g tree ) K (g tree )

T1 5.58 64.3 5.47 36.7

T2 4.98 57.4 4.88 32.8

T3 4.88 56.2 4.79 32.1

T4 4.05 46.6 3.97 26.6

T5 3.37 38.8 3.30 22.2

Mean 4.57 52.7 4.48 30.1
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AF02.13: Tree Density Optimization in Bael 
Based Agri-horti System under 
Rainfed Semiarid Situation

 (Sunil Kumar, R K Tewari and Rajendra Prasad)

The experiment was laid out in July, 2010 with the 
objective of optimizing tree density of bael under 
agroforestry system. The experiment comprised of 

7 treatments (T  = bael spaced 6x8 m + black gram - 1

Toria, T  = 8x8 m + blackgram-Toria, T  = 8x10 m + 2 3

blackgram - Toria, T  bael sole spaced 6x8 m, T  = 4 5

bael 8x8 m, T = bael 8x10 m and T  = Crop sole) 6 7

replicated three times in randomized black design. 
Common in-situ moisture conservation practice i.e. 
deep planting was adopted for trees. One year old 
grafted bael plants var. CISH B-2 were planted in 
August and block gram variety PU-35 was grown in 
kharif. Due to late maturity of blackgram, rabi crop 
could not be sown. Observations on establishments 
of plants revealed that deep planting in black soil 
proved harmful for bael due to water stagnation. 
However, average survival of plants in December 
2010 was recorded between 74-94% across the 
treatment. Initial plant growth ranged between 42 to 
49 cm while collar diameter 0.80 to 0.96 cm. Soil 
samples for varying depth were drawn from each 
treatment and subjected to soil analysis. Wide range 
of heterogeneity recorded with respect to organic 
carbon and soil type in experimental field.

Initial characterization of soil in bael based agri- 
horti system revealed that soil organic carbon (%) 
varied significantly among treatments and different 
layers (0-15, 15-30, 30-60, 60-90 and 90-120cm) of 
soil profile. On an average, maximum SOC 
(0.412%) was observed in surface layer (0-15cm) 
and thereafter, it decreased with soil depth with 

minimum of 0.282% in 90-120cm layer (Fig. 23). 
Among the treatments, on an average, maximum 
SOC was observed in T  (0.392%) while the 3

minimum in T  (0.299%).  Like SOC, soil pH also 2

varied significantly among treatments and soil 
layers (0-15, 15-30, 30-60, 60-90 and 90-120cm). In 
general, soil pH increased with increase in soil 
depth. Among treatments, T  had maximum (6.63) 2

soil pH while, the minimum was in T  (6.22). There 6

was no significant variation in soil EC in respect of 
treatments and soil layers (0-15, 15-30, 30-60, 60-
90 and 90-120cm). However, significant variation 

-3  
in soil bulk density (g cm )in different layers of soil 
profile (0-15, 15-30, 30-60, 60-90 and 90-120cm) 
was noticed and it increased with increase in soil 
depth. However, all the treatments were at par in 
respect of soil bulk density. 

An experiment has been laid out during August 
2010 with nine treatments viz. T - Ber (100% RDF) 1

+ Sesame- Lentil, T - Ber (100% RDF) + VAM +  2

Trichoderma + Sesame- Lentil, T - Ber (75% RDF) 3

+ Sesame- Lentil, T - Ber (75% RDF) + VAM + 4

Trichoderma + Sesame- Lentil, T - Ber (50% RDF) 5

+ Sesame- Lentil, T - Ber (50% RDF) + VAM + 6

Trichoderma + Sesame- Lentil, T - Ber (100% 7

RDF) + VAM + Trichoderma, T - Ber sole (100% 8

RDF) and T -Sesame- Lentil under Randomized 9

Block Design with three replications. The sesame 
and lentil will be grown in kharif and rabi season, 
respectively by adapting standard agronomical 
practices but to lentil no nutrients will be given 
rather it will grow on residual fertility leftover by 
the kharif crop. The main objective of the 
experiment is to find out suitable nutrient 
management schedule for enhanced system 
productivity, profitability and sustainability under 
semi-arid conditions and also to see “whether by 
incorporating the bio- inoculants one can save 
fertilizer without compromising the production and 
quality of produce”.

The plants were planted at 6 x 8m distance and each 
treatment is having nine plants. During said period 

AF 02.14: Influence of Integrated Nutrient 
Management in Ber Based Agri-
horti System under Rainfed Semi-
arid Situation

(Sudhir Kumar,  Sunil Kumar, Anil Kumar and 
Rajendra Prasad)

Fig. 23: Distribution of soil organic carbon content (%) in 
soil profile in bael based agri-horti system 
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100 per cent plant survival in the field has been 
observed. The initial observations on growth 
parameters such as height and collar diameter have 
been recorded and soil samples at different depth 
from each treatment have also been collected to see 
the initial status of nutrient in the soil.

Data reveals that there was no significant difference 
between treatments for SOC, pH, EC and BD.  
Based on absolute value, the SOC varied from 0.433 
to 0.784% with mean of 0.515%, pH, from 6.26 to 
6.78 with mean of 6.59, EC from 133.3 to 311.5 µ S 

-1 -1m  with mean of 228.8 µ S m  and bulk density from 
-31.372 to1.468 g cm  with average value of 1.420 g 

-1 cm in various treatments. Profile characterization 
revealed that in general, SOC decreased with 
increase in soil depth. There was a slight increase in 
pH with increase in soil depth. Bulk density 
remained the same in all layers (0-30, 30-60, 60-90 
and 90-120 cm) and EC was highest in 30-60 cm 
layer and thereafter, it decreased with soil depth.

AF 3.9 (A) Initiation of Pruning and Its 
Intensity on Productivity of Albizia 
procera

(Munna Ram, D R Palsaniya and                         
P Rathakrishnan)

During the year, pruning in Albizia procera was 
st nd rdimposed as per the treatments in the 1 , 2  and 3  

year (already) pruned plots as well as the fourth year 
pruning initiation plots during December. The plot 
wise data on survival, growth and pruned biomass 
are presented in table 12 and 13. The tree growth in 
terms of collar diameter, tree height, diameter at 
breast height and canopy diameter did not show any 
definite trend due to pruning treatment. However, 
increasing intensity of pruning from 25 to 75% 
recorded higher leaf, fuel wood and total dry 
biomass. Further, the pruned biomass increased in 
successive years. Irrespective of the level of 

thpruning, 4  year pruning imposed treatments gave 
st nd rd

higher leaves and wood biomass than 1 , 2  and 3  
year (already) pruned plots. 

th
Table 12:  Tree growth and productivity after imposing 4  year pruning treatments 

-1
Treatments Survival Height CD dbh Canopy Pruned biomass  (t ha )  

(%) (m) (cm) (cm) diameter (m) Leaf Wood

Y P 80.55 5.44 12.31 7.27 3.56 0.30 0.621 25

Y P 75.00 4.82 11.50 7.96 3.78 0.53 1.031 50

Y P 83.33 4.93 12.35 8.08 3.58 1.08 1.501 75

Y P 75.00 6.02 11.24 7.50 3.81 0.79 0.832 25

Y P 69.47 5.02 12.54 9.36 3.82 0.67 1.032 50

Y P 74.99 4.75 12.57 9.98 3.61 0.73 1.232 75

Y P 55.56 4.58 11.21 7.25 2.95 0.63 1.083 25

Y P 61.11 4.89 12.29 8.58 3.16 0.98 1.373 50

Y P 58.34 4.21 12.60 8.26 4.02 0.99 1.773 75

Y P 80.56 5.36 10.02 7.27 3.51 2.02 3.994 25

Y P 80.56 5.37 12.72 8.76 3.62 2.82 4.564 50

Y P 83.33 4.51 13.23 9.59 4.17 3.16 5.074 75

P+ T unpruned 83.33 4.62 12.87 9.85 3.88 - -

Sole Tree 69.60 5.29 12.79 9.51 4.07 - -

Mean 70.43 4.88 12.02 8.38 3.69 1.23 2.01

Y  to Y  = Year  1 to 4 and P  to P   Pruning intensity  25% to 75%  by height 1 4 25 75
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AF02.13: Tree Density Optimization in Bael 
Based Agri-horti System under 
Rainfed Semiarid Situation

 (Sunil Kumar, R K Tewari and Rajendra Prasad)

The experiment was laid out in July, 2010 with the 
objective of optimizing tree density of bael under 
agroforestry system. The experiment comprised of 

7 treatments (T  = bael spaced 6x8 m + black gram - 1

Toria, T  = 8x8 m + blackgram-Toria, T  = 8x10 m + 2 3

blackgram - Toria, T  bael sole spaced 6x8 m, T  = 4 5

bael 8x8 m, T = bael 8x10 m and T  = Crop sole) 6 7

replicated three times in randomized black design. 
Common in-situ moisture conservation practice i.e. 
deep planting was adopted for trees. One year old 
grafted bael plants var. CISH B-2 were planted in 
August and block gram variety PU-35 was grown in 
kharif. Due to late maturity of blackgram, rabi crop 
could not be sown. Observations on establishments 
of plants revealed that deep planting in black soil 
proved harmful for bael due to water stagnation. 
However, average survival of plants in December 
2010 was recorded between 74-94% across the 
treatment. Initial plant growth ranged between 42 to 
49 cm while collar diameter 0.80 to 0.96 cm. Soil 
samples for varying depth were drawn from each 
treatment and subjected to soil analysis. Wide range 
of heterogeneity recorded with respect to organic 
carbon and soil type in experimental field.

Initial characterization of soil in bael based agri- 
horti system revealed that soil organic carbon (%) 
varied significantly among treatments and different 
layers (0-15, 15-30, 30-60, 60-90 and 90-120cm) of 
soil profile. On an average, maximum SOC 
(0.412%) was observed in surface layer (0-15cm) 
and thereafter, it decreased with soil depth with 

minimum of 0.282% in 90-120cm layer (Fig. 23). 
Among the treatments, on an average, maximum 
SOC was observed in T  (0.392%) while the 3

minimum in T  (0.299%).  Like SOC, soil pH also 2

varied significantly among treatments and soil 
layers (0-15, 15-30, 30-60, 60-90 and 90-120cm). In 
general, soil pH increased with increase in soil 
depth. Among treatments, T  had maximum (6.63) 2

soil pH while, the minimum was in T  (6.22). There 6

was no significant variation in soil EC in respect of 
treatments and soil layers (0-15, 15-30, 30-60, 60-
90 and 90-120cm). However, significant variation 

-3  
in soil bulk density (g cm )in different layers of soil 
profile (0-15, 15-30, 30-60, 60-90 and 90-120cm) 
was noticed and it increased with increase in soil 
depth. However, all the treatments were at par in 
respect of soil bulk density. 

An experiment has been laid out during August 
2010 with nine treatments viz. T - Ber (100% RDF) 1

+ Sesame- Lentil, T - Ber (100% RDF) + VAM +  2

Trichoderma + Sesame- Lentil, T - Ber (75% RDF) 3

+ Sesame- Lentil, T - Ber (75% RDF) + VAM + 4

Trichoderma + Sesame- Lentil, T - Ber (50% RDF) 5

+ Sesame- Lentil, T - Ber (50% RDF) + VAM + 6

Trichoderma + Sesame- Lentil, T - Ber (100% 7

RDF) + VAM + Trichoderma, T - Ber sole (100% 8

RDF) and T -Sesame- Lentil under Randomized 9

Block Design with three replications. The sesame 
and lentil will be grown in kharif and rabi season, 
respectively by adapting standard agronomical 
practices but to lentil no nutrients will be given 
rather it will grow on residual fertility leftover by 
the kharif crop. The main objective of the 
experiment is to find out suitable nutrient 
management schedule for enhanced system 
productivity, profitability and sustainability under 
semi-arid conditions and also to see “whether by 
incorporating the bio- inoculants one can save 
fertilizer without compromising the production and 
quality of produce”.

The plants were planted at 6 x 8m distance and each 
treatment is having nine plants. During said period 

AF 02.14: Influence of Integrated Nutrient 
Management in Ber Based Agri-
horti System under Rainfed Semi-
arid Situation

(Sudhir Kumar,  Sunil Kumar, Anil Kumar and 
Rajendra Prasad)

Fig. 23: Distribution of soil organic carbon content (%) in 
soil profile in bael based agri-horti system 
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100 per cent plant survival in the field has been 
observed. The initial observations on growth 
parameters such as height and collar diameter have 
been recorded and soil samples at different depth 
from each treatment have also been collected to see 
the initial status of nutrient in the soil.

Data reveals that there was no significant difference 
between treatments for SOC, pH, EC and BD.  
Based on absolute value, the SOC varied from 0.433 
to 0.784% with mean of 0.515%, pH, from 6.26 to 
6.78 with mean of 6.59, EC from 133.3 to 311.5 µ S 

-1 -1m  with mean of 228.8 µ S m  and bulk density from 
-31.372 to1.468 g cm  with average value of 1.420 g 

-1 cm in various treatments. Profile characterization 
revealed that in general, SOC decreased with 
increase in soil depth. There was a slight increase in 
pH with increase in soil depth. Bulk density 
remained the same in all layers (0-30, 30-60, 60-90 
and 90-120 cm) and EC was highest in 30-60 cm 
layer and thereafter, it decreased with soil depth.

AF 3.9 (A) Initiation of Pruning and Its 
Intensity on Productivity of Albizia 
procera

(Munna Ram, D R Palsaniya and                         
P Rathakrishnan)

During the year, pruning in Albizia procera was 
st nd rdimposed as per the treatments in the 1 , 2  and 3  

year (already) pruned plots as well as the fourth year 
pruning initiation plots during December. The plot 
wise data on survival, growth and pruned biomass 
are presented in table 12 and 13. The tree growth in 
terms of collar diameter, tree height, diameter at 
breast height and canopy diameter did not show any 
definite trend due to pruning treatment. However, 
increasing intensity of pruning from 25 to 75% 
recorded higher leaf, fuel wood and total dry 
biomass. Further, the pruned biomass increased in 
successive years. Irrespective of the level of 

thpruning, 4  year pruning imposed treatments gave 
st nd rd

higher leaves and wood biomass than 1 , 2  and 3  
year (already) pruned plots. 

th
Table 12:  Tree growth and productivity after imposing 4  year pruning treatments 

-1
Treatments Survival Height CD dbh Canopy Pruned biomass  (t ha )  

(%) (m) (cm) (cm) diameter (m) Leaf Wood

Y P 80.55 5.44 12.31 7.27 3.56 0.30 0.621 25

Y P 75.00 4.82 11.50 7.96 3.78 0.53 1.031 50

Y P 83.33 4.93 12.35 8.08 3.58 1.08 1.501 75

Y P 75.00 6.02 11.24 7.50 3.81 0.79 0.832 25

Y P 69.47 5.02 12.54 9.36 3.82 0.67 1.032 50

Y P 74.99 4.75 12.57 9.98 3.61 0.73 1.232 75

Y P 55.56 4.58 11.21 7.25 2.95 0.63 1.083 25

Y P 61.11 4.89 12.29 8.58 3.16 0.98 1.373 50

Y P 58.34 4.21 12.60 8.26 4.02 0.99 1.773 75

Y P 80.56 5.36 10.02 7.27 3.51 2.02 3.994 25

Y P 80.56 5.37 12.72 8.76 3.62 2.82 4.564 50

Y P 83.33 4.51 13.23 9.59 4.17 3.16 5.074 75

P+ T unpruned 83.33 4.62 12.87 9.85 3.88 - -

Sole Tree 69.60 5.29 12.79 9.51 4.07 - -

Mean 70.43 4.88 12.02 8.38 3.69 1.23 2.01

Y  to Y  = Year  1 to 4 and P  to P   Pruning intensity  25% to 75%  by height 1 4 25 75
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-1 st nd th
Table 13:  Pruned biomass (t ha ) obtained after imposing   1 , 2 , 3  and 4  year of treatments -2010rd

st nd rd th
Treatments 1  year 2  year 3  year 4  year Total

leaf wood leaf wood leaf wood leaf wood leaf wood

Y P 0.32 0.12 0.23 0.65 0.23 0.41 0.30 0.62 1.08 2.881 25

Y P 0.49 0.41 0.34 0.99 0.47 0.88 0.53 1.03 1.83 3.311 50

Y P 0.58 0.54 0.46 0.20 0.99 1.88 1.08 1.50 3.11 4.121 75

Y P 0.23 0.73 0.67 0.95 0.79 0.83 1.69 2.512 25

Y P 0.35 1.45 0.56 1.10 0.67 1.03 1.58 3.582 50

Y P 0.51 2.04 1.09 1.84 0.73 1.23 2.33 5.112 75

Y P 0.70 1.59 0.63 1.08 1.33 2.673 25

Y P 1.25 2.26 0.98 1.37 2.23 3.633 50

Y P 1.41 2.72 0.99 1.77 2.40 4.493 75

Y P 2.02 3.99 2.02 3.994 25

Y P 2.82 4.56 2.82 4.564 50

Y P 3.16 5.07 3.16 5.074 75

Y  to Y  = Year  1 to 4 and P to P   Pruning intensity  25% to 75%  by height1 4 25 75

The under storey pasture component (Chrysopogon 
fulvus as grass and Stylosanthes seabrana as a 
pasture legume) was established during July-
August, 2007. The data on growth parameters and 
dry forage yield recorded during Nov.-Dec., 2010 
are presented in Table 14, 15 and 16. Study 

threvealed that after 4  year pruning treatment and 
irrespective of year of pruning initiation, 75 % 
pruning recorded higher total dry biomass yield 

-1
(8.56 t ha ) from the system in comparison to 50 % 

-1 -1
(7.24 t ha ) and 25 % (5.98 t ha ) pruning. The 
component wise production is given in table 14, 15 

and 16. The 75 % pruning also recorded higher 
-1

plant height, tussock diameter and tillers tussock  
of Chrysopogon fulvus and plant height and 

-1
branches plant  in case of Stylosanthes sebrana. 
On an average, plant height, tussock diameter and 

-1tillers tussock  of Chrysopogon fulvus were 200.4 
cm, 31.02 cm and 86.5, respectively. In case of 
Stylosanthes sebrana, the plant height and 

-1branches plant  were 91.03 cm and 39.8, 
respectively. The total dry forage yield of pasture 

-1
was 3.87 tones ha  (2.53 tones from grass + 1.34 
tones from legume).

th
Table14:  Growth and productivity of under story pasture after 4  year pruning treatment

Treatment                      C. fulvus S. seabrana Total pasture

Height Tussock Tillers/ Dry Height Branches/ Dry dry biomass 
(cm) diameter tussock forage (cm) plant forage yield

-1(cm) yield yield (t ha )
-1 -1   (t ha ) (t ha )

Y P 200.67 29.29 61.58 2.27 88.55 42.44 1.11 3.381 25

Y P 201.44 27.58 71.78 2.37 97.78 43.44 1.40 3.771 50

Y P 201.00 32.90 124.67 3.28 96.52 35.77 1.54 4.821 75

Y P 180.55 26.89 62.89 2.29 69.34 44.22 1.21 3.502 25

Y P 198.33 30.55 85.11 2.88 89.00 41.24 1.25 4.132 50

Y P 198.78 33.75 99.55 3.71 86.45 39.22 1.81 5.522 75

Y P 209.55 37.11 110.55 1.72 85.11 53.33 1.20 2.923 25

Y P 194.96 32.89 67.22 2.18 86.66 47.11 1.37 3.553 50

Y P 209.33 28.56 81.55 2.70 94.11 32.11 1.08 3.783 75

Y P 180.77 33.11 93.77 2.56 92.11 38.11 1.27 3.864 25

Y P 209.55 33.13 70.22 2.84 90.55 31.55 1.70 4.544 50

Y P 211.77 31.55 107.66 2.82 101.67 39.55 1.76 4.584 75

P+ T 

unpruned 185.89 24.67 68.33 2.17 85.66 53.13 1.14 3.31

Pure pasture 199.11 24.26 66.50 2.93 87.33 24.44 1.54 4.47

Mean 200.88 31.02 86.46 2.53 91.03 39.83 1.34 3.87

Y  to Y  = Year  1 to 4 and P   to P   Pruning intensity  25% to 75%  by height1 4 25 75

Table 15:  Performance of pasture component (2010)

Particulars C .fulvus S. seabrana Total

Plant Height (cm) 200.38 (153.33- 28.33) 91.03 (60.67-108.33) -

Tussock Diameter (cm) 31.02 (19.67 - 52.67) - -
-1

Tillers Tussock 86.46 (40.33 - 146.67) - -
-1

Branches plants - 39.83 (17.33 - 62.33) -
-1Dry fodder yield (t ha ) 2.53 (0.35 -6.1) 1.34 (0.32 -2.73) 3.87

th
Table 16: Biomass production after 4  year pruning treatment (2010)

Treatments Pruned tree biomass Pasture yield Total dry biomass
-1 -1 -1

 (t ha ) (t ha ) yield (t ha )

Leaves Wood Grass Legume

25% pruning 0.94 1.63 2.21 1.20 5.98

50% pruning 1.25 1.99 2.57 1.43 7.24

75% pruning 1.49 2.39 3.13 1.55 8.56

Pasture + tree without pruning - - 2.17 1.14 3.31

Pure pasture - - 2.93 1.54 4.47

AF 03.9 B: Evaluation of Ailanthus excelsa and 
Grewia optiva in Rakar soil

An evaluation trial of Ailanthus excelsa and 
Grewia optiva was initiated during August, 2006 
in Rakar soil under rainfed conditions and 
continued during the fifth year.  Ailanthus excelsa 
and Grewia optiva recorded 84.2 % and 80 % 
survival. Mean height, CD and dbh of Ailanthus 
was 4.15 m, 14.5 cm and 9.5 cm respectively, 
while corresponding figure for G. optiva was 3.6 

m, 6.9 cm and 3.8 cm (Table 17). Very little leaf 
and fuel wood biomass was also obtained from the 
trees through pruning which was imposed to give 
proper shape to the plants. During July, 2007 
Stylosanthes seabrana  as a pasture legume was 
sown at 100 cm spacing in line at the rate of 2.5 kg 

-1
ha . The mean value dry biomasses produced from 
under story S. seabrana during 2010 was 4.12 and 

-12.81 t ha , respectively in Ailanthus excelsa and 
Grewia optiva. 

22
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-1 st nd th
Table 13:  Pruned biomass (t ha ) obtained after imposing   1 , 2 , 3  and 4  year of treatments -2010rd

st nd rd th
Treatments 1  year 2  year 3  year 4  year Total

leaf wood leaf wood leaf wood leaf wood leaf wood

Y P 0.32 0.12 0.23 0.65 0.23 0.41 0.30 0.62 1.08 2.881 25

Y P 0.49 0.41 0.34 0.99 0.47 0.88 0.53 1.03 1.83 3.311 50

Y P 0.58 0.54 0.46 0.20 0.99 1.88 1.08 1.50 3.11 4.121 75

Y P 0.23 0.73 0.67 0.95 0.79 0.83 1.69 2.512 25

Y P 0.35 1.45 0.56 1.10 0.67 1.03 1.58 3.582 50

Y P 0.51 2.04 1.09 1.84 0.73 1.23 2.33 5.112 75

Y P 0.70 1.59 0.63 1.08 1.33 2.673 25

Y P 1.25 2.26 0.98 1.37 2.23 3.633 50

Y P 1.41 2.72 0.99 1.77 2.40 4.493 75

Y P 2.02 3.99 2.02 3.994 25

Y P 2.82 4.56 2.82 4.564 50

Y P 3.16 5.07 3.16 5.074 75

Y  to Y  = Year  1 to 4 and P to P   Pruning intensity  25% to 75%  by height1 4 25 75

The under storey pasture component (Chrysopogon 
fulvus as grass and Stylosanthes seabrana as a 
pasture legume) was established during July-
August, 2007. The data on growth parameters and 
dry forage yield recorded during Nov.-Dec., 2010 
are presented in Table 14, 15 and 16. Study 

threvealed that after 4  year pruning treatment and 
irrespective of year of pruning initiation, 75 % 
pruning recorded higher total dry biomass yield 

-1
(8.56 t ha ) from the system in comparison to 50 % 

-1 -1
(7.24 t ha ) and 25 % (5.98 t ha ) pruning. The 
component wise production is given in table 14, 15 

and 16. The 75 % pruning also recorded higher 
-1

plant height, tussock diameter and tillers tussock  
of Chrysopogon fulvus and plant height and 

-1
branches plant  in case of Stylosanthes sebrana. 
On an average, plant height, tussock diameter and 

-1tillers tussock  of Chrysopogon fulvus were 200.4 
cm, 31.02 cm and 86.5, respectively. In case of 
Stylosanthes sebrana, the plant height and 

-1branches plant  were 91.03 cm and 39.8, 
respectively. The total dry forage yield of pasture 

-1
was 3.87 tones ha  (2.53 tones from grass + 1.34 
tones from legume).

th
Table14:  Growth and productivity of under story pasture after 4  year pruning treatment

Treatment                      C. fulvus S. seabrana Total pasture

Height Tussock Tillers/ Dry Height Branches/ Dry dry biomass 
(cm) diameter tussock forage (cm) plant forage yield

-1(cm) yield yield (t ha )
-1 -1   (t ha ) (t ha )

Y P 200.67 29.29 61.58 2.27 88.55 42.44 1.11 3.381 25

Y P 201.44 27.58 71.78 2.37 97.78 43.44 1.40 3.771 50

Y P 201.00 32.90 124.67 3.28 96.52 35.77 1.54 4.821 75

Y P 180.55 26.89 62.89 2.29 69.34 44.22 1.21 3.502 25

Y P 198.33 30.55 85.11 2.88 89.00 41.24 1.25 4.132 50

Y P 198.78 33.75 99.55 3.71 86.45 39.22 1.81 5.522 75

Y P 209.55 37.11 110.55 1.72 85.11 53.33 1.20 2.923 25

Y P 194.96 32.89 67.22 2.18 86.66 47.11 1.37 3.553 50

Y P 209.33 28.56 81.55 2.70 94.11 32.11 1.08 3.783 75

Y P 180.77 33.11 93.77 2.56 92.11 38.11 1.27 3.864 25

Y P 209.55 33.13 70.22 2.84 90.55 31.55 1.70 4.544 50

Y P 211.77 31.55 107.66 2.82 101.67 39.55 1.76 4.584 75

P+ T 

unpruned 185.89 24.67 68.33 2.17 85.66 53.13 1.14 3.31

Pure pasture 199.11 24.26 66.50 2.93 87.33 24.44 1.54 4.47

Mean 200.88 31.02 86.46 2.53 91.03 39.83 1.34 3.87

Y  to Y  = Year  1 to 4 and P   to P   Pruning intensity  25% to 75%  by height1 4 25 75

Table 15:  Performance of pasture component (2010)

Particulars C .fulvus S. seabrana Total

Plant Height (cm) 200.38 (153.33- 28.33) 91.03 (60.67-108.33) -

Tussock Diameter (cm) 31.02 (19.67 - 52.67) - -
-1

Tillers Tussock 86.46 (40.33 - 146.67) - -
-1

Branches plants - 39.83 (17.33 - 62.33) -
-1Dry fodder yield (t ha ) 2.53 (0.35 -6.1) 1.34 (0.32 -2.73) 3.87

th
Table 16: Biomass production after 4  year pruning treatment (2010)

Treatments Pruned tree biomass Pasture yield Total dry biomass
-1 -1 -1

 (t ha ) (t ha ) yield (t ha )

Leaves Wood Grass Legume

25% pruning 0.94 1.63 2.21 1.20 5.98

50% pruning 1.25 1.99 2.57 1.43 7.24

75% pruning 1.49 2.39 3.13 1.55 8.56

Pasture + tree without pruning - - 2.17 1.14 3.31

Pure pasture - - 2.93 1.54 4.47

AF 03.9 B: Evaluation of Ailanthus excelsa and 
Grewia optiva in Rakar soil

An evaluation trial of Ailanthus excelsa and 
Grewia optiva was initiated during August, 2006 
in Rakar soil under rainfed conditions and 
continued during the fifth year.  Ailanthus excelsa 
and Grewia optiva recorded 84.2 % and 80 % 
survival. Mean height, CD and dbh of Ailanthus 
was 4.15 m, 14.5 cm and 9.5 cm respectively, 
while corresponding figure for G. optiva was 3.6 

m, 6.9 cm and 3.8 cm (Table 17). Very little leaf 
and fuel wood biomass was also obtained from the 
trees through pruning which was imposed to give 
proper shape to the plants. During July, 2007 
Stylosanthes seabrana  as a pasture legume was 
sown at 100 cm spacing in line at the rate of 2.5 kg 

-1
ha . The mean value dry biomasses produced from 
under story S. seabrana during 2010 was 4.12 and 

-12.81 t ha , respectively in Ailanthus excelsa and 
Grewia optiva. 

22



Table 17: Biomass growth data of Ailanthus 
excelsa   and Grewia optiva in Dec. 2010 

Particulars A excelsa G. optiva

Height (m) 4.15 3.60

CD (cm) 14.45 6.91

dbh (cm) 9.50 3.81

Canopy (m) 3.0 1.30

Survival (%) 84.2 80.00
-1

Leaf  fodder  (kg ha ) - 77.80
-1

Fuel  wood (kg ha ) - 365.80
-1

Stylo dry biomass  (t ha ) 4.12 2.81
Plate1: A view of the silvipasture experiment
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16 Warngal 7.71 108.03 16.36 95.12 12.96 92.86 3.27 78.14

17 Chandrapur 7.54 105.60 18.31 106.45 14.24 101.98 4.35 103.95

18 Nagpur 7.24 101.40 15.72 91.38 13.33 95.46 3.58 85.67

19 Seoni 7.65* 107.14 20.38 118.51 16.03 114.83 6.18* 147.85

20 Akola 7.12 99.67 16.59 96.43 13.16 94.25 3.41 81.54

21 Jalgaon 7.80 109.24 16.77 97.48 13.60 97.45 3.78 90.54

22 Bhusawal 8.04* 112.56 19.79 115.08 15.53 111.22 5.62 134.37

23 Dhule 8.25* 115.59 17.69 102.83 14.48 103.70 4.58 109.61

24 Nasik 8.12* 113.73 17.77 103.33 14.48 103.75 4.60 110.01

25 Ahamadnagar 7.65 107.19 17.70 102.93 14.07 100.79 4.21 100.79

26 Aurngabad 7.90 110.64 17.01 98.88 13.31 95.32 3.56 85.09

27 Aurngabad 7.34 102.75 17.28 100.45 14.11 101.07 4.34 103.83

28 Jalna 7.79 109.06 18.29 106.32 14.24 102.03 4.35 104.16

29 Parbhani 7.89 110.46 17.05 99.13 13.68 98.02 3.88 92.71

30 Naded 7.40 103.69 16.62 96.63 13.59 97.37 3.79 90.60

31 Yavatamal 8.21* 115.03 17.82 103.62 14.12 101.17 4.26 101.84

32 Coimbatore 7.46 104.48 16.84 97.93 13.51 96.80 3.73 89.33

33 Hisar 6.87 96.17 14.90 86.65 11.77 84.29 2.32 55.40

34 Dharwad 8.03* 112.42 17.36 100.91 14.13 101.22 4.25 101.69

35 Adilabad 7.52 105.32 17.93 104.24 14.02 100.41 4.15 99.20

36 W. Godavari 7.78 109.01 17.21 100.04 13.51 96.75 3.72 88.99

37 Karimnagar 8.09* 113.31 16.39 95.27 13.71 98.21 3.88 92.86

38 Jodhpur 6.68 93.56 14.33 83.33 12.01 86.06 2.51 60.03

39 Bilara 7.12 99.72 14.10 81.98 11.16 79.97 1.95 46.75

40 Madak 7.60 106.44 16.48 95.79 13.12 94.01 3.40 81.33

Mean 7.55 --- 16.98 --- 13.57 --- 3.81 ---

Minimum 6.68 --- 14.10 --- 11.16 --- 1.95 ---

Maximum 8.25 --- 20.38 --- 16.03 --- 6.18 ---

S Em± 0.32 --- 0.97 --- 0.62 --- 0.70 ---

CD (5%) 0.87 --- 2.70 --- 1.71 --- 1.93 —

* = Significant at 5% level of significant
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2. Research Achievements

AF 04.1a: Genetics and Breeding of Azadirachta 
indica, Dalbergia sissoo and Anogessus 

AF 4.1.1: Genetics and Breeding of neem 
(Azadirachta indica A. Juss)

(V K Gupta, S P Ahlawat and R V Kumar)

(A) Provenance trial established in the year 
2000

In this trial, 40 provenances including Jhansi 
collected from Uttar Pradesh, Rajasthan, Madhya 
Pradesh, Maharashtra, West Bengal, Gujarat, 
Andhra Pradesh and Tamil Nadu were planted in 
July, 2000 in a randomized block design in three 
replications.  Each provenance had single row plot 
of 27x4 m having nine plants in each row.  
Provenances were spaced 4x3 m between and 
within rows. Data was recorded on tree height, basal 
diameter and dbh, bole volume was estimated as per 
the bole volume equation given by FSI (2009). A

good amount of variability was observed for all the 
growth parameters. Variability ranged from 6.68-
8.25 m for tree height, 14.10-20.38 cm for basal 
diameter, 11.16-16.03 cm for dbh and 1.95-6.18 

3 -1 -1
m ha  yr  for wood volume with population mean of 

3 -1 -1
7.55 m, 16.98 cm, 13.57 cm and 3.81 m ha  yr , 
respectively.  Mean annual increment values for 
tree height, basal diameter and dbh indicate stunted 
growth. It might be due to presence of rocky strata at 
less than 1m depth. Significant difference among 
provenances for all the characters under study 
(Table 18) was observed. For tree height, 7 
provenances were significantly taller than Jhansi 
provenance.  Maximum height was attended by 
Dhule provenance. Only one provenance was 
significantly superior than Jhansi for dbh and bole 
volume. For bole volume, eleven provenances were 
superior than Jhansi provenance on mean basis. 
Bhusawal provenance is fast growing as well as 
high fruit yielder.  Hence, has scope for further 
selection.

 
Table 18:  Growth performance of provenances of neem in provenances trial establish in the year 

2000 (age10.5 yr.) 

Trial No. Provenance Plant height  Basal dia. dbh Bole volume
3 -1 -1Mean % of Mean % of Mean % of m ha yr % of 

(m) Jhansi (cm) Jhansi (cm) Jhansi Jhansi

1 Palanpur 6.97 97.67 16.66 96.86 13.34 95.56 3.58 85.66

2 Jhansi 7.14 99.95 17.20 99.98 13.96 100.00 4.18 99.92

3 Faizabad 6.96 97.43 17.00 98.84 13.01 93.22 3.40 81.30

4 Bhopal 7.37 103.27 17.45 101.45 13.90 99.55 4.05 96.87

5 Hoshangabad 7.22 101.12 17.63 102.52 14.43 103.39 4.59 109.72

6 Chhindwara 7.42 103.97 16.57 96.32 13.41 96.08 3.63 86.80

7 Wardha 8.00 112.09 17.90 104.09 14.36 102.84 4.46 106.72

8 Nizamabad 7.65 107.10 16.88 98.12 13.39 95.92 3.61 86.32

9 Hyderabad 7.74 108.45 17.24 100.23 13.83 99.09 3.98 95.28

10 Mahbubnagar 7.22 101.17 16.71 97.13 13.35 95.61 3.59 85.85

11 Kurnool 7.34 102.85 14.24 82.81 11.56 82.83 2.15 51.50

12 Anatpur 7.36 103.08 16.75 97.38 13.03 93.34 3.33 79.66

13 Praksham 8.16* 114.29 17.17 99.84 13.69 98.04 3.86 92.46

14 Guntoor 7.11 99.58 16.50 95.93 12.30 88.11 2.75 65.71

15 Krishna 7.50 105.09 16.55 96.24 13.18 94.44 3.44 82.20

(B) Neem germplasm evaluation trial planted 
in the year 2001

Forty provenances, 32 plus tree progenies and nine 
selections from Maharashtra, Madhya Pradesh, 
Orissa and Andhra Pradesh were planted in the 
field in single row plot in July, 2001 in non-
replicated trial for preliminary evaluation. A wide 
range of variability was observed for all the 
characters under study (Table 19).Variability for 
these traits ranged from 6.61-10.95 m for tree

height, 14.70-24.03 cm for basal diameter, 11.07 -
3 -1 -1

18.58 cm for dbh and 1.99-9.80 m ha  yr  for bole 
volume with population mean of 8.21 m, 19.18 

3 -1 -1
cm, 13.77 cm and 4.43 m ha yr , respectively. 
Based on bole volume 39 accessions were 
prominent when compared with local. Ten 
outstanding accessions are selection-9, MH-
Prov.-49, MH-PT-29, MH-Prov.-48, MH-PT-35, 
MH-PT-26, MH-PT-25, AP-Prov.-32, OR-Prov.-
65, selection-6.



16 Warngal 7.71 108.03 16.36 95.12 12.96 92.86 3.27 78.14

17 Chandrapur 7.54 105.60 18.31 106.45 14.24 101.98 4.35 103.95

18 Nagpur 7.24 101.40 15.72 91.38 13.33 95.46 3.58 85.67

19 Seoni 7.65* 107.14 20.38 118.51 16.03 114.83 6.18* 147.85

20 Akola 7.12 99.67 16.59 96.43 13.16 94.25 3.41 81.54

21 Jalgaon 7.80 109.24 16.77 97.48 13.60 97.45 3.78 90.54

22 Bhusawal 8.04* 112.56 19.79 115.08 15.53 111.22 5.62 134.37

23 Dhule 8.25* 115.59 17.69 102.83 14.48 103.70 4.58 109.61

24 Nasik 8.12* 113.73 17.77 103.33 14.48 103.75 4.60 110.01

25 Ahamadnagar 7.65 107.19 17.70 102.93 14.07 100.79 4.21 100.79

26 Aurngabad 7.90 110.64 17.01 98.88 13.31 95.32 3.56 85.09

27 Aurngabad 7.34 102.75 17.28 100.45 14.11 101.07 4.34 103.83

28 Jalna 7.79 109.06 18.29 106.32 14.24 102.03 4.35 104.16

29 Parbhani 7.89 110.46 17.05 99.13 13.68 98.02 3.88 92.71

30 Naded 7.40 103.69 16.62 96.63 13.59 97.37 3.79 90.60

31 Yavatamal 8.21* 115.03 17.82 103.62 14.12 101.17 4.26 101.84

32 Coimbatore 7.46 104.48 16.84 97.93 13.51 96.80 3.73 89.33

33 Hisar 6.87 96.17 14.90 86.65 11.77 84.29 2.32 55.40

34 Dharwad 8.03* 112.42 17.36 100.91 14.13 101.22 4.25 101.69

35 Adilabad 7.52 105.32 17.93 104.24 14.02 100.41 4.15 99.20

36 W. Godavari 7.78 109.01 17.21 100.04 13.51 96.75 3.72 88.99

37 Karimnagar 8.09* 113.31 16.39 95.27 13.71 98.21 3.88 92.86

38 Jodhpur 6.68 93.56 14.33 83.33 12.01 86.06 2.51 60.03

39 Bilara 7.12 99.72 14.10 81.98 11.16 79.97 1.95 46.75

40 Madak 7.60 106.44 16.48 95.79 13.12 94.01 3.40 81.33

Mean 7.55 --- 16.98 --- 13.57 --- 3.81 ---

Minimum 6.68 --- 14.10 --- 11.16 --- 1.95 ---

Maximum 8.25 --- 20.38 --- 16.03 --- 6.18 ---

S Em± 0.32 --- 0.97 --- 0.62 --- 0.70 ---

CD (5%) 0.87 --- 2.70 --- 1.71 --- 1.93 —

* = Significant at 5% level of significant
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2. Research Achievements

AF 04.1a: Genetics and Breeding of Azadirachta 
indica, Dalbergia sissoo and Anogessus 

AF 4.1.1: Genetics and Breeding of neem 
(Azadirachta indica A. Juss)

(V K Gupta, S P Ahlawat and R V Kumar)

(A) Provenance trial established in the year 
2000

In this trial, 40 provenances including Jhansi 
collected from Uttar Pradesh, Rajasthan, Madhya 
Pradesh, Maharashtra, West Bengal, Gujarat, 
Andhra Pradesh and Tamil Nadu were planted in 
July, 2000 in a randomized block design in three 
replications.  Each provenance had single row plot 
of 27x4 m having nine plants in each row.  
Provenances were spaced 4x3 m between and 
within rows. Data was recorded on tree height, basal 
diameter and dbh, bole volume was estimated as per 
the bole volume equation given by FSI (2009). A

good amount of variability was observed for all the 
growth parameters. Variability ranged from 6.68-
8.25 m for tree height, 14.10-20.38 cm for basal 
diameter, 11.16-16.03 cm for dbh and 1.95-6.18 

3 -1 -1
m ha  yr  for wood volume with population mean of 

3 -1 -1
7.55 m, 16.98 cm, 13.57 cm and 3.81 m ha  yr , 
respectively.  Mean annual increment values for 
tree height, basal diameter and dbh indicate stunted 
growth. It might be due to presence of rocky strata at 
less than 1m depth. Significant difference among 
provenances for all the characters under study 
(Table 18) was observed. For tree height, 7 
provenances were significantly taller than Jhansi 
provenance.  Maximum height was attended by 
Dhule provenance. Only one provenance was 
significantly superior than Jhansi for dbh and bole 
volume. For bole volume, eleven provenances were 
superior than Jhansi provenance on mean basis. 
Bhusawal provenance is fast growing as well as 
high fruit yielder.  Hence, has scope for further 
selection.

 
Table 18:  Growth performance of provenances of neem in provenances trial establish in the year 

2000 (age10.5 yr.) 

Trial No. Provenance Plant height  Basal dia. dbh Bole volume
3 -1 -1Mean % of Mean % of Mean % of m ha yr % of 

(m) Jhansi (cm) Jhansi (cm) Jhansi Jhansi

1 Palanpur 6.97 97.67 16.66 96.86 13.34 95.56 3.58 85.66

2 Jhansi 7.14 99.95 17.20 99.98 13.96 100.00 4.18 99.92

3 Faizabad 6.96 97.43 17.00 98.84 13.01 93.22 3.40 81.30

4 Bhopal 7.37 103.27 17.45 101.45 13.90 99.55 4.05 96.87

5 Hoshangabad 7.22 101.12 17.63 102.52 14.43 103.39 4.59 109.72

6 Chhindwara 7.42 103.97 16.57 96.32 13.41 96.08 3.63 86.80

7 Wardha 8.00 112.09 17.90 104.09 14.36 102.84 4.46 106.72

8 Nizamabad 7.65 107.10 16.88 98.12 13.39 95.92 3.61 86.32

9 Hyderabad 7.74 108.45 17.24 100.23 13.83 99.09 3.98 95.28

10 Mahbubnagar 7.22 101.17 16.71 97.13 13.35 95.61 3.59 85.85

11 Kurnool 7.34 102.85 14.24 82.81 11.56 82.83 2.15 51.50

12 Anatpur 7.36 103.08 16.75 97.38 13.03 93.34 3.33 79.66

13 Praksham 8.16* 114.29 17.17 99.84 13.69 98.04 3.86 92.46

14 Guntoor 7.11 99.58 16.50 95.93 12.30 88.11 2.75 65.71

15 Krishna 7.50 105.09 16.55 96.24 13.18 94.44 3.44 82.20

(B) Neem germplasm evaluation trial planted 
in the year 2001

Forty provenances, 32 plus tree progenies and nine 
selections from Maharashtra, Madhya Pradesh, 
Orissa and Andhra Pradesh were planted in the 
field in single row plot in July, 2001 in non-
replicated trial for preliminary evaluation. A wide 
range of variability was observed for all the 
characters under study (Table 19).Variability for 
these traits ranged from 6.61-10.95 m for tree

height, 14.70-24.03 cm for basal diameter, 11.07 -
3 -1 -1

18.58 cm for dbh and 1.99-9.80 m ha  yr  for bole 
volume with population mean of 8.21 m, 19.18 

3 -1 -1
cm, 13.77 cm and 4.43 m ha yr , respectively. 
Based on bole volume 39 accessions were 
prominent when compared with local. Ten 
outstanding accessions are selection-9, MH-
Prov.-49, MH-PT-29, MH-Prov.-48, MH-PT-35, 
MH-PT-26, MH-PT-25, AP-Prov.-32, OR-Prov.-
65, selection-6.
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61 MH-PT-28 8.83 116.34 21.90 129.82 14.23 106.67 4.79 121.91

62 MH-PT-29 8.83 116.34 21.30 126.26 14.46 108.40 5.02 127.80

63 MH-PT-30 9.01 118.71 21.60 128.04 14.89 111.62 5.47 139.06

64 MH-PT-31 7.33 96.57 15.78 93.54 11.30 84.71 2.17 55.17

66 MH-PT-33 7.76 102.24 20.33 120.51 14.77 110.72 5.34 135.88

67 MH-PT-34 9.24 121.74 22.46 133.14 15.53 116.42 6.15 156.43

68 MH-PT-35 10.95 144.27 22.45 133.08 16.64 124.74 7.40 188.29

69 MH-PT-36 7.40 97.50 18.00 106.70 13.51 101.27 4.09 104.09

70 MH-PT-37 7.58 99.87 19.50 115.59 12.90 96.70 3.53 89.72

71 MH-PT-38 9.45 124.51 20.50 121.52 15.40 115.44 6.01 152.84

72 OR-PT-25 8.01 105.53 18.87 111.86 12.00 89.96 2.74 69.72

73 OR-PT-26 6.90 90.91 16.17 95.85 11.87 88.98 2.63 66.95

74 OR-PT-27 7.46 98.29 18.72 110.97 12.41 93.03 3.09 78.65

75 OR-PT-28 7.79 102.64 17.26 102.31 12.19 91.38 2.90 73.82

76 OR-PT-29 8.24 108.56 18.30 108.48 12.91 96.78 3.53 89.95

77 OR-PT-30 7.38 97.23 17.45 103.44 12.72 95.35 3.36 85.60

78 OR-PT-31 6.79 89.46 18.87 111.86 12.42 93.10 3.10 78.87

79 OR-PT-32 7.99 105.27 17.77 105.33 12.17 91.23 2.88 73.39

80 OR-PT-33 8.76 115.42 17.80 105.51 13.20 98.95 3.80 96.70

81 OR-PT-34 8.54 112.52 17.74 105.16 12.48 93.55 3.15 80.21

83 Jhansi 7.45 98.16 17.01 100.83 12.21 91.53 2.92 74.26

84 SEL-1 7.57 99.74 17.48 103.62 12.20 91.45 2.91 74.04

54 OR-Prov-61 8.08 106.46 17.65 104.62 12.73 95.43 3.37 85.83

85 SEL-2 8.38 110.41 20.58 121.99 14.23 106.67 4.79 121.91

86 SEL-3 7.46 98.29 16.95 100.47 11.80 88.46 2.57 65.48

87 SEL-4 7.32 96.44 17.15 101.66 12.50 93.70 3.17 80.65

88 SEL-5 7.65 100.79 18.87 111.86 13.93 104.42 4.49 114.37

89 SEL-6 7.80 102.77 23.35 138.41 15.53 116.42 6.15 156.43

90 SEl-7 7.35 96.84 17.44 103.38 12.55 94.08 3.21 81.77

91 SEL-8 7.54 99.34 19.98 118.44 14.33 107.42 4.89 124.46

92 SEL-9 7.80 102.77 24.03 142.44 18.58 139.28 9.80 249.25

105 OR-Prov-64 8.35 110.01 19.03 112.80 13.75 103.07 4.32 109.93

106 OR-Prov-65 7.75 102.11 23.13 137.11 15.83 118.67 6.48 164.82

107 OR-Prov-66 6.85 90.25 20.60 122.11 14.60 109.45 5.17 131.43

108 OR-Prov-67 7.55 99.47 20.50 121.52 14.43 108.17 4.99 127.03

Mean --- 8.21 --- 19.18 --- 13.77 --- 4.43 ---

Minimum --- 6.61 --- 14.70 --- 11.07 --- 1.99 ---

Maximum --- 10.95 --- 24.03 --- 18.58 --- 9.80 ---

S Em± --- 0.09 --- 0.25 --- 0.18 --- 0.18 ---

 

Table 19:  Growth performance of promising provenances of neem in germplasm evaluation trial 
establish in the year 2001 (age 9.5 yr.) 

Nursery No. Provenance/ Plant height Basal dia. dbh Bole volume
3 -1 -1 progeny Mean % of Mean % of Mean % of m ha yr % of

(cm) Jhansi (cm) Jhansi (cm) Jhansi Jhansi

12 MH-PT-23 6.61 87.09 14.70 87.14 11.38 85.31 2.23 56.79

13 MH-PT-24 8.48 111.73 21.27 126.08 14.68 110.04 5.25 133.52

14 MH-PT-25 8.19 107.91 16.15 95.73 11.88 89.06 2.64 67.17

15 MH-PT-26 7.07 93.15 16.00 94.84 12.72 95.35 3.36 85.60

16 MH-PT-27 7.94 104.61 19.43 115.17 14.17 106.22 4.73 120.39

17 MH-PT-28 8.18 107.77 17.85 105.81 11.94 89.51 2.69 68.44

18 MH-PT-29 8.85 116.60 22.97 136.16 16.73 125.41 7.51 190.97

26 AP-Prov-33 7.97 105.01 18.60 110.25 13.71 102.77 4.28 108.95

20 MH-Prov-47 8.26 108.83 19.36 114.76 14.14 106.00 4.70 119.63

21 MH-Prov-48 9.63 126.88 22.50 133.37 16.72 125.34 7.49 190.67

22 MH-Prov-49 9.16 120.69 22.30 132.19 17.55 131.56 8.49 216.05

23 MH-Prov-50 7.97 105.01 20.80 123.30 14.78 110.79 5.35 136.15

24 MH-Prov-51 8.24 108.56 18.10 107.29 13.95 104.57 4.51 114.87

25 AP-Prov-32 9.50 125.16 22.38 132.66 15.93 119.42 6.59 167.66

27 AP-Prov-34 9.39 123.72 19.72 116.89 14.20 106.45 4.76 121.15

28 AP-Prov-35 8.18 107.77 20.20 119.74 13.20 98.95 3.80 96.70

29 AP-Prov-36 8.12 106.98 19.23 113.99 14.38 107.80 4.94 125.74

30 OR-Prov-37 8.55 112.65 19.55 115.89 14.80 110.94 5.37 136.67

31 OR-Prov-38 8.21 108.17 18.20 107.88 14.15 106.07 4.71 119.89

32 OR-Prov-39 8.61 113.44 19.03 112.80 12.75 95.58 3.39 86.28

33 OR-Prov-40 7.67 101.05 15.36 91.05 11.95 89.58 2.70 68.65

36 OR-Prov-43 8.45 111.33 19.27 114.23 13.02 97.60 3.63 92.49

38 OR-Prov-45 8.86 116.73 17.92 106.22 13.39 100.37 3.98 101.21

40 OR-Prov-47 8.15 107.38 17.74 105.16 12.97 97.23 3.59 91.33

44 OR-Prov-51 7.75 102.11 15.42 91.40 11.07 82.98 1.99 50.58

46 OR-Prov-53 8.41 110.80 17.36 102.90 12.22 91.60 2.93 74.48

47 OR-Prov-54 8.43 111.07 18.12 107.41 13.17 98.73 3.77 96.00

50 OR-Prov-57 8.28 109.09 17.16 101.72 13.63 102.17 4.20 107.00

82 Jhansi 7.59 100.00 16.87 100.00 13.34 100.00 3.93 100.02

52 OR-Prov-59 9.12 120.16 21.80 129.22 15.02 112.59 5.60 142.53

53 OR-Prov-60 8.64 113.83 19.54 115.83 14.42 108.10 4.98 126.77

55 OR-Prov-62 9.24 121.74 19.98 118.44 14.28 107.05 4.84 123.18

56 MH-PT-23 8.15 107.38 17.66 104.68 12.05 90.33 2.78 70.80

57 MH-PT-24 8.88 117.00 18.90 112.03 13.33 99.93 3.92 99.78

58 MH-PT-25 10.06 132.54 21.68 128.51 15.95 119.57 6.61 168.23

59 MH-PT-26 8.83 116.34 21.70 128.63 16.25 121.81 6.95 176.85

60 MH-PT-27 8.01 105.53 19.46 115.35 14.70 110.19 5.27 134.04
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61 MH-PT-28 8.83 116.34 21.90 129.82 14.23 106.67 4.79 121.91

62 MH-PT-29 8.83 116.34 21.30 126.26 14.46 108.40 5.02 127.80

63 MH-PT-30 9.01 118.71 21.60 128.04 14.89 111.62 5.47 139.06

64 MH-PT-31 7.33 96.57 15.78 93.54 11.30 84.71 2.17 55.17

66 MH-PT-33 7.76 102.24 20.33 120.51 14.77 110.72 5.34 135.88

67 MH-PT-34 9.24 121.74 22.46 133.14 15.53 116.42 6.15 156.43

68 MH-PT-35 10.95 144.27 22.45 133.08 16.64 124.74 7.40 188.29

69 MH-PT-36 7.40 97.50 18.00 106.70 13.51 101.27 4.09 104.09

70 MH-PT-37 7.58 99.87 19.50 115.59 12.90 96.70 3.53 89.72

71 MH-PT-38 9.45 124.51 20.50 121.52 15.40 115.44 6.01 152.84

72 OR-PT-25 8.01 105.53 18.87 111.86 12.00 89.96 2.74 69.72

73 OR-PT-26 6.90 90.91 16.17 95.85 11.87 88.98 2.63 66.95

74 OR-PT-27 7.46 98.29 18.72 110.97 12.41 93.03 3.09 78.65

75 OR-PT-28 7.79 102.64 17.26 102.31 12.19 91.38 2.90 73.82

76 OR-PT-29 8.24 108.56 18.30 108.48 12.91 96.78 3.53 89.95

77 OR-PT-30 7.38 97.23 17.45 103.44 12.72 95.35 3.36 85.60

78 OR-PT-31 6.79 89.46 18.87 111.86 12.42 93.10 3.10 78.87

79 OR-PT-32 7.99 105.27 17.77 105.33 12.17 91.23 2.88 73.39

80 OR-PT-33 8.76 115.42 17.80 105.51 13.20 98.95 3.80 96.70

81 OR-PT-34 8.54 112.52 17.74 105.16 12.48 93.55 3.15 80.21

83 Jhansi 7.45 98.16 17.01 100.83 12.21 91.53 2.92 74.26

84 SEL-1 7.57 99.74 17.48 103.62 12.20 91.45 2.91 74.04

54 OR-Prov-61 8.08 106.46 17.65 104.62 12.73 95.43 3.37 85.83

85 SEL-2 8.38 110.41 20.58 121.99 14.23 106.67 4.79 121.91

86 SEL-3 7.46 98.29 16.95 100.47 11.80 88.46 2.57 65.48

87 SEL-4 7.32 96.44 17.15 101.66 12.50 93.70 3.17 80.65

88 SEL-5 7.65 100.79 18.87 111.86 13.93 104.42 4.49 114.37

89 SEL-6 7.80 102.77 23.35 138.41 15.53 116.42 6.15 156.43

90 SEl-7 7.35 96.84 17.44 103.38 12.55 94.08 3.21 81.77

91 SEL-8 7.54 99.34 19.98 118.44 14.33 107.42 4.89 124.46

92 SEL-9 7.80 102.77 24.03 142.44 18.58 139.28 9.80 249.25

105 OR-Prov-64 8.35 110.01 19.03 112.80 13.75 103.07 4.32 109.93

106 OR-Prov-65 7.75 102.11 23.13 137.11 15.83 118.67 6.48 164.82

107 OR-Prov-66 6.85 90.25 20.60 122.11 14.60 109.45 5.17 131.43

108 OR-Prov-67 7.55 99.47 20.50 121.52 14.43 108.17 4.99 127.03

Mean --- 8.21 --- 19.18 --- 13.77 --- 4.43 ---

Minimum --- 6.61 --- 14.70 --- 11.07 --- 1.99 ---

Maximum --- 10.95 --- 24.03 --- 18.58 --- 9.80 ---

S Em± --- 0.09 --- 0.25 --- 0.18 --- 0.18 ---

 

Table 19:  Growth performance of promising provenances of neem in germplasm evaluation trial 
establish in the year 2001 (age 9.5 yr.) 

Nursery No. Provenance/ Plant height Basal dia. dbh Bole volume
3 -1 -1 progeny Mean % of Mean % of Mean % of m ha yr % of

(cm) Jhansi (cm) Jhansi (cm) Jhansi Jhansi

12 MH-PT-23 6.61 87.09 14.70 87.14 11.38 85.31 2.23 56.79

13 MH-PT-24 8.48 111.73 21.27 126.08 14.68 110.04 5.25 133.52

14 MH-PT-25 8.19 107.91 16.15 95.73 11.88 89.06 2.64 67.17

15 MH-PT-26 7.07 93.15 16.00 94.84 12.72 95.35 3.36 85.60

16 MH-PT-27 7.94 104.61 19.43 115.17 14.17 106.22 4.73 120.39

17 MH-PT-28 8.18 107.77 17.85 105.81 11.94 89.51 2.69 68.44

18 MH-PT-29 8.85 116.60 22.97 136.16 16.73 125.41 7.51 190.97

26 AP-Prov-33 7.97 105.01 18.60 110.25 13.71 102.77 4.28 108.95

20 MH-Prov-47 8.26 108.83 19.36 114.76 14.14 106.00 4.70 119.63

21 MH-Prov-48 9.63 126.88 22.50 133.37 16.72 125.34 7.49 190.67

22 MH-Prov-49 9.16 120.69 22.30 132.19 17.55 131.56 8.49 216.05

23 MH-Prov-50 7.97 105.01 20.80 123.30 14.78 110.79 5.35 136.15

24 MH-Prov-51 8.24 108.56 18.10 107.29 13.95 104.57 4.51 114.87

25 AP-Prov-32 9.50 125.16 22.38 132.66 15.93 119.42 6.59 167.66

27 AP-Prov-34 9.39 123.72 19.72 116.89 14.20 106.45 4.76 121.15

28 AP-Prov-35 8.18 107.77 20.20 119.74 13.20 98.95 3.80 96.70

29 AP-Prov-36 8.12 106.98 19.23 113.99 14.38 107.80 4.94 125.74

30 OR-Prov-37 8.55 112.65 19.55 115.89 14.80 110.94 5.37 136.67

31 OR-Prov-38 8.21 108.17 18.20 107.88 14.15 106.07 4.71 119.89

32 OR-Prov-39 8.61 113.44 19.03 112.80 12.75 95.58 3.39 86.28

33 OR-Prov-40 7.67 101.05 15.36 91.05 11.95 89.58 2.70 68.65

36 OR-Prov-43 8.45 111.33 19.27 114.23 13.02 97.60 3.63 92.49

38 OR-Prov-45 8.86 116.73 17.92 106.22 13.39 100.37 3.98 101.21

40 OR-Prov-47 8.15 107.38 17.74 105.16 12.97 97.23 3.59 91.33

44 OR-Prov-51 7.75 102.11 15.42 91.40 11.07 82.98 1.99 50.58

46 OR-Prov-53 8.41 110.80 17.36 102.90 12.22 91.60 2.93 74.48

47 OR-Prov-54 8.43 111.07 18.12 107.41 13.17 98.73 3.77 96.00

50 OR-Prov-57 8.28 109.09 17.16 101.72 13.63 102.17 4.20 107.00

82 Jhansi 7.59 100.00 16.87 100.00 13.34 100.00 3.93 100.02

52 OR-Prov-59 9.12 120.16 21.80 129.22 15.02 112.59 5.60 142.53

53 OR-Prov-60 8.64 113.83 19.54 115.83 14.42 108.10 4.98 126.77

55 OR-Prov-62 9.24 121.74 19.98 118.44 14.28 107.05 4.84 123.18

56 MH-PT-23 8.15 107.38 17.66 104.68 12.05 90.33 2.78 70.80

57 MH-PT-24 8.88 117.00 18.90 112.03 13.33 99.93 3.92 99.78

58 MH-PT-25 10.06 132.54 21.68 128.51 15.95 119.57 6.61 168.23

59 MH-PT-26 8.83 116.34 21.70 128.63 16.25 121.81 6.95 176.85

60 MH-PT-27 8.01 105.53 19.46 115.35 14.70 110.19 5.27 134.04
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(C) Neem germplasm evaluation trial planted 
in the year 2006

A total 21 progenies including check were 
established in July, 2006.  Data were recorded on 
tree height and basal diameter. Significant 
variation among the progenies (Table 20) was 
observed. Plant height ranged from 4.85-6.15 m 
with mean of 5.36 m and basal diameter ranged

from 12.24 – 17.27 cm with population mean of 
14.28 cm. Maximum height was attended by CPT-
27 collected from Satana followed by CPT-26 
collected from Chhatarpur, (M.P.). Most of the 
progenies were taller than control. Based on mean, 
only seven progenies were superior than local. 
These are CPT-4, CPT-10, CPT-15, CPT-23, CPT-
26, CPT-27 and CPT -29.

Table 20: Mean plant height and basal diameter of neem progenies at the age of 4.5 years

Nursery No. Progeny Plant height Basal diameter

Mean (m) % of Jhansi Mean(cm) % of Jhansi

CPT-3 Fatepur 5.45 105.01 13.27 90.83

CPT-4 Fatepur 5.48 105.49 16.47 112.70

CPT-5 Fatepur 5.35 103.08 13.92 95.24

CPT-7 Koushambi 5.47 105.30 14.14 96.75

CPT-8 Allahabad 5.23 100.77 14.31 97.91

CPT-9 Allahabad 5.20 100.10 14.13 96.68

CPT-10 Allahabad 5.12 98.65 14.94 102.26

CPT-11 Pratapgargh 5.49 105.68 13.49 92.30

CPT-15 Faizabad 5.41 104.14 14.98 102.50

CPT-18 Faizabad 5.39 103.76 12.57 86.00

CPT-19 Barabanki 5.09 97.98 13.72 93.87

CPT-20 Barabanki 5.39 103.85 13.77 94.22

CPT-21 Barabanki 4.85 93.45 12.24 83.74

CPT-22 Barabanki 5.37 103.47 14.04 96.06

CPT-23 Unnao 5.37 103.47 15.52 106.23

CPT-24 Unnao 5.26 101.25 13.47 92.16

CPT-26 Chattarpur 5.94* 114.45 17.27 118.17

CPT-27 Satana 6.15* 118.40 15.38 105.24

CPT-28 Damoh 5.08 97.78 12.93 88.47

CPT-29 Jabalpur 5.34 102.79 14.72 100.72

CPT-30 Jhansi 5.19 99.90 14.61 99.97

Mean --- 5.36 --- 14.28 ---

Minimum --- 4.85 --- 12.24 ---

Maximum --- 6.15 --- 17.27 ---

S Em ± --- 0.25 --- 1.12 ---

CD (5%) --- 0.723 --- 3.30 —

(D) Performance of selected neem trees for oil 
and azadirachtin content

Azadirachtin A & B and oil were estimated in 35 
selected trees which had high azadirachtin (A+B) in 
some of the previous years. Azadirachtin (A+B) 
content this year was extremely low with population 
mean of 0.129 % against the average of 0.244% of 
last 9 years. It might be due to very high temperature 
and low soil moisture during summer season. There 
were eight trees which had 30% higher azadirachtin 
than population mean. Very high influence of 
environment on azadirachtin content make 
extremely difficult to identify stable high 
azadirachtin trees in neem. Oil content on kernel 
basis ranged from 36.47–51.27 %. There were 
seven trees which had 30% higher oil content than 
population mean. It was observed that oil content is 
not much influenced by atmospheric temperature 
and humidity. One tree has been identified which 
has more than 50% oil content on kernel basis 
continuously for last five years. 

(E) Performance of promising progenies across 
the locations for  oil  content and 
azadirachtin content

First multi-location trial of 10 improved progenies 
along with local material of neem was establishes in 
three locations viz. SDAU, S.K. Nagar (Gujarat); 
ANGRAU, Hyderabad (Andhra Pradesh); MPKV, 
Rahuri (Maharashtra) in 2004. Azadirachtin (A+B) 
and oil content on kernel basis were estimated in all 
the progenies and local material of all the three 
places and mother trees present in Jhansi. Progeny 
115 was outstanding for azadirachtin at all four 
locations. Superiority over local in terms of 
percentage was 9% at S.K. Nagar (0.4635% on 
kernel basis), 8% at Hyderabad (0.5342%), 58% at 
Rahuri (0.6759%) and 83% at Jhansi (0.166%). 
Overall superiority was 27.50%. These results 
indicate that there is a good scope to release progeny 
115 for high azadirachtin content (highly valuable 
bio-insecticide) in these states. Similarly for oil 
content, progeny 118 showed superiority of 12% at 
S.K. Nagar, 4% at Hyderabad and 21% at Rahuri 
with overall superiority of 9%. Based on population 
mean, climatic conditions of Hyderabad and Rahuri 
favour high azadirachtin in neem fruits.

AF 04.1B: Exploration,  Evaluation and 

Conservation of Germplasm of 

Acacia nilotica spp. indica

 (S P Ahlawat, VK Gupta, R V Kumar and B 

Alam)

Plus Tree Progeny Trial (Established in 2004)

Data on survival and growth parameters viz. tree 

height, clean bole, basal diameter, stem diameter at 

mid of clean bole, stem diameter at top of clean 

bole, canopy diameter and number of primary 

branches of 22 plus tree progenies collected from 

U.P., M.P., Chattishgarh and Maharashtra were 

recorded during December, 2010. During report 

period the survival rate was 83.84 per cent. 

Significant differences (p=0.05 level) between all 

the progenies for all traits except for clean bole and 

number of primary branches were recorded. 

Average tree height of the progeny was 609.16 cm 

ranging from 522.25 cm (PT-19) to 661 cm (PT-12). 

Mean annual increment (MAI) in tree height was 

93.71 cm. Average clean bole was 166.04 cm and it 

ranged from 133.27 to 202.33 cm for PT-19 and PT-

14, respectively. Average basal diameter was 

132.27mm and varied from 133.27 (PT-22) 

to149.40 mm (PT-14). MAI in basal diameter was 

20.34 mm. Average stem diameter at mid of clean 

bole was 113.80 mm and at top of clean bole was 

105.78 mm. Average canopy diameter was 384.48 

cm and  ranged between 307.25 cm in PT-19 to 

472.97 cm in PT-12. Average numbers of primary 

branches were 3.5branches/tree. Significantly high 

positive correlations (p=0.01 level) were found 

between all the traits with each other except with 

clean bole. 

A comparison of growth performance of 

individual plus tree progeny with the population 

mean of tree height, clean bole, basal diameter, 

stem diameter at top of clean bole and canopy 

diameter revealed that the progenies of 8 plus trees 

(PT no. 1, 2, 4, 12, 14, 15, 16 and 18) are 

performing well (Table 21). Flowering and 

fruiting was recorded in all the trees. 

  



 

 

2928

(C) Neem germplasm evaluation trial planted 
in the year 2006

A total 21 progenies including check were 
established in July, 2006.  Data were recorded on 
tree height and basal diameter. Significant 
variation among the progenies (Table 20) was 
observed. Plant height ranged from 4.85-6.15 m 
with mean of 5.36 m and basal diameter ranged

from 12.24 – 17.27 cm with population mean of 
14.28 cm. Maximum height was attended by CPT-
27 collected from Satana followed by CPT-26 
collected from Chhatarpur, (M.P.). Most of the 
progenies were taller than control. Based on mean, 
only seven progenies were superior than local. 
These are CPT-4, CPT-10, CPT-15, CPT-23, CPT-
26, CPT-27 and CPT -29.

Table 20: Mean plant height and basal diameter of neem progenies at the age of 4.5 years

Nursery No. Progeny Plant height Basal diameter

Mean (m) % of Jhansi Mean(cm) % of Jhansi

CPT-3 Fatepur 5.45 105.01 13.27 90.83

CPT-4 Fatepur 5.48 105.49 16.47 112.70

CPT-5 Fatepur 5.35 103.08 13.92 95.24

CPT-7 Koushambi 5.47 105.30 14.14 96.75

CPT-8 Allahabad 5.23 100.77 14.31 97.91

CPT-9 Allahabad 5.20 100.10 14.13 96.68

CPT-10 Allahabad 5.12 98.65 14.94 102.26

CPT-11 Pratapgargh 5.49 105.68 13.49 92.30

CPT-15 Faizabad 5.41 104.14 14.98 102.50

CPT-18 Faizabad 5.39 103.76 12.57 86.00

CPT-19 Barabanki 5.09 97.98 13.72 93.87

CPT-20 Barabanki 5.39 103.85 13.77 94.22

CPT-21 Barabanki 4.85 93.45 12.24 83.74

CPT-22 Barabanki 5.37 103.47 14.04 96.06

CPT-23 Unnao 5.37 103.47 15.52 106.23

CPT-24 Unnao 5.26 101.25 13.47 92.16

CPT-26 Chattarpur 5.94* 114.45 17.27 118.17

CPT-27 Satana 6.15* 118.40 15.38 105.24

CPT-28 Damoh 5.08 97.78 12.93 88.47

CPT-29 Jabalpur 5.34 102.79 14.72 100.72

CPT-30 Jhansi 5.19 99.90 14.61 99.97

Mean --- 5.36 --- 14.28 ---

Minimum --- 4.85 --- 12.24 ---

Maximum --- 6.15 --- 17.27 ---

S Em ± --- 0.25 --- 1.12 ---

CD (5%) --- 0.723 --- 3.30 —

(D) Performance of selected neem trees for oil 
and azadirachtin content

Azadirachtin A & B and oil were estimated in 35 
selected trees which had high azadirachtin (A+B) in 
some of the previous years. Azadirachtin (A+B) 
content this year was extremely low with population 
mean of 0.129 % against the average of 0.244% of 
last 9 years. It might be due to very high temperature 
and low soil moisture during summer season. There 
were eight trees which had 30% higher azadirachtin 
than population mean. Very high influence of 
environment on azadirachtin content make 
extremely difficult to identify stable high 
azadirachtin trees in neem. Oil content on kernel 
basis ranged from 36.47–51.27 %. There were 
seven trees which had 30% higher oil content than 
population mean. It was observed that oil content is 
not much influenced by atmospheric temperature 
and humidity. One tree has been identified which 
has more than 50% oil content on kernel basis 
continuously for last five years. 

(E) Performance of promising progenies across 
the locations for  oil  content and 
azadirachtin content

First multi-location trial of 10 improved progenies 
along with local material of neem was establishes in 
three locations viz. SDAU, S.K. Nagar (Gujarat); 
ANGRAU, Hyderabad (Andhra Pradesh); MPKV, 
Rahuri (Maharashtra) in 2004. Azadirachtin (A+B) 
and oil content on kernel basis were estimated in all 
the progenies and local material of all the three 
places and mother trees present in Jhansi. Progeny 
115 was outstanding for azadirachtin at all four 
locations. Superiority over local in terms of 
percentage was 9% at S.K. Nagar (0.4635% on 
kernel basis), 8% at Hyderabad (0.5342%), 58% at 
Rahuri (0.6759%) and 83% at Jhansi (0.166%). 
Overall superiority was 27.50%. These results 
indicate that there is a good scope to release progeny 
115 for high azadirachtin content (highly valuable 
bio-insecticide) in these states. Similarly for oil 
content, progeny 118 showed superiority of 12% at 
S.K. Nagar, 4% at Hyderabad and 21% at Rahuri 
with overall superiority of 9%. Based on population 
mean, climatic conditions of Hyderabad and Rahuri 
favour high azadirachtin in neem fruits.

AF 04.1B: Exploration,  Evaluation and 

Conservation of Germplasm of 

Acacia nilotica spp. indica

 (S P Ahlawat, VK Gupta, R V Kumar and B 

Alam)

Plus Tree Progeny Trial (Established in 2004)

Data on survival and growth parameters viz. tree 

height, clean bole, basal diameter, stem diameter at 

mid of clean bole, stem diameter at top of clean 

bole, canopy diameter and number of primary 

branches of 22 plus tree progenies collected from 

U.P., M.P., Chattishgarh and Maharashtra were 

recorded during December, 2010. During report 

period the survival rate was 83.84 per cent. 

Significant differences (p=0.05 level) between all 

the progenies for all traits except for clean bole and 

number of primary branches were recorded. 

Average tree height of the progeny was 609.16 cm 

ranging from 522.25 cm (PT-19) to 661 cm (PT-12). 

Mean annual increment (MAI) in tree height was 

93.71 cm. Average clean bole was 166.04 cm and it 

ranged from 133.27 to 202.33 cm for PT-19 and PT-

14, respectively. Average basal diameter was 

132.27mm and varied from 133.27 (PT-22) 

to149.40 mm (PT-14). MAI in basal diameter was 

20.34 mm. Average stem diameter at mid of clean 

bole was 113.80 mm and at top of clean bole was 

105.78 mm. Average canopy diameter was 384.48 

cm and  ranged between 307.25 cm in PT-19 to 

472.97 cm in PT-12. Average numbers of primary 

branches were 3.5branches/tree. Significantly high 

positive correlations (p=0.01 level) were found 

between all the traits with each other except with 

clean bole. 

A comparison of growth performance of 

individual plus tree progeny with the population 

mean of tree height, clean bole, basal diameter, 

stem diameter at top of clean bole and canopy 

diameter revealed that the progenies of 8 plus trees 

(PT no. 1, 2, 4, 12, 14, 15, 16 and 18) are 

performing well (Table 21). Flowering and 

fruiting was recorded in all the trees. 
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Table 22: Growth performance of promising provenances at age of 6.5 years

Plus tree progeny Tree height Basal diameter Canopy diameter

Mean Superiority Mean Superiority Mean Superiority
(cm) over mean (mm) over mean (mm) over mean

(%) (%) (%)

Shajapur 567.83 12.70 128.79 9.49 500.53 7.37

Mandla 521.27 3.46 129.37 9.98 501.77 7.64

Wardha 545.08 8.18 130.89 11.27 496.93 6.60

Coimbatore 542.23 7.62 122.67 4.28 542.35 16.34

Khandwa 529.64 5.12 117.7 0.06 487.93 4.67

Population Mean 503.84 117.63 466.17

Plus Tree Progeny Trial (Established in 2006)

Half-sib progenies of 11 plus trees collected from 
M.P., Rajasthan and Haryana showed 90.15 per cent 
survival. Average tree height of the population was 
497.12 cm, clean bole ranged from a minimum of 
124.83 cm in PT-29 to the maximum of 188.22 cm in 
PT-25. Average clean bole 153.26 cm, basal 
diameter 83.79 mm, bole diameter at top of clean 
bole 63.20 mm, canopy diameter 319.56 cm and 
number of primary branches per tree 2.47 were 
recorded. Positive and significant correlations 
(p=0.01 percent) were observed between the traits 
of tree height, basal diameter, bole diameter and 
canopy diameter.  Number of primary branches and 
clean bole showed non-significant correlation with 
all other traits. Among all the progenies, PT- 25, PT-
30, PT-27 and PT-28 from Dabra, Pipalkee (Dausa), 
Bharatpur and Dausa, are found promising. 

Provenance Progeny Trial (Established in 2004)

The growth performance, variability and character 
associations of 20 provenance progenies at the age 
of 6.5 years was planted during July, 2004, 
following randomized block design. Each genotype 
had 5 trees/replication and three replications. Data 
on survival and growth parameters viz. tree height, 
clean bole, basal diameter, stem diameter at mid of 
clean bole, stem diameter at top of clean bole, 
canopy diameter and number of primary branches 
of 20 provenances were recorded during December, 
2010. Significant differences (p>0.05) between 
provenances for tree height, basal diameter, stem

 

diameter at mid of clean bole, stem diameter at top 
of clean bole and canopy diameter were recorded. 
Clean bole and number of primary branches also 
differed significantly among the provenances at 
0.5% level. Average height of the population was 
503.84cm and mean annual increment in tree height 
77.51 cm. Maximum height (567.73cm) was 
recorded in Shajapur provenance (table 22). Clean 
bole ranged from 115.77 to 158.0 cm with average 
135.52 cm. Mean basal diameter was 117.63 mm 
with MAI in basal diameter 18.09 mm. Average 
stem diameter at mid of clean bole was 105.77 mm. 
Stem diameter at top of clean bole was 98.01 mm 
and varied from 87.74mm (Indore) to 113.62 mm 
(Shajapur). Average canopy diameter was 
466.17cm and MAI in canopy diameter was 71.72 
cm (Table 22). Average number of primary branches 
was 3.44 branches/tree. Except clean bole, all the 
traits viz. tree height, basal diameter, stem diameter 
at top of clean bole, canopy diameter and number of 
primary branches had positive and significantly 
high correlations with each other (p>0.01). Non-
significant and negative correlation was found 
between clean bole and number of primary branches 
and stem diameter. Flowering and fruiting was 
recorded in almost all trees. Based on overall 
performance Shajapur, Mandla, Wardha, 
Coimbatore and Khandwa provenances are found 
promising. Out of the 20, six provenances had 
higher tree height, clean bole, basal diameter, bole 
diameter and canopy diameter more than population 
mean.

 

AF 04.5:Genetics and Breeding of Jatropha 
species

(S P Ahlawat, V K Gupta, R V Kumar and D 
R Palsaniya)

Plus tree progeny trial I (Aug. 2004) 

Different accessions of J. curcas collected from 
Uttar Pradesh, Madhya Pradesh, Gujarat, 
Rajasthan, Maharashtra, Andhra Pradesh and 
Chhatisgarh were planted in the field in August, 
2004 for evaluation of different morphological 
traits as well as for seed yield and oil content. A total 
of 27 accessions were planted in the field following 
randomized block design in three replications. 
Initially the spacing between plant to plant and row 
to row was kept 2m, but due to overcrowding 
alternative plant was uprooted in February, 2008 
hence line to line distance increased to 4 m. Further, 
in Feb.-March, 2008 plants were pruned at the 
height of 80 cm from the ground level.  At the age of 
six years all these accessions were recorded for 
different morphological parameters as well as for 
seed yield and oil content. 

Plant Height: All the accessions were significantly 
different among themselves for plant height. 
Average plant height was 2.57m ranging between 
2.27 m (NRCJ-22) to 2.79 m (NRCJ-9). A total of 12 
accessions were recorded above the population 
mean for plant height (2.57 m). 

Collar Girth: All the accessions were significantly 
different among themselves for Collar girth with 
mean of 51.48 cm. Collar girth ranged from a 
minimum of 37.00 cm (NRCJ-22) to a maximum of 
64.00 cm (NRCJ-27). 

 

Number of Primary Branches: Mean number of 
primary branches was 5.77 per plant. Number of 
primary branches ranged from 4.64 (NRCJ-16) to 
6.54 (NRCJ-8). Out of 27 accessions, twelve 
accessions were recorded for number of primary 
b r a n c h e s  a b o v e  t h e  p o p u l a t i o n  m e a n  
(5.77).However, the differences were non 
significant.

Number of Secondary Branches: Number of 
secondary branches per plant showed large and 
significant variation among the accessions. Mean 
number of secondary branches was 36.66 per plant. 
Twelve accessions recorded number of secondary 
branches above the population mean (36.66). 

Branch Length: All the accessions were 
significantly different among themselves for the 
character branch length. Average branch length was 
2.41m. A total of 12 accessions recorded above the 
population mean for branch length (2.41m). The 
accession NRCJ-9 recorded highest branch length 
(2.73 m). 

Canopy Diameter: All the accessions differed 
significantly (p> 0.01 level) for canopy diameter. 
Mean canopy diameter was 2.38 m. The accession 
NRCJ-8 recorded for highest canopy diameter 
(2.58).

Fruit Length: All the accessions differed 
significantly (p> 0.05 level) for fruit length.  
Average fruit length was 25.34 mm. A total of 11 
accessions were recorded above the population 
mean for fruit length. The accession NRCJ-22 
recorded highest fruit length (27.11).

Fruit Width: All the accessions differed 
significantly (p> 0.0i level) for fruit width.  Average 

 

Table 21: Growth performance of promising plus trees progenies at the age of 6.5 years
Plus tree progeny Tree height Clean bole Basal diameter Canopy diameter

Mean Superiority Mean Superiority Mean Superiority Mean Superiority  
(cm) over mean (cm) over mean (mm) over mean (cm) over mean

(%) (%) (%) (%)

PT-2 658.13 8.04 179.00 7.81 179.00 35.33 409.34 6.47

PT-1 647.33 6.27 169.67 2.19 169.67 28.28 466.13 21.24

PT-12 661.00 8.51 172.87 4.11 146.54 10.79 472.97 23.02

PT-16 651.38 6.93 184.77 11.28 150.92 14.10 432.96 12.61

PT-14 649.33 6.59 202.33 21.86 149.40 12.95 413.25 7.48

Population Mean 609.16 - 166.04 - 132.27 - 384.48 -
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Table 22: Growth performance of promising provenances at age of 6.5 years

Plus tree progeny Tree height Basal diameter Canopy diameter

Mean Superiority Mean Superiority Mean Superiority
(cm) over mean (mm) over mean (mm) over mean

(%) (%) (%)

Shajapur 567.83 12.70 128.79 9.49 500.53 7.37

Mandla 521.27 3.46 129.37 9.98 501.77 7.64

Wardha 545.08 8.18 130.89 11.27 496.93 6.60

Coimbatore 542.23 7.62 122.67 4.28 542.35 16.34

Khandwa 529.64 5.12 117.7 0.06 487.93 4.67

Population Mean 503.84 117.63 466.17

Plus Tree Progeny Trial (Established in 2006)

Half-sib progenies of 11 plus trees collected from 
M.P., Rajasthan and Haryana showed 90.15 per cent 
survival. Average tree height of the population was 
497.12 cm, clean bole ranged from a minimum of 
124.83 cm in PT-29 to the maximum of 188.22 cm in 
PT-25. Average clean bole 153.26 cm, basal 
diameter 83.79 mm, bole diameter at top of clean 
bole 63.20 mm, canopy diameter 319.56 cm and 
number of primary branches per tree 2.47 were 
recorded. Positive and significant correlations 
(p=0.01 percent) were observed between the traits 
of tree height, basal diameter, bole diameter and 
canopy diameter.  Number of primary branches and 
clean bole showed non-significant correlation with 
all other traits. Among all the progenies, PT- 25, PT-
30, PT-27 and PT-28 from Dabra, Pipalkee (Dausa), 
Bharatpur and Dausa, are found promising. 

Provenance Progeny Trial (Established in 2004)

The growth performance, variability and character 
associations of 20 provenance progenies at the age 
of 6.5 years was planted during July, 2004, 
following randomized block design. Each genotype 
had 5 trees/replication and three replications. Data 
on survival and growth parameters viz. tree height, 
clean bole, basal diameter, stem diameter at mid of 
clean bole, stem diameter at top of clean bole, 
canopy diameter and number of primary branches 
of 20 provenances were recorded during December, 
2010. Significant differences (p>0.05) between 
provenances for tree height, basal diameter, stem

 

diameter at mid of clean bole, stem diameter at top 
of clean bole and canopy diameter were recorded. 
Clean bole and number of primary branches also 
differed significantly among the provenances at 
0.5% level. Average height of the population was 
503.84cm and mean annual increment in tree height 
77.51 cm. Maximum height (567.73cm) was 
recorded in Shajapur provenance (table 22). Clean 
bole ranged from 115.77 to 158.0 cm with average 
135.52 cm. Mean basal diameter was 117.63 mm 
with MAI in basal diameter 18.09 mm. Average 
stem diameter at mid of clean bole was 105.77 mm. 
Stem diameter at top of clean bole was 98.01 mm 
and varied from 87.74mm (Indore) to 113.62 mm 
(Shajapur). Average canopy diameter was 
466.17cm and MAI in canopy diameter was 71.72 
cm (Table 22). Average number of primary branches 
was 3.44 branches/tree. Except clean bole, all the 
traits viz. tree height, basal diameter, stem diameter 
at top of clean bole, canopy diameter and number of 
primary branches had positive and significantly 
high correlations with each other (p>0.01). Non-
significant and negative correlation was found 
between clean bole and number of primary branches 
and stem diameter. Flowering and fruiting was 
recorded in almost all trees. Based on overall 
performance Shajapur, Mandla, Wardha, 
Coimbatore and Khandwa provenances are found 
promising. Out of the 20, six provenances had 
higher tree height, clean bole, basal diameter, bole 
diameter and canopy diameter more than population 
mean.

 

AF 04.5:Genetics and Breeding of Jatropha 
species

(S P Ahlawat, V K Gupta, R V Kumar and D 
R Palsaniya)

Plus tree progeny trial I (Aug. 2004) 

Different accessions of J. curcas collected from 
Uttar Pradesh, Madhya Pradesh, Gujarat, 
Rajasthan, Maharashtra, Andhra Pradesh and 
Chhatisgarh were planted in the field in August, 
2004 for evaluation of different morphological 
traits as well as for seed yield and oil content. A total 
of 27 accessions were planted in the field following 
randomized block design in three replications. 
Initially the spacing between plant to plant and row 
to row was kept 2m, but due to overcrowding 
alternative plant was uprooted in February, 2008 
hence line to line distance increased to 4 m. Further, 
in Feb.-March, 2008 plants were pruned at the 
height of 80 cm from the ground level.  At the age of 
six years all these accessions were recorded for 
different morphological parameters as well as for 
seed yield and oil content. 

Plant Height: All the accessions were significantly 
different among themselves for plant height. 
Average plant height was 2.57m ranging between 
2.27 m (NRCJ-22) to 2.79 m (NRCJ-9). A total of 12 
accessions were recorded above the population 
mean for plant height (2.57 m). 

Collar Girth: All the accessions were significantly 
different among themselves for Collar girth with 
mean of 51.48 cm. Collar girth ranged from a 
minimum of 37.00 cm (NRCJ-22) to a maximum of 
64.00 cm (NRCJ-27). 

 

Number of Primary Branches: Mean number of 
primary branches was 5.77 per plant. Number of 
primary branches ranged from 4.64 (NRCJ-16) to 
6.54 (NRCJ-8). Out of 27 accessions, twelve 
accessions were recorded for number of primary 
b r a n c h e s  a b o v e  t h e  p o p u l a t i o n  m e a n  
(5.77).However, the differences were non 
significant.

Number of Secondary Branches: Number of 
secondary branches per plant showed large and 
significant variation among the accessions. Mean 
number of secondary branches was 36.66 per plant. 
Twelve accessions recorded number of secondary 
branches above the population mean (36.66). 

Branch Length: All the accessions were 
significantly different among themselves for the 
character branch length. Average branch length was 
2.41m. A total of 12 accessions recorded above the 
population mean for branch length (2.41m). The 
accession NRCJ-9 recorded highest branch length 
(2.73 m). 

Canopy Diameter: All the accessions differed 
significantly (p> 0.01 level) for canopy diameter. 
Mean canopy diameter was 2.38 m. The accession 
NRCJ-8 recorded for highest canopy diameter 
(2.58).

Fruit Length: All the accessions differed 
significantly (p> 0.05 level) for fruit length.  
Average fruit length was 25.34 mm. A total of 11 
accessions were recorded above the population 
mean for fruit length. The accession NRCJ-22 
recorded highest fruit length (27.11).

Fruit Width: All the accessions differed 
significantly (p> 0.0i level) for fruit width.  Average 

 

Table 21: Growth performance of promising plus trees progenies at the age of 6.5 years
Plus tree progeny Tree height Clean bole Basal diameter Canopy diameter

Mean Superiority Mean Superiority Mean Superiority Mean Superiority  
(cm) over mean (cm) over mean (mm) over mean (cm) over mean

(%) (%) (%) (%)

PT-2 658.13 8.04 179.00 7.81 179.00 35.33 409.34 6.47

PT-1 647.33 6.27 169.67 2.19 169.67 28.28 466.13 21.24

PT-12 661.00 8.51 172.87 4.11 146.54 10.79 472.97 23.02

PT-16 651.38 6.93 184.77 11.28 150.92 14.10 432.96 12.61

PT-14 649.33 6.59 202.33 21.86 149.40 12.95 413.25 7.48

Population Mean 609.16 - 166.04 - 132.27 - 384.48 -
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fruit width was 20.25 mm. A total of 15 accessions 
were recorded above the population mean for fruit 
width. The accession NRCJ-22 recorded highest 
fruit width (22.51mm).

Fruit Weight: Average fruit weight was 
23.30g/tree.  Fruit weight ranged between 20.92g 
(NRCJ-21) to 25.15 g/tree (NRCJ-26). A total of 12 
accessions were recorded above the population 
mean for fruit weight (23.30 g). The accession 
NRCJ-26 recorded highest fruit weight (25.15g).

Fruit Yield: Average fruit yield/tree was 213.76 g 
ranging from 40.0 g (NRCJ-22) to 315.0 g (NRCJ-
3). A total of 11 accessions were recorded above the 
population mean for fruit yield (213.76 g). 

Seed Length: Average seed length was 17.58 mm. 
It ranged from 16.61 mm (NRCJ-27) to 17.96 mm 
(NRCJ-26). A total of 14 accessions were recorded 
above the population mean for seed length (17.58 
mm). 

Seed Width: Average seed width was 11.05 mm. 
Seed width ranged from 10.80 mm (NRCJ-16) to 
11.26 mm (NRCJ-2). A total of 16 accessions were 
recorded above the population mean (11.05 mm). 

Seed Thickness: Average seed thickness was 8.37 
mm. Seed thickness ranged from 7.92 mm (NRCJ-
27) to 9.17 mm (NRCJ-4). A total of 16 accessions 
were recorded above the population mean for seed 
thickness (8.37 mm). 

Seed Weight: Average seed weight was 54.55g 
ranging between 47.14 g (NRCJ-14) to 59.94 g 
(NRCJ-9). A total of 13 accessions recorded above 
the population mean for seed weight (54.55 g). 

Seed Yield: Average seed yield was 123.44g.  It 
ranged from 20.0g (NRCJ-22) to 179.17 g (NRCJ-
3). A total of 12 accessions recorded above the 
population mean for seed yield (123.44 gm). 

Character Association: All parameters of 27 
accessions were assessed for correlation coefficient. 
Seed yield had significantly positive correlations 
(p>0.001 level) with all the traits except Collar 
Diameter, no. of branches, fruit length, seed length 
and width. Similarly, fruit yield also had 
significantly positive correlation with all the traits 
except Collar Diameter, no. of branches, fruit 
length, seed length and width. Seed weight was 
positively correlated with fruit weight.

Potential Genotypes: A large variation was 
recorded in total seed yield on individual plant basis 

with in the accession. Based on average seed yield 
the accession number NRCJ-3, NRCJ-25, NRCJ-
24, NRCJ-6, NRCJ-23 and NRCJ-18 are found 
potential genotypes.

B.   Evaluation of Intra-specific Hybrids

Fortyfive different intraspecific crosses of J. curcas 
were established in July, 2006. The crosses were 
made in half-diallel method using ten best parents. 
Progeny of all the 45 crosses along with 10 parents 
were planted at the spacing of 4x4m under 
Agroforestry system.

A.   Performance of Hybrids

Plant Height: All the crosses differed significantly 
among themselves for plant height.  Average plant 
height was 2.58 m ranging between 2.03m (NRCJ-
39) to 2.88 m (NRCJ-42). A total of 26 crosses were 
recorded above the population mean for plant height 
(2.58 m). 

Collar Girth: Average Collar girth was 74.67 cm 
ranging between 52.50 cm (NRCJ-40) to 86.27cm 
(NRCJ-18). 21 crosses recorded Collar girth above 
the population mean (74.67 cm). 

Number of Primary Branches: The crosses were 
not significantly different for this character. 
Number of primary branches ranged from 4.38 
(NRCJ-39) to 14.60 (NRCJ-38). 

Number of Secondary Branches: All the crosses 
differed significantly among themselves for this 
character. Average number of secondary branches 
was 99.06 per plant. The cross NRCJ-13 was 
recorded for highest number of secondary branches 
(128). 

Branch Length: All the crosses differed 
significantly among themselves for the character 
branch length. Average branch length was 2.44 m. 
The cross NRCJ-42 recorded highest branch length 
(2.75).

Canopy Diameter: Similarly, canopy diameter 
differed significantly among them. Average canopy 
diameter was 3.33m. Canopy diameter ranged from 
a minimum of 2.42 m (NRCJ-20) to a maximum of 
3.88 m (NRCJ-9). 

Fruit Length: The crosses differed significantly 
among themselves. Average fruit length was 27.29 
mm. Fruit length ranged from a minimum of 25.22 
mm (NRCJ-35) to a maximum of 28.80 mm (NRCJ-
21). 

Fruit Width: Fruit width showed significant 
differences in all crosses. Average fruit width was 
20.96 mm and ranged between 19.96 mm (NRCJ-
29) to 21.60 mm (NRCJ-36). 

Fruit Weight: All the crosses were evaluated for 
fruit weight. All crosses differed significantly 
among themselves in fruit weight. Average fruit 
weight was 24.36 g. It ranged from 22.05 g (NRCJ-
12) to 26.22g (NRCJ-23). 

Fruit Yield: All crosses differed significantly 
among themselves for this character. Average fruit 
yield was 573.22 g.  It ranged from 256 g (NRCJ-2) 
to 1149 g (NRCJ-15). A total of 22 crosses had fruit 
yield above the population mean (573.22 g). 

Seed Length: Average seed length was 17.7 mm. 
Seed length ranged from a minimum of 17.16 mm 
(NRCJ-29) to a maximum of 18.17 mm (NRCJ-33). 
A total of 20 crosses had seed length above the 
population mean (17.70 mm). 

Seed Width: Average seed width was 11.08 mm. It 
ranged from 10.75 mm (NRCJ-20) to 11.31 mm 
(NRCJ-14). A total of 18 crosses were recorded 
above the population mean for seed width (11.08 
mm). 

Seed Thickness: Average seed thickness was 8.36 
mm. It ranged from a minimum of 8.06 mm (NRCJ-
3) to a maximum of 8.76 mm (NRCJ-45). A total of 
23 crosses were recorded above the population 
mean for seed thickness (8.36 mm). 

Seed Weight: All crosses differed significantly in 
seed weight among themselves. Average seed 
weight was 54.82 g. It ranged from 48.28 g (NRCJ-
12) to 60.6 g (NRCJ-10). A total of 23 crosses had 
seed weight above the population mean (54.82 g). 

Seed Yield: All crosses differed significantly in 
seed yield. Aerage seed yield was 328.22g.  Seed 
yield ranged from 148.13 g (NRCJ-30) to 670.45 g 
(NRCJ-15). A total of 22 crosses had seed yield 
above the population mean (328.22 g). 

Character Association: All the parameters of 
crosses were assessed for correlation coefficient. 
Seed yield had positive and significantly high 
correlations (p>0.001 level) with all the traits except 
fruit and seed size. Hence, all the morphological 
traits have contributed in fruit and seed yield. Fruit 
weight had significantly high positive association 
with fruit length and width; seed width and weight 
only. Hundred seed weight had significantly high 

positive association with all the traits except fruit 
width and seed thickness.

Potential Genotypes: A large variation was 
recorded in total seed yield among crosses and 
within the cross, which can be attributed to the 
heterozygosity of the source material. Based on the 
average seed yield cross no. NRCJ-15, NRCJ-44, 
NRCJ-18, NRCJ-14, NRCJ-45 and NRCJ-25 have 
been identified as potential genotypes. 

B.   Performance of Parents

Plant Height: A wide range of variation was 
observed in the plant height of parents. Average 
plant height was 2.53 m. Plant height ranged from 
2.33 m (NRCJ-52) to 2.82 m (NRCJ-47) (Table 23).

Collar Girth: All the parents were significantly 
different in Collar girth. Mean girth was 72.48 cm. It 
ranged from 60.18 cm (NRCJ-51) to 85.91 cm 
(NRCJ-47). Out of 10 parents, 7 parents recorded 
Collar girth above the population mean (72.48 cm). 

Number of Primary Branches: Although there 
was variation in number of primary branches but it 
was non- significant. Mean number of primary 
branches were 8.19 per plant. The parent NRCJ-47 
recorded highest number of primary branches. 

Number of Secondary Branches: Number of 
secondary branches per plant recorded significant 
variation among the parents. Mean number of 
secondary branches was 100.56 per plant. It ranged 
from 80.92 (NRCJ-52) to 135.27 (NRCJ-47). Out of 
10 parents, five parents recorded number of 
secondary branches above the population mean 
(100.56). 

Branch Length: All the parents were significantly 
different for the character branch length. Average 
branch length was 2.40 m. Branch length ranged 
from minimum of 2.16 m (NRCJ-51) to a maximum 
of 2.71 m (NRCJ-47). A total of five parents 
recorded above the population mean branch length 
(2.40 m). 

Canopy Diameter: Mean canopy diameter was 
3.20 m.  It ranged from 2.78 m (NRCJ-49) to 3.69 m 
(NRCJ-54). A total of 5 parents recorded above the 
population mean canopy diameter (3.20 m). 

Fruit length: Average fruit length was 26.35 mm. 
Fruit length ranged from 25.63 mm (NRCJ-48) to 
26.96 mm (NRCJ-54). Total 5 parents recorded 
above the population mean fruit length (26.35 mm). 
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fruit width was 20.25 mm. A total of 15 accessions 
were recorded above the population mean for fruit 
width. The accession NRCJ-22 recorded highest 
fruit width (22.51mm).

Fruit Weight: Average fruit weight was 
23.30g/tree.  Fruit weight ranged between 20.92g 
(NRCJ-21) to 25.15 g/tree (NRCJ-26). A total of 12 
accessions were recorded above the population 
mean for fruit weight (23.30 g). The accession 
NRCJ-26 recorded highest fruit weight (25.15g).

Fruit Yield: Average fruit yield/tree was 213.76 g 
ranging from 40.0 g (NRCJ-22) to 315.0 g (NRCJ-
3). A total of 11 accessions were recorded above the 
population mean for fruit yield (213.76 g). 

Seed Length: Average seed length was 17.58 mm. 
It ranged from 16.61 mm (NRCJ-27) to 17.96 mm 
(NRCJ-26). A total of 14 accessions were recorded 
above the population mean for seed length (17.58 
mm). 

Seed Width: Average seed width was 11.05 mm. 
Seed width ranged from 10.80 mm (NRCJ-16) to 
11.26 mm (NRCJ-2). A total of 16 accessions were 
recorded above the population mean (11.05 mm). 

Seed Thickness: Average seed thickness was 8.37 
mm. Seed thickness ranged from 7.92 mm (NRCJ-
27) to 9.17 mm (NRCJ-4). A total of 16 accessions 
were recorded above the population mean for seed 
thickness (8.37 mm). 

Seed Weight: Average seed weight was 54.55g 
ranging between 47.14 g (NRCJ-14) to 59.94 g 
(NRCJ-9). A total of 13 accessions recorded above 
the population mean for seed weight (54.55 g). 

Seed Yield: Average seed yield was 123.44g.  It 
ranged from 20.0g (NRCJ-22) to 179.17 g (NRCJ-
3). A total of 12 accessions recorded above the 
population mean for seed yield (123.44 gm). 

Character Association: All parameters of 27 
accessions were assessed for correlation coefficient. 
Seed yield had significantly positive correlations 
(p>0.001 level) with all the traits except Collar 
Diameter, no. of branches, fruit length, seed length 
and width. Similarly, fruit yield also had 
significantly positive correlation with all the traits 
except Collar Diameter, no. of branches, fruit 
length, seed length and width. Seed weight was 
positively correlated with fruit weight.

Potential Genotypes: A large variation was 
recorded in total seed yield on individual plant basis 

with in the accession. Based on average seed yield 
the accession number NRCJ-3, NRCJ-25, NRCJ-
24, NRCJ-6, NRCJ-23 and NRCJ-18 are found 
potential genotypes.

B.   Evaluation of Intra-specific Hybrids

Fortyfive different intraspecific crosses of J. curcas 
were established in July, 2006. The crosses were 
made in half-diallel method using ten best parents. 
Progeny of all the 45 crosses along with 10 parents 
were planted at the spacing of 4x4m under 
Agroforestry system.

A.   Performance of Hybrids

Plant Height: All the crosses differed significantly 
among themselves for plant height.  Average plant 
height was 2.58 m ranging between 2.03m (NRCJ-
39) to 2.88 m (NRCJ-42). A total of 26 crosses were 
recorded above the population mean for plant height 
(2.58 m). 

Collar Girth: Average Collar girth was 74.67 cm 
ranging between 52.50 cm (NRCJ-40) to 86.27cm 
(NRCJ-18). 21 crosses recorded Collar girth above 
the population mean (74.67 cm). 

Number of Primary Branches: The crosses were 
not significantly different for this character. 
Number of primary branches ranged from 4.38 
(NRCJ-39) to 14.60 (NRCJ-38). 

Number of Secondary Branches: All the crosses 
differed significantly among themselves for this 
character. Average number of secondary branches 
was 99.06 per plant. The cross NRCJ-13 was 
recorded for highest number of secondary branches 
(128). 

Branch Length: All the crosses differed 
significantly among themselves for the character 
branch length. Average branch length was 2.44 m. 
The cross NRCJ-42 recorded highest branch length 
(2.75).

Canopy Diameter: Similarly, canopy diameter 
differed significantly among them. Average canopy 
diameter was 3.33m. Canopy diameter ranged from 
a minimum of 2.42 m (NRCJ-20) to a maximum of 
3.88 m (NRCJ-9). 

Fruit Length: The crosses differed significantly 
among themselves. Average fruit length was 27.29 
mm. Fruit length ranged from a minimum of 25.22 
mm (NRCJ-35) to a maximum of 28.80 mm (NRCJ-
21). 

Fruit Width: Fruit width showed significant 
differences in all crosses. Average fruit width was 
20.96 mm and ranged between 19.96 mm (NRCJ-
29) to 21.60 mm (NRCJ-36). 

Fruit Weight: All the crosses were evaluated for 
fruit weight. All crosses differed significantly 
among themselves in fruit weight. Average fruit 
weight was 24.36 g. It ranged from 22.05 g (NRCJ-
12) to 26.22g (NRCJ-23). 

Fruit Yield: All crosses differed significantly 
among themselves for this character. Average fruit 
yield was 573.22 g.  It ranged from 256 g (NRCJ-2) 
to 1149 g (NRCJ-15). A total of 22 crosses had fruit 
yield above the population mean (573.22 g). 

Seed Length: Average seed length was 17.7 mm. 
Seed length ranged from a minimum of 17.16 mm 
(NRCJ-29) to a maximum of 18.17 mm (NRCJ-33). 
A total of 20 crosses had seed length above the 
population mean (17.70 mm). 

Seed Width: Average seed width was 11.08 mm. It 
ranged from 10.75 mm (NRCJ-20) to 11.31 mm 
(NRCJ-14). A total of 18 crosses were recorded 
above the population mean for seed width (11.08 
mm). 

Seed Thickness: Average seed thickness was 8.36 
mm. It ranged from a minimum of 8.06 mm (NRCJ-
3) to a maximum of 8.76 mm (NRCJ-45). A total of 
23 crosses were recorded above the population 
mean for seed thickness (8.36 mm). 

Seed Weight: All crosses differed significantly in 
seed weight among themselves. Average seed 
weight was 54.82 g. It ranged from 48.28 g (NRCJ-
12) to 60.6 g (NRCJ-10). A total of 23 crosses had 
seed weight above the population mean (54.82 g). 

Seed Yield: All crosses differed significantly in 
seed yield. Aerage seed yield was 328.22g.  Seed 
yield ranged from 148.13 g (NRCJ-30) to 670.45 g 
(NRCJ-15). A total of 22 crosses had seed yield 
above the population mean (328.22 g). 

Character Association: All the parameters of 
crosses were assessed for correlation coefficient. 
Seed yield had positive and significantly high 
correlations (p>0.001 level) with all the traits except 
fruit and seed size. Hence, all the morphological 
traits have contributed in fruit and seed yield. Fruit 
weight had significantly high positive association 
with fruit length and width; seed width and weight 
only. Hundred seed weight had significantly high 

positive association with all the traits except fruit 
width and seed thickness.

Potential Genotypes: A large variation was 
recorded in total seed yield among crosses and 
within the cross, which can be attributed to the 
heterozygosity of the source material. Based on the 
average seed yield cross no. NRCJ-15, NRCJ-44, 
NRCJ-18, NRCJ-14, NRCJ-45 and NRCJ-25 have 
been identified as potential genotypes. 

B.   Performance of Parents

Plant Height: A wide range of variation was 
observed in the plant height of parents. Average 
plant height was 2.53 m. Plant height ranged from 
2.33 m (NRCJ-52) to 2.82 m (NRCJ-47) (Table 23).

Collar Girth: All the parents were significantly 
different in Collar girth. Mean girth was 72.48 cm. It 
ranged from 60.18 cm (NRCJ-51) to 85.91 cm 
(NRCJ-47). Out of 10 parents, 7 parents recorded 
Collar girth above the population mean (72.48 cm). 

Number of Primary Branches: Although there 
was variation in number of primary branches but it 
was non- significant. Mean number of primary 
branches were 8.19 per plant. The parent NRCJ-47 
recorded highest number of primary branches. 

Number of Secondary Branches: Number of 
secondary branches per plant recorded significant 
variation among the parents. Mean number of 
secondary branches was 100.56 per plant. It ranged 
from 80.92 (NRCJ-52) to 135.27 (NRCJ-47). Out of 
10 parents, five parents recorded number of 
secondary branches above the population mean 
(100.56). 

Branch Length: All the parents were significantly 
different for the character branch length. Average 
branch length was 2.40 m. Branch length ranged 
from minimum of 2.16 m (NRCJ-51) to a maximum 
of 2.71 m (NRCJ-47). A total of five parents 
recorded above the population mean branch length 
(2.40 m). 

Canopy Diameter: Mean canopy diameter was 
3.20 m.  It ranged from 2.78 m (NRCJ-49) to 3.69 m 
(NRCJ-54). A total of 5 parents recorded above the 
population mean canopy diameter (3.20 m). 

Fruit length: Average fruit length was 26.35 mm. 
Fruit length ranged from 25.63 mm (NRCJ-48) to 
26.96 mm (NRCJ-54). Total 5 parents recorded 
above the population mean fruit length (26.35 mm). 
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Fruit Width: Average fruit width was 20.69 mm.  
Fruit width ranged from 20.36 mm (NRCJ-48) to of 
21.32 mm (NRCJ-51). A total of 3 parents were 
recorded above the population mean for fruit width 
(20.69 mm). 

Fruit Weight: All the parents differed significantly 
(p> 0.01 level) for fruit weight. Average fruit weight 
was 23.34 g. Fruit weight ranged from 21.94 g 
(NRCJ-48) to 25.76 g (NRCJ-51). A total of 4 
parents recorded above the population mean. 

Fruit Yield: Average fruit yield was 574.55 g. Fruit 
yield ranged from 295 g (NRCJ-52) to 867.14 g 
(NRCJ-50). A total of 3 parents recorded above the 
population mean for fruit yield (574.55 g). 

Seed length: Average seed length was 17.75 mm. It 
ranged from a minimum of 17.44 mm (NRCJ-52) to 
a maximum of 17.97 mm (NRCJ-50). A total of 6 
parents were recorded above the population mean 
for seed length.

Seed width: All the parents differed significantly 
with each other for seed width. Average seed width 
was 11 mm.  Seed width ranged from a minimum of 
10.77 mm (NRCJ-47) to a maximum of 11.18 mm 
(NRCJ-55). A total of seven parents were recorded 
above the population mean (11 mm). 

Seed thickness: Average seed thickness was 8.36 
mm. Seed thickness ranged from 8.22 mm (NRCJ-

48) to 8.56 mm (NRCJ-55). Six parents recorded 
above the population mean. 

Seed weight: All the parents differed significantly 
with each other in seed weight. Average seed weight 
was 53.75 g and ranged from 49.21 g (NRCJ-53) to 
58.99 g (NRCJ-51). Four parents recorded above 
the population mean for seed weight (53.75 g). 

Seed yield: Average seed yield was 319.14 g. It 
ranged from 171.67 g (NRCJ-52) to 492.86 g 
(NRCJ-50). Three parents had seed yield above the 
population mean. 

Character Association: All parameters of parents 
were also assessed for correlation coefficient. Seed 
yield had significantly high positive correlations 
(p>0.001 level) with all the traits except fruit and 
seed weight and size i.e. length and width. 
Similarly, fruit yield also had positive and 
significantly high correlations with all the traits 
except fruit and seed length, width and weight. 
Improvement and selection in these traits will be 
effective in increasing the yield. 

Comparative Performance of Parents and 
Hybrids: A comparison of the average seed yield of 
both population revealed that hybrids had higher 
seed yield than their parents. Seed yield was quite 
high in case of selected hybrids than their parents. 
However, much difference was not recorded in 
other traits. 

C. Performance of Wheat under Jatropha 
Cross Plantation

The crosses made from promising selections of 
Jatropha were planted at 4x4 m spacing for 
evaluation of morphological characters as well as 
for seed yield and oil content. Under this plantation, 

wheat crop was taken as intercrop. This was the 
third year of intercrop. The best parent was included 
as check. The wheat variety Lok-1 was grown with 
recommended package of practices. Five irrigations 
were provided to the crop as and when needed. In 
general, the performance of wheat in terms of 

growth, yield attributes and yield reduced under 
Agroforestry system (Table 24). The yield obtained 

-1
in sole crop of wheat was 2880 kg ha .

The performance of wheat increased significantly 
with increasing distance from the tree. The lowest 
plant population, Plant height, ear length,

grains/ear, 1000-grain weight, grain and straw yield 
were recorded at 50 cm distance from tree and 
increased progressively with the distance. 150 and 
200 cm distance treatments being at par, recorded 
significantly higher values of these attributes over 
both 50 and 100 cm distance treatments. 

AF 04.6: Age-age Correlation Model for 
Juvenile Selection of Trees in 
Agroforestry 

(R H Rizvi, V K Gupta, S P Ahlawat and Ajit)

A. nilotica 

Growth performance of A. nilotica families 
recorded at the age of 5-years is presented in Table 
25. It is evident that plants of family 14 performed 
well in terms of overall growth at this age. The mean

height of plants of this family was found to be 5.63 
m with mean annual increment of 1.04 m. Mean 
diameter at breast height (dbh) and canopy diameter 
were 6.07 cm and 3.81 m, respectively. For plants of 
family 1, mean dbh (6.42 cm) and its annual 
increment (1.11 cm) were highest. Plants of family 
11 also performed equally well as that of family 14 
with mean height and dbh of 5.36 m and 6.09 cm, 
respectively.

Table 23: Average comparative performance of parents and hybrids 

Seed Plant Collar No. of No. of Branch Canopy 
yield height diameter primary secondary length diameter 
(g) (m) (cm) branch branch (m) (m)

Hybrids 328.22 2.58 74.67 8.73 99.06 2.45 3.33

Parents 319.14 2.53 72.48 8.19 100.56 2.40 3.20

Fruit Fruit Fruit Seed Seed 10 Fruit 100 Seed 
yield length width length width weight weight 
(g) (mm) (mm) (mm) (mm) (g) (g)

Hybrids 573.22 27.29 20.96 17.70 11.08 24.36 54.82

Parents 574.55 26.35 20.69 17.75 11.00 23.34 53.75

 
Table 24: Growth and yield of wheat under Jatropha crosses based agroforestry (2009-10) 

Treatment Plant Plant Spike Grains/ Grain Straw 
population height length spike yield yield 

2 -1 -1
( /0.25m ) (cm) (cm) (kg ha ) (kg ha )

Cross-6 66.5 81.7 8.1 37.6 1930 3000

Cross-15 65.1 81.0 8.2 37.3 1900 2930

Cross-16 64.3 80.5 8.1 35.2 1845 2865

Cross-40 64.2 80.2 8.0 34.8 1800 2815

Cross-4 58.0 78.0 8.0 36.1 1790 2800

Mean 63.6 80.3 8.1 36.2 1853 2882

Sole crop 78.2 83.8 8.2 38.5 2880 3940

 
Table 25: Growth performance of A. nilotica plants of different families at the age of 5 years

Family No. Plant height (m) dbh (cm) Canopy diameter (m)

Mean CV (%) Mean CV (%) Mean CV (%)

1 5.57 (0.52) 21.6 6.42 (1.11) 38.0 3.75 25.5

2 4.95 (1.07) 13.3 4.86 (0.85) 24.1 3.55 20.2

3 5.09 (0.83) 29.2 5.36 (0.63) 33.0 3.61 21.9

4 5.02 (0.76) 25.7 6.25 (1.18) 29.9 3.79 29.8

5 5.45 (0.77) 27.7 6.05 (0.93) 27.9 3.63 16.0

6 4.27 (0.83) 22.8 4.18 (0.92) 34.2 3.18 19.3

7 4.32 (1.02) 16.5 4.06 (0.77) 34.2 3.17 23.3

8 4.78 (0.76) 24.9 5.01 (0.77) 39.5 3.36 25.8

9 5.11 (0.63) 29.5 4.87 (0.78) 44.4 3.29 23.4

10 4.36 (0.68) 21.8 5.10 (0.90) 37.2 3.20 23.4
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Fruit Width: Average fruit width was 20.69 mm.  
Fruit width ranged from 20.36 mm (NRCJ-48) to of 
21.32 mm (NRCJ-51). A total of 3 parents were 
recorded above the population mean for fruit width 
(20.69 mm). 

Fruit Weight: All the parents differed significantly 
(p> 0.01 level) for fruit weight. Average fruit weight 
was 23.34 g. Fruit weight ranged from 21.94 g 
(NRCJ-48) to 25.76 g (NRCJ-51). A total of 4 
parents recorded above the population mean. 

Fruit Yield: Average fruit yield was 574.55 g. Fruit 
yield ranged from 295 g (NRCJ-52) to 867.14 g 
(NRCJ-50). A total of 3 parents recorded above the 
population mean for fruit yield (574.55 g). 

Seed length: Average seed length was 17.75 mm. It 
ranged from a minimum of 17.44 mm (NRCJ-52) to 
a maximum of 17.97 mm (NRCJ-50). A total of 6 
parents were recorded above the population mean 
for seed length.

Seed width: All the parents differed significantly 
with each other for seed width. Average seed width 
was 11 mm.  Seed width ranged from a minimum of 
10.77 mm (NRCJ-47) to a maximum of 11.18 mm 
(NRCJ-55). A total of seven parents were recorded 
above the population mean (11 mm). 

Seed thickness: Average seed thickness was 8.36 
mm. Seed thickness ranged from 8.22 mm (NRCJ-

48) to 8.56 mm (NRCJ-55). Six parents recorded 
above the population mean. 

Seed weight: All the parents differed significantly 
with each other in seed weight. Average seed weight 
was 53.75 g and ranged from 49.21 g (NRCJ-53) to 
58.99 g (NRCJ-51). Four parents recorded above 
the population mean for seed weight (53.75 g). 

Seed yield: Average seed yield was 319.14 g. It 
ranged from 171.67 g (NRCJ-52) to 492.86 g 
(NRCJ-50). Three parents had seed yield above the 
population mean. 

Character Association: All parameters of parents 
were also assessed for correlation coefficient. Seed 
yield had significantly high positive correlations 
(p>0.001 level) with all the traits except fruit and 
seed weight and size i.e. length and width. 
Similarly, fruit yield also had positive and 
significantly high correlations with all the traits 
except fruit and seed length, width and weight. 
Improvement and selection in these traits will be 
effective in increasing the yield. 

Comparative Performance of Parents and 
Hybrids: A comparison of the average seed yield of 
both population revealed that hybrids had higher 
seed yield than their parents. Seed yield was quite 
high in case of selected hybrids than their parents. 
However, much difference was not recorded in 
other traits. 

C. Performance of Wheat under Jatropha 
Cross Plantation

The crosses made from promising selections of 
Jatropha were planted at 4x4 m spacing for 
evaluation of morphological characters as well as 
for seed yield and oil content. Under this plantation, 

wheat crop was taken as intercrop. This was the 
third year of intercrop. The best parent was included 
as check. The wheat variety Lok-1 was grown with 
recommended package of practices. Five irrigations 
were provided to the crop as and when needed. In 
general, the performance of wheat in terms of 

growth, yield attributes and yield reduced under 
Agroforestry system (Table 24). The yield obtained 

-1
in sole crop of wheat was 2880 kg ha .

The performance of wheat increased significantly 
with increasing distance from the tree. The lowest 
plant population, Plant height, ear length,

grains/ear, 1000-grain weight, grain and straw yield 
were recorded at 50 cm distance from tree and 
increased progressively with the distance. 150 and 
200 cm distance treatments being at par, recorded 
significantly higher values of these attributes over 
both 50 and 100 cm distance treatments. 

AF 04.6: Age-age Correlation Model for 
Juvenile Selection of Trees in 
Agroforestry 

(R H Rizvi, V K Gupta, S P Ahlawat and Ajit)

A. nilotica 

Growth performance of A. nilotica families 
recorded at the age of 5-years is presented in Table 
25. It is evident that plants of family 14 performed 
well in terms of overall growth at this age. The mean

height of plants of this family was found to be 5.63 
m with mean annual increment of 1.04 m. Mean 
diameter at breast height (dbh) and canopy diameter 
were 6.07 cm and 3.81 m, respectively. For plants of 
family 1, mean dbh (6.42 cm) and its annual 
increment (1.11 cm) were highest. Plants of family 
11 also performed equally well as that of family 14 
with mean height and dbh of 5.36 m and 6.09 cm, 
respectively.

Table 23: Average comparative performance of parents and hybrids 

Seed Plant Collar No. of No. of Branch Canopy 
yield height diameter primary secondary length diameter 
(g) (m) (cm) branch branch (m) (m)

Hybrids 328.22 2.58 74.67 8.73 99.06 2.45 3.33

Parents 319.14 2.53 72.48 8.19 100.56 2.40 3.20

Fruit Fruit Fruit Seed Seed 10 Fruit 100 Seed 
yield length width length width weight weight 
(g) (mm) (mm) (mm) (mm) (g) (g)

Hybrids 573.22 27.29 20.96 17.70 11.08 24.36 54.82

Parents 574.55 26.35 20.69 17.75 11.00 23.34 53.75

 
Table 24: Growth and yield of wheat under Jatropha crosses based agroforestry (2009-10) 

Treatment Plant Plant Spike Grains/ Grain Straw 
population height length spike yield yield 

2 -1 -1
( /0.25m ) (cm) (cm) (kg ha ) (kg ha )

Cross-6 66.5 81.7 8.1 37.6 1930 3000

Cross-15 65.1 81.0 8.2 37.3 1900 2930

Cross-16 64.3 80.5 8.1 35.2 1845 2865

Cross-40 64.2 80.2 8.0 34.8 1800 2815

Cross-4 58.0 78.0 8.0 36.1 1790 2800

Mean 63.6 80.3 8.1 36.2 1853 2882

Sole crop 78.2 83.8 8.2 38.5 2880 3940

 
Table 25: Growth performance of A. nilotica plants of different families at the age of 5 years

Family No. Plant height (m) dbh (cm) Canopy diameter (m)

Mean CV (%) Mean CV (%) Mean CV (%)

1 5.57 (0.52) 21.6 6.42 (1.11) 38.0 3.75 25.5

2 4.95 (1.07) 13.3 4.86 (0.85) 24.1 3.55 20.2

3 5.09 (0.83) 29.2 5.36 (0.63) 33.0 3.61 21.9

4 5.02 (0.76) 25.7 6.25 (1.18) 29.9 3.79 29.8

5 5.45 (0.77) 27.7 6.05 (0.93) 27.9 3.63 16.0

6 4.27 (0.83) 22.8 4.18 (0.92) 34.2 3.18 19.3

7 4.32 (1.02) 16.5 4.06 (0.77) 34.2 3.17 23.3

8 4.78 (0.76) 24.9 5.01 (0.77) 39.5 3.36 25.8

9 5.11 (0.63) 29.5 4.87 (0.78) 44.4 3.29 23.4

10 4.36 (0.68) 21.8 5.10 (0.90) 37.2 3.20 23.4



 

 

 

11 5.36 (0.87) 17.1 6.09 (0.97) 31.2 3.86 22.8

12 5.20 (0.89) 31.5 5.91 (0.85) 40.3 3.67 23.7

13 4.42 (0.86) 14.6 4.45 (0.95) 34.4 3.43 25.3

14 5.63 (1.04) 19.6 6.07 (0.87) 24.7 3.81 13.2

15 4.33 (0.80) 21.0 4.22 (0.82) 43.9 3.17 23.7

Figure in parenthesis is mean annual increment.

Age-age correlations for tree traits viz. height, collar 
diameter and dbh for ages 30, 48 and 60 months are 
given in Table 26. Significantly high correlations 

were found between ages 48 and 60 months for all the 
three traits. This clearly indicated that growth of tree at 
older age is closely related with growth at younger age.

Table 26: Age-age Correlations for tree traits of A. nilotica

Trait/ Age Height dbh Collar diameter

30 M 48 M 30 M 48 M 30 M 48 M

30 M 1.000 0.864 1.000 0.801 1.000 0.784

48 M 0.864 1.000 0.801 1.000 0.784 1.000

60 M 0.790 0.899 0.723 0.876 0.759 0.860

M- month

Thirty trees of A. nilotica were harvested at the age 
of 4.5 and 5.5 years and data was recorded for 
branch and stem biomass. Summary statistics for 
these 60 trees is given in table 27. Height and dbh 
varied from 1.80-9.12 m and 1.20-9.30 cm, 

respectively. Mean branch, stem and total wood 
-1biomass were 4.41, 5.42 and 9.83 kg tree , 

respectively. High correlations were found between 
dbh and stem biomass (r=0.942), between dbh and 
total wood biomass (r=0.945).  

Table 27: Branch, stem and total wood biomass of A. nilotica trees 

Statistics Height (m) dbh(cm) Branch Stem Wood 
biomass  (kg) biomass (kg) biomass (kg)

Minimum 1.80 1.20 0.45 0.75 1.20

Maximum 9.12 9.30 19.10 27.45 45.85

Mean 4.06 3.94 4.41 5.42 9.83

S.D. 1.60 1.88 4.95 6.18 11.09

DBH- diameter at breast height

Since both height and diameter at breast height are 
highly correlated with biomass, so these are taken as 
explanatory variables for fitting biomass equations. 

2
Non-linear equations of type:  W = a + b  D + b  D  1 2

2and W = a + b  D + b  DH + b  D H; 1 2 3

where, W- biomass, D- diameter at breast height 

(cm) and H- tree height (m); were fitted using 
SYSTAT 11.0 (Table 28). Although fitted equations 
of both types are good fit, yet equations of first type 
were found better than second type on the basis of 

2statistical criteria of adjusted R  and mean square 
error (MSE). Thus the fitted equations may be used 
for estimating biomass of standing tree, however, 
need validation on an independent data set. 

Table 28: Non-linear equations fitted for branch, stems and total biomass of A. nilotica
2

Parameter Fitted equation Adj. R MSE
2

Stem biomass W = 1.411 - 0.881 D + 0.393 D 0.944 2.211
2

W = -2.178 +1.191 D +0.047 DH +192.768 D H 0.938 2.486

Branch biomass W = -1.931 + 0.816 D + 0.164 D2 0.898 2.572
2

W = -3.738+ 1.548 D+ 0.117 DH -14.275 D H 0.893 2.757

Total Wood biomass W = -0.519 - 0.065 D + 0.557 D2 0.929 8.916
2

W = -5.917 +2.738 D +0.164 DH +178.492 D H 0.923 10.011

AF 4.7:  Micropropagation of Elite Trees of 
Karanj and Bamboo 

(S P Ahlawat, R V Kumar, V K Gupta,                 
A K Handa and N Gurunathan)

Explant source and its sterilization 

Multiplication of plants of Bambusa balcooa, B. 
vulgaris cv. green and Karanj were attempted. 
Nodal segments of 2-3 cm size containing single 
axillary buds from field grown bamboos and Karanj 
were used as explant. The nodal segments were first 
treated with 0.1% Bavistin for 5 min. followed by 
washing in running tap water. Then explants were 
washed with Tween 20 for about 5 minutes and then 
thoroughly washed with sterile water after cleaning 
with 70% ethyl alcohol. Treatments of three 
sterilizing agents i.e. mercuric chloride (HgCl  0.1-2

0.2%), sodium hypochloride (NaOCl 10-20%) and 
hydrogen peroxide (H O  10-20%) for 5, 10 and 15 2 2

minutes duration followed by 5-6 times washing 
with sterile water were done for sterilization (Table 
29). Success rate of sterilization varied from 4.2 to 
100 per cent. Rate of sterilization and culture 
establishment in B. vulgaris was better than B. 
balcooa. Maximum number of aseptic cultures 
(100%) was established by treatment of 0.2% HgCl  2

for 15 minutes. The explants were cultured on MS 
medium supplemented with different growth 
regulators. The pH of the medium was adjusted to 

o5.8 prior to autoclaving the medium (121 C, 
15min); sucrose (3% w.v) was used in the medium 
in all the experiments.

Establishment of cultures

The explant buds were collected during different 
months/season throughout the year and axillary 
buds collected during new flush on bamboo i.e. 
July to August were found best to culture.  
Maximum bud break response upto 96% in B. 
balcooa and 100% in B. vulgaris was recorded on 

MS medium supplemented with cytokinin. The 
BAP 5.0 mg/l gave maximum response in both the 
species.  In both the bamboo species the frequency 
of bud break was higher in MS medium consisting 
growth regulators in comparison with basal 
medium.  One to two shoots and leaves were 
observed in almost all the cultures after 25 days of 
inoculation. Shoot length varied from 1.85 cm to 
3.5 cm. The phenolic exudation was also observed 
in first culture. It was more in Pongamia. The 
substance caused browning of media and resulted 
in necrotic appearances on shoots leading to death 
of shoots (Table 30). This problem could be 
overcome by frequent sub-culturing of axillary 
buds on to fresh medium after every 15-20 days or 
whenever medium turned brown especially in B. 
balcooa. No significant increase in shoot 
proliferation from axillary buds was obtained 
when cultured in MS medium supplemented with 
auxin (NAA & IBA). Auxin alone in MS medium 
did not show proliferation of shoots in both the 
bamboos. 

In Vitro shoot multiplication 

The shoot multiplication phenomenon was more or 
less same in both the bamboo species.  The 
proliferated shoots (2-3 weeks old) from the 
auxillary buds were excised and cut into groups of 
shoot clusters and sub-cultured on agarified MS 
medium supplemented with 2.0 – 10.0 mg/l BAP for 
further shoot multiplication. During first to third 
sub-culture, an average shoot multiplication rate of 
3-4 fold in B. vulgaris and two to three fold in B. 
balcooa was obtained in MS medium supplemented 
with 2.0-5.0 mg/l BAP.  Among all the growth 
regulators, BAP was found most effective for shoot 
proliferation. Once the shoot cultures were 
established they were cut into groups of shoots 
(called as propagule) and subcultured and 
multiplied on MS + 5.0 mg/l BAP medium.  Regular 
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11 5.36 (0.87) 17.1 6.09 (0.97) 31.2 3.86 22.8

12 5.20 (0.89) 31.5 5.91 (0.85) 40.3 3.67 23.7

13 4.42 (0.86) 14.6 4.45 (0.95) 34.4 3.43 25.3

14 5.63 (1.04) 19.6 6.07 (0.87) 24.7 3.81 13.2

15 4.33 (0.80) 21.0 4.22 (0.82) 43.9 3.17 23.7

Figure in parenthesis is mean annual increment.

Age-age correlations for tree traits viz. height, collar 
diameter and dbh for ages 30, 48 and 60 months are 
given in Table 26. Significantly high correlations 

were found between ages 48 and 60 months for all the 
three traits. This clearly indicated that growth of tree at 
older age is closely related with growth at younger age.

Table 26: Age-age Correlations for tree traits of A. nilotica

Trait/ Age Height dbh Collar diameter

30 M 48 M 30 M 48 M 30 M 48 M

30 M 1.000 0.864 1.000 0.801 1.000 0.784

48 M 0.864 1.000 0.801 1.000 0.784 1.000

60 M 0.790 0.899 0.723 0.876 0.759 0.860

M- month

Thirty trees of A. nilotica were harvested at the age 
of 4.5 and 5.5 years and data was recorded for 
branch and stem biomass. Summary statistics for 
these 60 trees is given in table 27. Height and dbh 
varied from 1.80-9.12 m and 1.20-9.30 cm, 

respectively. Mean branch, stem and total wood 
-1biomass were 4.41, 5.42 and 9.83 kg tree , 

respectively. High correlations were found between 
dbh and stem biomass (r=0.942), between dbh and 
total wood biomass (r=0.945).  

Table 27: Branch, stem and total wood biomass of A. nilotica trees 

Statistics Height (m) dbh(cm) Branch Stem Wood 
biomass  (kg) biomass (kg) biomass (kg)

Minimum 1.80 1.20 0.45 0.75 1.20

Maximum 9.12 9.30 19.10 27.45 45.85

Mean 4.06 3.94 4.41 5.42 9.83

S.D. 1.60 1.88 4.95 6.18 11.09

DBH- diameter at breast height

Since both height and diameter at breast height are 
highly correlated with biomass, so these are taken as 
explanatory variables for fitting biomass equations. 

2
Non-linear equations of type:  W = a + b  D + b  D  1 2

2and W = a + b  D + b  DH + b  D H; 1 2 3

where, W- biomass, D- diameter at breast height 

(cm) and H- tree height (m); were fitted using 
SYSTAT 11.0 (Table 28). Although fitted equations 
of both types are good fit, yet equations of first type 
were found better than second type on the basis of 

2statistical criteria of adjusted R  and mean square 
error (MSE). Thus the fitted equations may be used 
for estimating biomass of standing tree, however, 
need validation on an independent data set. 

Table 28: Non-linear equations fitted for branch, stems and total biomass of A. nilotica
2

Parameter Fitted equation Adj. R MSE
2

Stem biomass W = 1.411 - 0.881 D + 0.393 D 0.944 2.211
2

W = -2.178 +1.191 D +0.047 DH +192.768 D H 0.938 2.486

Branch biomass W = -1.931 + 0.816 D + 0.164 D2 0.898 2.572
2

W = -3.738+ 1.548 D+ 0.117 DH -14.275 D H 0.893 2.757

Total Wood biomass W = -0.519 - 0.065 D + 0.557 D2 0.929 8.916
2

W = -5.917 +2.738 D +0.164 DH +178.492 D H 0.923 10.011

AF 4.7:  Micropropagation of Elite Trees of 
Karanj and Bamboo 

(S P Ahlawat, R V Kumar, V K Gupta,                 
A K Handa and N Gurunathan)

Explant source and its sterilization 

Multiplication of plants of Bambusa balcooa, B. 
vulgaris cv. green and Karanj were attempted. 
Nodal segments of 2-3 cm size containing single 
axillary buds from field grown bamboos and Karanj 
were used as explant. The nodal segments were first 
treated with 0.1% Bavistin for 5 min. followed by 
washing in running tap water. Then explants were 
washed with Tween 20 for about 5 minutes and then 
thoroughly washed with sterile water after cleaning 
with 70% ethyl alcohol. Treatments of three 
sterilizing agents i.e. mercuric chloride (HgCl  0.1-2

0.2%), sodium hypochloride (NaOCl 10-20%) and 
hydrogen peroxide (H O  10-20%) for 5, 10 and 15 2 2

minutes duration followed by 5-6 times washing 
with sterile water were done for sterilization (Table 
29). Success rate of sterilization varied from 4.2 to 
100 per cent. Rate of sterilization and culture 
establishment in B. vulgaris was better than B. 
balcooa. Maximum number of aseptic cultures 
(100%) was established by treatment of 0.2% HgCl  2

for 15 minutes. The explants were cultured on MS 
medium supplemented with different growth 
regulators. The pH of the medium was adjusted to 

o5.8 prior to autoclaving the medium (121 C, 
15min); sucrose (3% w.v) was used in the medium 
in all the experiments.

Establishment of cultures

The explant buds were collected during different 
months/season throughout the year and axillary 
buds collected during new flush on bamboo i.e. 
July to August were found best to culture.  
Maximum bud break response upto 96% in B. 
balcooa and 100% in B. vulgaris was recorded on 

MS medium supplemented with cytokinin. The 
BAP 5.0 mg/l gave maximum response in both the 
species.  In both the bamboo species the frequency 
of bud break was higher in MS medium consisting 
growth regulators in comparison with basal 
medium.  One to two shoots and leaves were 
observed in almost all the cultures after 25 days of 
inoculation. Shoot length varied from 1.85 cm to 
3.5 cm. The phenolic exudation was also observed 
in first culture. It was more in Pongamia. The 
substance caused browning of media and resulted 
in necrotic appearances on shoots leading to death 
of shoots (Table 30). This problem could be 
overcome by frequent sub-culturing of axillary 
buds on to fresh medium after every 15-20 days or 
whenever medium turned brown especially in B. 
balcooa. No significant increase in shoot 
proliferation from axillary buds was obtained 
when cultured in MS medium supplemented with 
auxin (NAA & IBA). Auxin alone in MS medium 
did not show proliferation of shoots in both the 
bamboos. 

In Vitro shoot multiplication 

The shoot multiplication phenomenon was more or 
less same in both the bamboo species.  The 
proliferated shoots (2-3 weeks old) from the 
auxillary buds were excised and cut into groups of 
shoot clusters and sub-cultured on agarified MS 
medium supplemented with 2.0 – 10.0 mg/l BAP for 
further shoot multiplication. During first to third 
sub-culture, an average shoot multiplication rate of 
3-4 fold in B. vulgaris and two to three fold in B. 
balcooa was obtained in MS medium supplemented 
with 2.0-5.0 mg/l BAP.  Among all the growth 
regulators, BAP was found most effective for shoot 
proliferation. Once the shoot cultures were 
established they were cut into groups of shoots 
(called as propagule) and subcultured and 
multiplied on MS + 5.0 mg/l BAP medium.  Regular 
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(four weeks interval) sub-culturing of shoot 
propagules increased the multiplication rate.  A 
propagule of three shoots gave best shoot 
multiplication rate as compared to smaller (1-2 
shoots) or larger size (4-6 shoots) propagules. After 
4-6 cycles of shoot multiplication a consistent 4-6 
fold average multiplication rate was obtained.

Rooting of shoots in vitro

The in vitro raised shoots failed to root on plant 
growth regulator free basal medium.  Thus, various 
auxins (IAA, NAA, IBA) were examined for 
rooting.  Rooting was obtained when shoot 
propagules were sub-cultured on MS medium 
supplemented with 1.0-5.0 mg/l NAA or IBA.  Best 
rooting (80-85%) was obtained within 30-35 day of 
subculture on MS + 4.0 mg/l NAA and on MS + 5 
mg/l IBA (Table 31).  In case of B. vulgaris, MS + 
4.0 mg/l NAA gave the best results for in vitro 
rooting.  Generally 4-8 roots emerged from the 
basal end of the propagule.

Transplantation

Four weeks old culture on rooting medium

developed healthy root and shoot system. These 
plants were first transferred into a mixture of perlite 
and sand (2:1, w/v) in plastic pots and kept in the 

o
mist chamber under 80% RH and 30 + 2 C for 
hardening.  The plants were fed and sprayed with 
half strength macro and micro nutrients of MS 
medium for the first 4 weeks. After 20-25 days the 
hardened plants were transferred to bigger polybags 
containing sand, soil and organic manure (1:1:1 by 
volume), and placed under high density agronet 
shade house for acclimatization. New shoots 
developed after 3-4 months, and the plants were 
ready for field transfer. Similarly, well rooted 
plantlets of P. pinnata were first transplanted in 
sterilized vermiculite in plastic glass and nourished 
by ½ strength MS media without organic solution 
and kept in culture room for 20 days. Then the plants 
were transferred to the mist chamber and kept for 
further hardening and till the development of new 
leaves on the plants.  After this the plants were 
transplanted in pots consisting soil: sand: FYM in 
1:1:1 ratio and kept under shade in net house. This 
has resulted in about 65% survival of plants.

Table 29: Effect of BAP conc. in MS medium on development of shoots of Bambusa vulgaris cv. green
BAP conc. (mg/l) No. of shoots Shoot length (cm) No. of leaves
0.0 1.29 2.56 2
0.5 4.50 2.79 2
1.0 8.35 2.38 2
2.0 13.41 2.56 3
3.0 13.98 3.24 3
4.0 14.54 3.31 3
5.0 15.96 3.56 3
6.0 13.23 1.85 2

Table 31: Effect of different conc. of NAA and IBA in MS medium on development of roots of Bambusa 
vulgaris cv. green

Treatment conc. (mg/l) NAA IBA

Rooting No. of Root Rooting No. of Root 
(%) roots length (cm) (%) roots length (cm)

0.0 -- -- -- --- -- --

1.0 22.50 2.35 3.38 26.50 3.43 2.86

2.0 48.33 3.41 3.76 52.25 4.61 4.29

3.0 69.25 5.98 4.24 76.25 5.98 3.28

4.0 86.50 8.96 4.56 81.66 6.54 3.96

5.0 74.50 6.54 4.39 84.66 7.46 4.38

Plate 2: Multiple shoot production from karanj explant    Plate 3: Well rooted plantlet of karanj

Plate 4: Micropropagation of bamboo

Table 30: Effect of Kn and Kn+BAP conc. in MS medium on development of shoots of Bambusa 
vulgaris cv. green

Treatment conc.  ( mg/l) No. of shoots Shoot length (cm) No. of leaves

0.0 -- -- --

Kn 0.5 6.50 2.16 2

Kn 1.0 8.33 2.53 3

Kn 2.0 11.25 2.89 3

Kn 0.5+ BAP 2.0 12.50 3.05 3

Kn 0.5+ BAP 3.0 13.83 3.21 2

Kn 0.5+ BAP 4.0 14.50 3.56 2

Kn 1.0+ BAP 2.0 12.50 3.28 2

Kn 1.0+ BAP 3.0 12.33 3.19 2

Kn 1.0+ BAP 4.0 8.20 2.79 2
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AF 04.8: Standardization of Nursery Technique, 
Spacing and Pruning Practices for 
Jatropha curcas (L.)

(P Ratha Krishnan, R V Kumar and Ram Newaj)

J. curcas plantation (NRCJ- 89) was observed for 
the height, Collar diameter and number of branches, 
6 month after planting.  Gap filling and basin 
formation were done during September. At the end 
of the year, Jatropha exhibited 12 to 203 cm height, 

0.6 to 10.5 cm collar diameter, 1 to16 numbers of 
branches with 91.17% of survival (Plate 5). Pruning 
treatments could not be imposed due to uneven 
height of plants. Taramera (Eruca sativa) seeds 

thwere broadcasted on 14  October, 09 as intercrop 
and 225 kg seeds were harvested during March, 
2010. During kharif Til (variety: Shekhar) was 

thbroadcasted on 8  July and harvesting was done 
during the last week of October (Plate 6). About 205 
kg of til seed was harvested (Table 32 & 33). 

6 MAP 15 MAP

Plate 5 : Quincunx  planting of Jatropha curcas 

Plate 6 :  Jatropha curcas + Til

 

Table 32: Effect of Jatropha curcas spacing and distance from tree base on population and height 
(cm) of til

Table 33: Effect of Jatropha curcas spacing and distance from tree base on total fresh and dry weights 
(g) of til

T / D      Population      Height (cm)

1 1.5 2 2.5 Mean 1 1.5 2 2.5 Mean

Bio-fence 0 23 21 30 19 0 155 160 160 119

4 X 5 20 21 24 12 19 145 145 135 140 141

4 X 6 27 16 20 23 22 143 145 163 173 156

4 X 7 22 22 26 28 25 188 165 175 175 176

Mean 17 21 23 23 119 153 158 162

Open 42 135

 T  D T X D  T  D T X D  

CD (P = 0.05) 2.70 2.42 5.42 6.43 5.75 12.85

T / D Total fresh weight (g) Total dry weight (g) 

1 1.5 2 2.5 Mean 1 1.5 2 2.5 Mean

Bio-fence 0 635 660 725 505 0 205 200 220 156

4 X 5 685 675 500 500 590 215 185 160 150 178

4 X 6 515 595 820 745 669 175 170 235 195 194

4 X 7 1135 680 1253 991 1015 315 185 330 285 279

 Mean 584 646 808 740 176 186 231 213

Open 845 225

 T  D T X D  T  D T X D  

CD (P = 0.05) 118.13 105.65 236.25 28.77 25.73 57.54
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2. Research Achievements

AF 05.6: Model Watershed Project on Natural 
Resource Management through 
Agroforestry Interventions at Garh 
Kundar, Tikamgarh (M.P.)

R K Tewari, Ramesh Singh, R S Yadav, 
R P Dwivedi, D R Palsaniya and R H Rizvi)

A Venkatesh, 

During the period under report, works on the aspects 
of socio-economic and livelihood analysis, water 
resource development, top working of ber and 
development of agrihorticulture, crop and 
agroforestry demonstration were taken up. The brief 
report under different heads is as follow:

Socio-Economic and Livelihood Analysis   

Plantation Activity

A total of 1321 seedlings covering eight MPTs viz.,

nimbu, guava, aonla, babul, teak, bael and bamboo 
were distributed to the farmers of six villages. The 
seedlings were distributed to the farmers as per 
their choice. Required layout was made in the 
farmer's field who want to raise agroforestry 
models. Landless farmers (mainly tribal 
community in Rautiana) were advised to plant the 
fruit tree seedlings in their home gardens. Four 
months later, the seedlings were monitored for 
establishment. An average of 83.3 % survival was 
recorded with highest in babul (100.0 %) and 
lowest in Jackfruit (73.9 %). Among the villages, 
maximum survival was observed in Rautiana 
(98.8 %) and minimum in Dabur (72.3 %) (Table 
34 & 35).
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Table 35: Survival (%) of MPTs planted in the GKD WS after 4 months of planting

Village /Species Nimbu Guava Aonla Jack Babul Teak Beal Bamboo Total

Shiv Rampur 83.6 70.8 72.7 78.6 100.0 86.0 75.0 - 81.0

Sakuli 97.8 89.3 90.0 82.4 - 98.2 - - 91.5

Kundar/ Ganj 98.8 98.7 - 62.5 100.0 100.0 93.3 58.0 87.3

Dabur 53.6 55.0 80.0 50.0 - 95.0 100.0 - 72.3

Shayamsi 100 100 - 60 - - - - 86.7

Rautiana 96.5 100 100 - - - - - 98.8

Total 90.5 82.2 81.5 73.9 100 94 90.9 58 83.8

Table 34: List of MPTs planted in the GKD WS during 2010

Village /Species Nimbu Guava Aonla Jack Babul Teak Bael Bamboo Total

Shiv Rampur 61 89 11 14 10 100 4 - 289

Sakuli 46 84 10 17 55 - 212

Kundar/ Ganj 83 75 - 8 70 73 15 200 524

Dabur 28 60 5 2 60 3 - 158

Shayam si 10 7 5 - - - - - 22

Rautiana 57 58 - - - - 1 - 116

Total 285 373 31 41 80 288 23 200 1321
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SHG Activity

During 2010, Mrs. Shashi Prajapati member of 
women SHG (Maa Sheethala Swayam Sahayata 
Samooh), Kundar along with her husband made 19 
numbers of moorthy. For this purpose she got   4000 
from the SHG. They earned a net profit of 17, 450 
with an additional employment of 80 man days. 

Out of four SHGs, two have accrued assets worth 
74,000 (women SHG) and  25,000 (men SHG) 

respectively in a span of 4 years and have become 
self reliant in terms of small credit requirement.

Water Resource Development

During the year total 798 mm rainfall, 18 per cent 
lesser than the mean annual rainfall, was received. It 
was spread over in 40 rainy days (Fig. 24). 

` 

R

Fig. 24: Rainfall recorded in Garhkundar-Dabar 
watershed during 2010

Fig. 25: Water storage v/s elevation relationship for 
checkdam constructed near field of Chintu 

The peak discharge from treated and untreated 
th

watershed was recorded on 20  July 2010 and it was 
3 -1 -1

0.0221 and 0.04296 m s ha , respectively. The 
peak discharge from treated watershed was 94 per 
cent less than the untreated watershed. The peak in 
treated watershed was 51 minutes delayed as 
compared to untreated. 

The depth of water column was more than 5 m in 
about 40 per cent of wells, however, it is greater than 
4 m in approximately 75 per cent of wells and these 
wells were continuously running for about 10-12 
hours with a pump of 5 HP. Whereas, more than 50 
per cent wells in treated watershed (control 
watershed) were near to dry and they are not 
supporting 5 HP pump even for 1 hrs. There was no 
problem of drinking as well as irrigation in the 
watershed area. 

The water storage v/s elevation relationship for the 
checkdams constructed near Chintu's field and 
Kundar is shown in Fig. 25 and 26. These figures 
show that the sites selected for the checkdams are 
suitable and efficient in conserving excess runoff. 

Fig. 26: Water storage v/s elevation relationship for 
checkdam constructed near Kundar

Crop and agroforestry demonstration

During kharif 2010 and rabi 2009-10, total 15 
demonstrations of different sole crops were 
conducted in whole watershed with improved 
package of practices (Table 36) while guava, 
citrus and aonla based agroforestry systems were 
continued during kharif and rabi 2009-10 (Table 
37). During rabi 2009-10, wheat variety HD-2932 
was sown during November with recommended 
doses of  fert i l izers.  Three sole wheat  
demonstrations of same variety were also 
conducted on the fields of same farmers to 
facilitate comparison with agroforestry systems. 
The performance of wheat with improved package 
of practice was also compared with the 
traditionally grown wheat in the watershed (local 
variety with whatever inputs they use). The data 
on wheat performance (Table 38) shows that the 
growth attributes yield attributes (spike length, 
grains/spike and 1000-grain weight) and yields 
were higher both in agroforestry systems and sole 
crop demonstrations as compared to traditional 
wheat. The wheat yield under guava and citrus 
based demonstrations was almost comparable to 
that obtained under sole wheat demonstrations as 
these fruit trees were planted during July, 2007 

Table 36: Sole crop demonstrations with improved package of practices at GKD w/s

Crop Variety No. of demonstrations

Kharif - 2010

Groundnut Kaushal 4

Rabi - 2009-10

Wheat HD-2932 5

Zaid - 2010

Summer green gram Meha, Samrat, Satya 3

Fodder sorghum MP Chari 2

Colocasia Baruasagar local 1

44

and there was no yield reduction of intercrop due 
to shade and competition effects. The mean wheat 
yield under sole crop and agroforestry 

-1
demonstration was 3203 and 3015 kg ha  which 
were higher by 22 and 15% over traditional wheat 

-1
(2620 kg ha ), respectively.

During kharif, 2010, groundnut was raised in two sole 
crop demonstrations and also in guava, citrus and 
Aonla based agroforestry systems (Table 39) and 
compared with traditionally grown groundnut. The 
mean pod yield of groundnut in sole demonstrations 

-1(15.8 q ha ) was 40 % higher over local groundnut 
grown with very less fertilizer. In case of 

demonstrations, the variety Kaushal was grown with 
recommended dose of fertilizers. The seeds were also 
treated with Rhizobium culture. The groundnut crop 
grown in guava, citrus and Aonla based agroforestry 
system (three year old) produced mean pod yield of 

-114.4 q ha  which was comparable to yield obtained 
-1under sole groundnut demonstrations (15.8 q ha ).

Table 37: Agroforestry based demonstrations at GKD w/s

Agroforestry system Crop sequence No. of demonstrations

Guava based Groundnut-wheat 2

Citrus based Groundnut-wheat 1

Aonla based Groundnut-wheat 1

Table 38: Average performance of wheat in different AF systems 

AF systems Plant Plant Ear Grains 1000- Grain Straw Biomass
population height length per grain yield  yield  yield

2 -1 -1 -1
( /m ) (cm) (cm) ear weight (g) (kg ha ) (kg ha ) (kg ha )

Guava-wheat-1 374 97.5 9.4 41.3 44.4 2980 4510 7490

Guava-wheat-2 385 100.3 9.5 42.4 44.8 3100 4835 7935

Citrus-wheat 377 96.6 9.4 41.7 44.6 3010 4700 7710

Aonla-wheat 372 96.2 9.4 41.1 44.3 2970 4466 7436

Sole wheat-1 380 96.2 9.4 42.5 45.2 3175 4960 8135

Sole wheat-2 389 101.1 9.6 42.6 45.3 3230 5025 8255

Sole wheat mean 385 98.7 9.5 42.6 45.3 3203 4993 8196

Farmer's practice 383 106.2 8.7 38.2 43.1 2620 3980 6600
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Samooh), Kundar along with her husband made 19 
numbers of moorthy. For this purpose she got   4000 
from the SHG. They earned a net profit of 17, 450 
with an additional employment of 80 man days. 

Out of four SHGs, two have accrued assets worth 
74,000 (women SHG) and  25,000 (men SHG) 

respectively in a span of 4 years and have become 
self reliant in terms of small credit requirement.

Water Resource Development

During the year total 798 mm rainfall, 18 per cent 
lesser than the mean annual rainfall, was received. It 
was spread over in 40 rainy days (Fig. 24). 

` 
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Fig. 24: Rainfall recorded in Garhkundar-Dabar 
watershed during 2010

Fig. 25: Water storage v/s elevation relationship for 
checkdam constructed near field of Chintu 

The peak discharge from treated and untreated 
th

watershed was recorded on 20  July 2010 and it was 
3 -1 -1

0.0221 and 0.04296 m s ha , respectively. The 
peak discharge from treated watershed was 94 per 
cent less than the untreated watershed. The peak in 
treated watershed was 51 minutes delayed as 
compared to untreated. 

The depth of water column was more than 5 m in 
about 40 per cent of wells, however, it is greater than 
4 m in approximately 75 per cent of wells and these 
wells were continuously running for about 10-12 
hours with a pump of 5 HP. Whereas, more than 50 
per cent wells in treated watershed (control 
watershed) were near to dry and they are not 
supporting 5 HP pump even for 1 hrs. There was no 
problem of drinking as well as irrigation in the 
watershed area. 

The water storage v/s elevation relationship for the 
checkdams constructed near Chintu's field and 
Kundar is shown in Fig. 25 and 26. These figures 
show that the sites selected for the checkdams are 
suitable and efficient in conserving excess runoff. 

Fig. 26: Water storage v/s elevation relationship for 
checkdam constructed near Kundar

Crop and agroforestry demonstration

During kharif 2010 and rabi 2009-10, total 15 
demonstrations of different sole crops were 
conducted in whole watershed with improved 
package of practices (Table 36) while guava, 
citrus and aonla based agroforestry systems were 
continued during kharif and rabi 2009-10 (Table 
37). During rabi 2009-10, wheat variety HD-2932 
was sown during November with recommended 
doses of  fert i l izers.  Three sole wheat  
demonstrations of same variety were also 
conducted on the fields of same farmers to 
facilitate comparison with agroforestry systems. 
The performance of wheat with improved package 
of practice was also compared with the 
traditionally grown wheat in the watershed (local 
variety with whatever inputs they use). The data 
on wheat performance (Table 38) shows that the 
growth attributes yield attributes (spike length, 
grains/spike and 1000-grain weight) and yields 
were higher both in agroforestry systems and sole 
crop demonstrations as compared to traditional 
wheat. The wheat yield under guava and citrus 
based demonstrations was almost comparable to 
that obtained under sole wheat demonstrations as 
these fruit trees were planted during July, 2007 

Table 36: Sole crop demonstrations with improved package of practices at GKD w/s

Crop Variety No. of demonstrations

Kharif - 2010

Groundnut Kaushal 4

Rabi - 2009-10

Wheat HD-2932 5

Zaid - 2010

Summer green gram Meha, Samrat, Satya 3

Fodder sorghum MP Chari 2

Colocasia Baruasagar local 1
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and there was no yield reduction of intercrop due 
to shade and competition effects. The mean wheat 
yield under sole crop and agroforestry 

-1
demonstration was 3203 and 3015 kg ha  which 
were higher by 22 and 15% over traditional wheat 

-1
(2620 kg ha ), respectively.

During kharif, 2010, groundnut was raised in two sole 
crop demonstrations and also in guava, citrus and 
Aonla based agroforestry systems (Table 39) and 
compared with traditionally grown groundnut. The 
mean pod yield of groundnut in sole demonstrations 

-1(15.8 q ha ) was 40 % higher over local groundnut 
grown with very less fertilizer. In case of 

demonstrations, the variety Kaushal was grown with 
recommended dose of fertilizers. The seeds were also 
treated with Rhizobium culture. The groundnut crop 
grown in guava, citrus and Aonla based agroforestry 
system (three year old) produced mean pod yield of 

-114.4 q ha  which was comparable to yield obtained 
-1under sole groundnut demonstrations (15.8 q ha ).

Table 37: Agroforestry based demonstrations at GKD w/s

Agroforestry system Crop sequence No. of demonstrations

Guava based Groundnut-wheat 2

Citrus based Groundnut-wheat 1

Aonla based Groundnut-wheat 1

Table 38: Average performance of wheat in different AF systems 

AF systems Plant Plant Ear Grains 1000- Grain Straw Biomass
population height length per grain yield  yield  yield

2 -1 -1 -1
( /m ) (cm) (cm) ear weight (g) (kg ha ) (kg ha ) (kg ha )

Guava-wheat-1 374 97.5 9.4 41.3 44.4 2980 4510 7490

Guava-wheat-2 385 100.3 9.5 42.4 44.8 3100 4835 7935

Citrus-wheat 377 96.6 9.4 41.7 44.6 3010 4700 7710

Aonla-wheat 372 96.2 9.4 41.1 44.3 2970 4466 7436

Sole wheat-1 380 96.2 9.4 42.5 45.2 3175 4960 8135

Sole wheat-2 389 101.1 9.6 42.6 45.3 3230 5025 8255

Sole wheat mean 385 98.7 9.5 42.6 45.3 3203 4993 8196

Farmer's practice 383 106.2 8.7 38.2 43.1 2620 3980 6600
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Balanced fertilization in groundnut and wheat

Two demonstrations each for wheat and groundnut 
were repeated in the second year on fields of two 
farmers in watershed. The five treatments were 
control (T ), recommended dose of nitrogen (18 and 1

-1
120 kg ha  for groundnut and wheat, respectively) 

-1
and phosphorus (46 and 60 kg ha  for groundnut and 
wheat, respectively) along with seed treatment with 
Rhizobium and PSB culture in case of groundnut 
and Azotobacter and PSB culture in case of wheat 

-1(T ), T  + gypsum @ 250 kg ha  (T ), T  + micro 2 2 3 3
-1nutrient mixture @ 12.5 kg ha  comprising of 6 % 

zinc, 3 % Fe, 1.5 % Mn and 0.5 % Ca (T ) and 4

farmer's practice comprising local variety, nearly 
half of the recommended dose of fertilizers, no 
biofertilizers and gypsum (T ). Groundnut variety 5

Kaushal was sown in the second week of July and 
harvested in the third week of October. Wheat 
variety HD - 2932 was sown in the third week of 
November and harvested in the third week of April. 
Groundnut and wheat were provided three and six 
irrigations, respectively as per need.

Treatment increased groundnut yield over control. 
The balanced use of N, P, biofertilizers, gypsum and 
micronutrients (T ) enhanced the crop yield by 44, 4

22 and 12 %, respectively over control (T ), non 1

gypsum (T ) and non micro nutrient (T ) treatments. 2 3

All other yield and yield attributes also showed the 
same trend. The farmer's practice of using local 
variety, nearly half of the recommended dose of 
fertilizers, no biofertilizers and gypsum (T ) 5

-1recorded groundnut yield of 1.67 t ha  which, 
though non significant, was 4 % higher than the 
Kaushal variety grown without any nutrient input.

The balanced use of N, P, biofertilizers, gypsum and 
micronutrients also enhanced wheat yield by 74.6, 
11 and 7.7 %, respectively over control (T ), non 1

gypsum (T ) and non micro nutrient (T ) treatments. 2 3

The home page of agroforestry databases 
(http://mirror.iasri.res.in/net) has been updated with 
the addition of bibliographic information system on 
Madhuca. The information on other related 
databases on forestry/agroforestry has been 
updated. 

Madhuca Bibliographic Information Systems

Lot of research has been carried out in India from 
early 70's on Madhuca. The information on the 
research papers pertaining to Indian context has 
been feeded in these databases. These databases can 
be used to trace the following information; the 
names of all researchers working on these two 
species with their affiliation addresses; the names 
and address of all institutes/ universities working on 
these two species; the list of all papers published 
from an institute; the list of the paper published by 
an author; list of all papers under a particular subject 
category out of several pre defined categories and 
many more queries.

AF 05.8: Agroforestry Database Development 
Programme 

(Ajit and A K Handa)

Table 39: Performance of groundnut in different demonstrations (2010)

Demonstration Pods/ Kernels/ Pod Haulm Biological Test Shelling
plant pod yield yield yield wt. (%)

-1 -1 -1(q ha ) (q ha ) (q ha ) (g)

Guava+groundnut-I 12.3 2.0 14.5 31.0 45.5 384.0 67.5

Guava+groundnut-II 14.7 2.1 15.2 31.8 47.0 384.6 68.2

Citrus+groundnut 13.3 2.1 14.7 30.9 45.6 383.9 68.0

Aonla+groundnut 13.1 1.9 13.1 30.1 52.6 384.0 67.0

Mean 13.4 2.0 14.4 31.0 47.7 384.1 67.7

Sole groundnut-1 15.9 2.1 15.9 32.0 47.9 384.0 68.7

Sole groundnut-2 17.2 2.1 15.6 32.9 48.8 385.9 68.5

Mean 16.6 2.1 15.8 32.5 48.4 385.5 68.6

Farmer's practice 11.5 1.9 11.3 26.8 38.1 362.3 67.0

Statistical analysis of the numeric data fed in the 
Madhuca database was performed using SAS-9.2 . 
proc UNIVARIATE, proc FREQ and proc SGPLOT 
were used for the comutaion of tables and 
preparation of graphs.
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The database at present encompasses a total of 366 
Indian Madhuca research records in all, with 
maximum records published in 2004 (25 records) 
and 2005 (24 records) followed by 2007 (23) and 
2000 (22). Looking to the year wise breakup of 
published information table, it is clear that almost 
50% of the total research has been carried out in 
the first decade (2000-2010) of this century, 
whereas the rest 50% was accomplished in the last 
three decades of nineteenth century. The database 
conceals 727 Indian authors who have researched 
on Madhuca. Research records could be traced on 
four varieties of Madhuca namely Madhuca 
bourdillonii, Madhuca butyracea, Madhuca 
malabarica and Madhuca latifolia/longifolia. 
Almost all (more than 97%) the available 
published articles traced through literature 
pertains to Madhuca latifolia/longifolia only, 
whereas the remaining three together accounts 
only for 2.5%. Maximum research has been 
carried out in Uttar Pradesh and Madhya Pradesh 
followed by southern states like Tamilnadu. 
Maximum research articles have been published 
from Tamil Nadu Agricultural University, 
Coimbatore, Tamil Nadu (17 records) followed by 
State Forest Research Institute, Jabalpur, Madhya 
Pradesh (13 records), National Research Centre 
for Agroforestry, Jhansi, Uttar Pradesh (11 
records) and Banaras Hindu University, Varanasi, 
Uttar Pradesh (10 records). 

Year wise classification of records published on 
Madhuca in India

                 Cumulative                 Cumulative

Pubyear Frequency Percent Frequency Percent

1971 1 0.27 1 0.27

1975 1 0.27 2 0.55

1976 2 0.55 4 1.09

1977 1 0.27 5 1.37

1978 1 0.27 6 1.64

1981 4 1.09 10 2.73

1982 2 0.55 12 3.28

1983 5 1.37 17 4.64

1984 3 0.82 20 5.46

1985 6 1.64 26 7.10

1986 5 1.37 31 8.47

1987 12 3.28 43 11.75

1988 14 3.83 57 15.57

1989 14 3.83 71 19.40

1990 10 2.73 81 22.13

1991 21 5.74 102 27.87

1992 12 3.28 114 31.15

1993 17 4.64 131 35.79

1994 12 3.28 143 39.07

1995 11 3.01 154 42.08

1996 12 3.28 166 45.36

1997 19 5.19 185 50.55

1998 12 3.28 197 53.83

1999 13 3.55 210 57.38

2000 22 6.01 232 63.39

2001 13 3.55 245 66.94

2002 19 5.19 264 72.13

2003 13 3.55 277 75.68

2004 25 6.83 302 82.51

2005 24 6.56 326 89.07

2006 10 2.73 336 91.80

2007 23 6.28 359 98.09

2008 7 1.91 366 100.00
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Balanced fertilization in groundnut and wheat

Two demonstrations each for wheat and groundnut 
were repeated in the second year on fields of two 
farmers in watershed. The five treatments were 
control (T ), recommended dose of nitrogen (18 and 1

-1
120 kg ha  for groundnut and wheat, respectively) 

-1
and phosphorus (46 and 60 kg ha  for groundnut and 
wheat, respectively) along with seed treatment with 
Rhizobium and PSB culture in case of groundnut 
and Azotobacter and PSB culture in case of wheat 

-1(T ), T  + gypsum @ 250 kg ha  (T ), T  + micro 2 2 3 3
-1nutrient mixture @ 12.5 kg ha  comprising of 6 % 

zinc, 3 % Fe, 1.5 % Mn and 0.5 % Ca (T ) and 4

farmer's practice comprising local variety, nearly 
half of the recommended dose of fertilizers, no 
biofertilizers and gypsum (T ). Groundnut variety 5

Kaushal was sown in the second week of July and 
harvested in the third week of October. Wheat 
variety HD - 2932 was sown in the third week of 
November and harvested in the third week of April. 
Groundnut and wheat were provided three and six 
irrigations, respectively as per need.

Treatment increased groundnut yield over control. 
The balanced use of N, P, biofertilizers, gypsum and 
micronutrients (T ) enhanced the crop yield by 44, 4

22 and 12 %, respectively over control (T ), non 1

gypsum (T ) and non micro nutrient (T ) treatments. 2 3

All other yield and yield attributes also showed the 
same trend. The farmer's practice of using local 
variety, nearly half of the recommended dose of 
fertilizers, no biofertilizers and gypsum (T ) 5

-1recorded groundnut yield of 1.67 t ha  which, 
though non significant, was 4 % higher than the 
Kaushal variety grown without any nutrient input.

The balanced use of N, P, biofertilizers, gypsum and 
micronutrients also enhanced wheat yield by 74.6, 
11 and 7.7 %, respectively over control (T ), non 1

gypsum (T ) and non micro nutrient (T ) treatments. 2 3

The home page of agroforestry databases 
(http://mirror.iasri.res.in/net) has been updated with 
the addition of bibliographic information system on 
Madhuca. The information on other related 
databases on forestry/agroforestry has been 
updated. 

Madhuca Bibliographic Information Systems

Lot of research has been carried out in India from 
early 70's on Madhuca. The information on the 
research papers pertaining to Indian context has 
been feeded in these databases. These databases can 
be used to trace the following information; the 
names of all researchers working on these two 
species with their affiliation addresses; the names 
and address of all institutes/ universities working on 
these two species; the list of all papers published 
from an institute; the list of the paper published by 
an author; list of all papers under a particular subject 
category out of several pre defined categories and 
many more queries.

AF 05.8: Agroforestry Database Development 
Programme 

(Ajit and A K Handa)

Table 39: Performance of groundnut in different demonstrations (2010)

Demonstration Pods/ Kernels/ Pod Haulm Biological Test Shelling
plant pod yield yield yield wt. (%)

-1 -1 -1(q ha ) (q ha ) (q ha ) (g)

Guava+groundnut-I 12.3 2.0 14.5 31.0 45.5 384.0 67.5

Guava+groundnut-II 14.7 2.1 15.2 31.8 47.0 384.6 68.2

Citrus+groundnut 13.3 2.1 14.7 30.9 45.6 383.9 68.0

Aonla+groundnut 13.1 1.9 13.1 30.1 52.6 384.0 67.0

Mean 13.4 2.0 14.4 31.0 47.7 384.1 67.7

Sole groundnut-1 15.9 2.1 15.9 32.0 47.9 384.0 68.7

Sole groundnut-2 17.2 2.1 15.6 32.9 48.8 385.9 68.5

Mean 16.6 2.1 15.8 32.5 48.4 385.5 68.6

Farmer's practice 11.5 1.9 11.3 26.8 38.1 362.3 67.0

Statistical analysis of the numeric data fed in the 
Madhuca database was performed using SAS-9.2 . 
proc UNIVARIATE, proc FREQ and proc SGPLOT 
were used for the comutaion of tables and 
preparation of graphs.
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The database at present encompasses a total of 366 
Indian Madhuca research records in all, with 
maximum records published in 2004 (25 records) 
and 2005 (24 records) followed by 2007 (23) and 
2000 (22). Looking to the year wise breakup of 
published information table, it is clear that almost 
50% of the total research has been carried out in 
the first decade (2000-2010) of this century, 
whereas the rest 50% was accomplished in the last 
three decades of nineteenth century. The database 
conceals 727 Indian authors who have researched 
on Madhuca. Research records could be traced on 
four varieties of Madhuca namely Madhuca 
bourdillonii, Madhuca butyracea, Madhuca 
malabarica and Madhuca latifolia/longifolia. 
Almost all (more than 97%) the available 
published articles traced through literature 
pertains to Madhuca latifolia/longifolia only, 
whereas the remaining three together accounts 
only for 2.5%. Maximum research has been 
carried out in Uttar Pradesh and Madhya Pradesh 
followed by southern states like Tamilnadu. 
Maximum research articles have been published 
from Tamil Nadu Agricultural University, 
Coimbatore, Tamil Nadu (17 records) followed by 
State Forest Research Institute, Jabalpur, Madhya 
Pradesh (13 records), National Research Centre 
for Agroforestry, Jhansi, Uttar Pradesh (11 
records) and Banaras Hindu University, Varanasi, 
Uttar Pradesh (10 records). 

Year wise classification of records published on 
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                 Cumulative                 Cumulative
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1971 1 0.27 1 0.27

1975 1 0.27 2 0.55

1976 2 0.55 4 1.09

1977 1 0.27 5 1.37

1978 1 0.27 6 1.64

1981 4 1.09 10 2.73
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1993 17 4.64 131 35.79

1994 12 3.28 143 39.07
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1996 12 3.28 166 45.36
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2007 23 6.28 359 98.09
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One-Way Frequencies 

The FREQ Procedure

Variety Frequency Percent Cumulative Cumulative 
Frequency Percent

Madhuca 2 0.55 2 0.55
bourdillonii

Madhuca 6 1.64 8 2.19
butyracea

Madhuca 357 97.54 365 99.73
latifolia

Madhuca 1 0.27 366 100.00
malabarica

AF 5.9: Evaluation of Ber Budding Programme 
in Bundelkhand Region of Central India

(R P Dwivedi, R K Tewari and R H Rizvi)

Data collected from 62 respondents. It is found that 
from respondents, farmers average family size was 
8.33, average Male members were 2.72, average 
Female were 2.43 and average Children were 3.53. 
Average holding size: 4.27 ha and irrigated land 
average: 4.24. Sixty-nine percent respondents have 
agriculture as a primary source of income whereas 
only 31% respondents have agriculture & animal 
husbandry as secondary source of income.

Only 26% farmers have spread technology 
horizontally (farmer to farmer). 32% Respondents 
are illiterate while rest are primary (12.90), middle 
(12.90), Highschool (14.52) and Intermediate 
(27.42%) respectively. The ITK observed as ber 
product Birchun (ber powder) consumed during 
Summer (April-June) to protect from hot waves 
called Loo.

Farmers' feedback reported such as: Desi ber, 
Improved ber are being sold at market, We require 
training in budding with proper guidance and 
technical knowledge, After pruning branches are 
used for brushwood fencing, as a fuel, Agricultural 
implements, Furniture, Developed social status, 
During January to March We use berchun as 
breakfast which protect from hotwaves, In 
improved ber insect problems is very much, In gola 
variety is more affected with insects while Sev 
variety is less affected, Known as skilled person for 
ber budding, We get additional income from the ber 

tree, Budded plants are pruned annually while desi 
ber are not pruned, Income without labour, Avoid 
sprouting of desi tillers. Used insecticides to protect 
khaira disease in ber and protection from insects, 
Environment improvement, Sustainable Income, 
Greenary ad Cheerful atmosphere. 

Basakhi crop

For the Basakhi crop, lac inoculation was made 
during October 2009 on Butea monosperma 
(NRCAF, JFM site and GKD WS) and Flemingia 
semialata (NRCAF). To avoid predation, some of 
the inoculated shoots were covered with muslin 
cloth bags. The settlement of lac insect ranges from 

2
31 (GKD WS) to 38 no / cm  (JFM site). As on 
December 2009, the survival of the lac insect on B. 
monosperma varies from 86 (NRCAF) to 90 per 
cent (JFM site & GKD WS). However, due to higher 
and prolonged temperature during summer season, 

st
mortality of lac insect was observed in 1  Week, 
June 2010 (Table 40).

In F. semialata, survival was extended up to last 
week of May 2010, when planted under neem or 
guava. While in the open condition, the mortality 

st
occurred in 1  Week, June 2010 (Table 41). At the 
same time, mortality was delayed (10-15 days) 
where the inoculated shoots are covered with 
muslin cloth bags. 

AF 05.10: Lac  based  Agroforestry  in 
Bundelkhand Region: Introduction 
and Evaluation

 (A Venkatesh, Rajendra Singh, Sudhir Kumar,  
S Ghosal and Md Monobrullahi - IINRG)

48

Katki crop

Brood lac of Rangeeni strain was inoculated during 
second week of July 2010 on B. monosperma 
(NRCAF, JFM site and GKD WS). The settlement 
of lac insect ranges from 19.1 (GKD WS) to 21.9 

2no./ cm  (JFM site). As on August 2010, the survival 
of the lac insect varies from 77.2 (JFM site) to 80.3 
per cent (NRCAF). Mature lac was harvested during 
last week of October 2010. Lac output ratio ranges 
from 1.22 (NRCAF) to 2.18 (JFM site) (Table 42).

Table 41: Performance of Lac (Baisakhi crop: 2009-10) in F. semialata 

Location Baisakhi

NRCAF, Jhansi NRCAF,  Nayakhera  
Under Neem Jhansi, open under Guava

Inoculation time Oct. 09 Oct. 09 Oct. 09

No. of inoculated trees 126 20 45

Inoculated brood lac (kgs) 1.25 0.75 1.0

-2Settlement (no. cm )

Minimum 14 16 23

Maximum 47 46 48

Mean 35.2 32 36.3

Survival (%) (as on Dec 09) 92.6 90.9 90.2

Sex ratio (Male : Female) 1:5.5 1:5.3 1:2.1

Remarks Mortality occurred Mortality occurred Mortality occurred
during last Week, during 1stWeek, during last Week,
May 2010 May 2010 May 2010

Table 40: Performance of Lac (Basakhi crop: 2009-10) in B. monosperma

Location NRCAF, Jhansi JFM site, Talbehat, U.P. GKD WS, Tikamgargh, M.P.

Inoculation time Oct. 09 Oct. 09 Oct. 09

No. of inoculated trees 12 3 4

Inoculated brood lac (kgs) 12.3 2 2

-2Settlement (no. cm )

Minimum 19 20 19

Maximum 58 50 47

Mean 34 38 31

Survival (%)

(as on Dec 09) 86 90 90

Sex ratio (Male:Female) 1:5.3 1:4.5 1:4.1

stRemarks Mortality occurred during 1  Week, June 2010
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One-Way Frequencies 

The FREQ Procedure

Variety Frequency Percent Cumulative Cumulative 
Frequency Percent

Madhuca 2 0.55 2 0.55
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Madhuca 6 1.64 8 2.19
butyracea

Madhuca 357 97.54 365 99.73
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Madhuca 1 0.27 366 100.00
malabarica
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8.33, average Male members were 2.72, average 
Female were 2.43 and average Children were 3.53. 
Average holding size: 4.27 ha and irrigated land 
average: 4.24. Sixty-nine percent respondents have 
agriculture as a primary source of income whereas 
only 31% respondents have agriculture & animal 
husbandry as secondary source of income.

Only 26% farmers have spread technology 
horizontally (farmer to farmer). 32% Respondents 
are illiterate while rest are primary (12.90), middle 
(12.90), Highschool (14.52) and Intermediate 
(27.42%) respectively. The ITK observed as ber 
product Birchun (ber powder) consumed during 
Summer (April-June) to protect from hot waves 
called Loo.

Farmers' feedback reported such as: Desi ber, 
Improved ber are being sold at market, We require 
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used for brushwood fencing, as a fuel, Agricultural 
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ber budding, We get additional income from the ber 

tree, Budded plants are pruned annually while desi 
ber are not pruned, Income without labour, Avoid 
sprouting of desi tillers. Used insecticides to protect 
khaira disease in ber and protection from insects, 
Environment improvement, Sustainable Income, 
Greenary ad Cheerful atmosphere. 

Basakhi crop

For the Basakhi crop, lac inoculation was made 
during October 2009 on Butea monosperma 
(NRCAF, JFM site and GKD WS) and Flemingia 
semialata (NRCAF). To avoid predation, some of 
the inoculated shoots were covered with muslin 
cloth bags. The settlement of lac insect ranges from 

2
31 (GKD WS) to 38 no / cm  (JFM site). As on 
December 2009, the survival of the lac insect on B. 
monosperma varies from 86 (NRCAF) to 90 per 
cent (JFM site & GKD WS). However, due to higher 
and prolonged temperature during summer season, 

st
mortality of lac insect was observed in 1  Week, 
June 2010 (Table 40).

In F. semialata, survival was extended up to last 
week of May 2010, when planted under neem or 
guava. While in the open condition, the mortality 

st
occurred in 1  Week, June 2010 (Table 41). At the 
same time, mortality was delayed (10-15 days) 
where the inoculated shoots are covered with 
muslin cloth bags. 

AF 05.10: Lac  based  Agroforestry  in 
Bundelkhand Region: Introduction 
and Evaluation

 (A Venkatesh, Rajendra Singh, Sudhir Kumar,  
S Ghosal and Md Monobrullahi - IINRG)
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Katki crop

Brood lac of Rangeeni strain was inoculated during 
second week of July 2010 on B. monosperma 
(NRCAF, JFM site and GKD WS). The settlement 
of lac insect ranges from 19.1 (GKD WS) to 21.9 

2no./ cm  (JFM site). As on August 2010, the survival 
of the lac insect varies from 77.2 (JFM site) to 80.3 
per cent (NRCAF). Mature lac was harvested during 
last week of October 2010. Lac output ratio ranges 
from 1.22 (NRCAF) to 2.18 (JFM site) (Table 42).

Table 41: Performance of Lac (Baisakhi crop: 2009-10) in F. semialata 

Location Baisakhi

NRCAF, Jhansi NRCAF,  Nayakhera  
Under Neem Jhansi, open under Guava

Inoculation time Oct. 09 Oct. 09 Oct. 09

No. of inoculated trees 126 20 45

Inoculated brood lac (kgs) 1.25 0.75 1.0

-2Settlement (no. cm )

Minimum 14 16 23

Maximum 47 46 48

Mean 35.2 32 36.3

Survival (%) (as on Dec 09) 92.6 90.9 90.2

Sex ratio (Male : Female) 1:5.5 1:5.3 1:2.1

Remarks Mortality occurred Mortality occurred Mortality occurred
during last Week, during 1stWeek, during last Week,
May 2010 May 2010 May 2010

Table 40: Performance of Lac (Basakhi crop: 2009-10) in B. monosperma

Location NRCAF, Jhansi JFM site, Talbehat, U.P. GKD WS, Tikamgargh, M.P.

Inoculation time Oct. 09 Oct. 09 Oct. 09

No. of inoculated trees 12 3 4

Inoculated brood lac (kgs) 12.3 2 2

-2Settlement (no. cm )

Minimum 19 20 19

Maximum 58 50 47

Mean 34 38 31

Survival (%)

(as on Dec 09) 86 90 90

Sex ratio (Male:Female) 1:5.3 1:4.5 1:4.1

stRemarks Mortality occurred during 1  Week, June 2010
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Table 42: Performance of Lac (Katki: 2010) in B. monosperma

Location NRCAF, Jhansi JFM site, Talbehat, U.P. GKD WS, Tikamgargh, M.P.

Inoculation time 14.07.10 15.07.10 15.07.10

No. of inoculated trees 8 3 3

Inoculated brood lac (kgs) 10.450 2 2

Settlement (no./ cm2)

Minimum 12 15 11

Maximum 25 27 28

Mean 19.3 21.9 19.1

Survival (%) (as on Aug.2010) 80.3 77.279.1

Sex ratio (Male:Female) 1:4.1 1:4.3 1:4.2

Harvesting time 22.10.10 23.10.10 23.10.10

Production (kg) 12.700 4.350 3.700

Lac out put ratio 1.22 2.18 1.85



2. Research Achievements

DST  Project

The total carbon stock in above, belowground 
biomass, soil carbon, non-woody litter was also 
predicted on regional level. The Jhansi district was

(a) Carbondioxide Sequestration Potential of 
Agroforestry Systems under Irrigated and 
Rainfed Conditions 

(Ram Newaj, Badre Alam, A Venkatesh, R S 
Yadav, Ajit and R H Rizvi) 

chosen to estimate carbon sequestration potential of 
agroforestry practices. The total carbon stock in 
above, belowground biomass, soil carbon, non-

-1woody litter was 6.2, 4.95, 9.44 and 0.65 t C ha , 
respectively during 2009 and the carbon stocks in 
these pools would be 12.03, 7.5, 16.21 and 2.34 t C 

-1
ha , respectively after 21-years.The carbon 
sequestration potential of agroforestry practices in 

-1Jhansi districts was 20.6 t C ha  in 2009 and it would 
-1 increase up to 35.74 t C ha after 21-years.
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Plate 6: Different trees are planted on field bunds under agroforestry practices in Jhansi districts of Bundelkhand region

Thermal Dissipation Sap Velocity Probe was 
installed in aonla (Emblica officinales) and anjan 

th(Hardwickia binata) on 24  June 2010. Water flow 
in Emblica officinalis during July, August, 
September, October, November and December 
2010 was 41.49, 30.22, 13.46, 17.97, 28.63, 3.52 
litres per day, respectively. Similarly for the 

Hardwickia binata water flow during the month of 
July, August, September, October, November and 
D e c e m b e r  2 0 1 0  w a s  6 7 . 8 6 ,  1 0 2 . 6 6 ,  
37.41,49.96,44.87,20.08 l i t res  per  day,  
respectively. The patterns of sap flow in aonla and 
Hardwickia for 15 days (1-15 Dec, 2010) are given 
in Fig. 27. 

Ziziphus mauritiana Phoenix

Butea monosperma Dalbergia sissoo
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Fig. 27: The patterns of sap flow in aonla and Hardwickia for 1-15 Dec., 2010

 (DST-Project)

Land Use/ Land Cover Analysis of Saharanpur 
District

Remote sensing satellite data of IRS P-6/ LISS III 
for the year 2007 was classified for different land 
uses and land covers. Land use and land cover 
classification using two methods is presented in 
Table 43. According to maximum likelihood

(b) Spatial and Temporal Analysis of 
Agroforestry Interventions in North-
western India using GIS and Remote 
Sensing 

(R H Rizvi, R S Yadav and Ramesh Singh)

classifier, the area under agroforestry comes out to 
be 77,260.10 ha, which is about 21.4 per cent of the 
district area (Fig. 28). Estimated area under 
agriculture, plantation and fallow/wastelands were 
about 37.2, 11.9 and 14.5 per cent, respectively. 
Reason for considerable area under fallow/ 
wastelands is that satellite imageries were of the 
month October and agricultural crops would have 
been harvested. According to minimum distance to 
mean classifier, the area under agroforestry was 
estimated to be 60,857.50 ha, which is about 16.8 
per cent of the district area. Area under agriculture 
and plantation come out to be about 44.7 and 12.5 
per cent, respectively.

Table 43:  Area under land uses/ land covers in Saharanpur district for year 2007

LU/LC classes Max. likelihood classifier Min. distance to mean classifier

Area (ha) Percentage Area (ha) Percentage

Agroforestry 77260.10 21.4 60857.50 16.8

Agriculture 134479.00 37.2 161727.00 44.7

Plantation 43141.90 11.9 45322.10 12.5

Builtups 20350.50 5.6 28589.20 7.9

Water/ water bodies 3046.70 0.8 2301.78 0.6

Fallow/ wastelands 52458.30 14.5 31938.90 8.8

Natural Forest 31000.00 8.6 31000.00 8.6

Total 361736.50 361736.50

Classification Accuracy

Area obtained for different land uses/ land covers by 
two methods was verified for accuracy on the basis 
of ground truth data collected from the district. The 
error matrixes for two methods indicated that 
overall accuracy in case of maximum likelihood 
classifier was 95 percent with Kappa coefficient of 
0.94, whereas overall accuracy was 90.4 per cent 
with Kappa coefficient of 0.88 in case of minimum

distance to mean classifier. Thus, maximum 
likelihood classifier was found more accurate and 
their estimated figures will be more reliable. Hence, 
agroforestry area obtained by this method was taken 
as the base for further analysis.

Agroforestry area in different climatic and 
edaphic conditions

Agroforestry area in Saharanpur district obtained
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from maximum likelihood classifier was further 
analyzed for different rainfall zones, soils group and 
land uses. Estimated agroforestry area in three 
rainfall zones viz. low (below 800 mm), medium 
(800-1000 mm) and high (above 1000 mm) is 
presented in Table 44. It was observed that 
agroforestry area was highest in medium rainfall 
zone and lowest in high rainfall zone. Reason being 
high rainfall zone comes under hills and foothills as 
depicted. Area under agroforestry was also 
estimated for three soils groups viz. Aquent-
Fluvents, Ochrepts-Psamments and Udalfs-
Ochrepts (Table 45). Agroforestry area was found 
highest (63.2%) under Ochrepts-Psamments soils 
group. This is due to the fact that soils under this 
group are alluvial soils which are fertile and well 
drained. Other two soils group consists of problem 
soils like water logged and poor red soils which 
could affect tree growth, hence, less adoption of 
agroforestry. Area under agroforestry was further 
grouped under three land uses viz. arable land 
(irrigated), arable land (un-irrigated) and forest land 
(Table 46). It was found that agroforestry area was 
maximum (90.9%) under arable land (irrigated). 
Proper irrigation facilities could lead to good crop 
yield as well as tree growth during its rotation 
period. 

Area under poplar and eucalyptus based 
agroforestry systems

The total agroforestry area was extracted and 
further classified into poplar and eucalyptus based 
systems with the help of ground truth data (Fig. 29 & 
30). Poplar and eucalyptus based systems accounted 
for 49193.80 (63.7%) and 28066.30 (36.3%), 
respectively. It clearly indicated that poplar based 
systems are more dominant than eucalyptus based 
systems. Ground truth data also confirmed this 
finding.

Temporal change in agroforestry area in 
Saharanpur district

Remote sensing satellite image of Saharanpur 
district for the year 1998 was also classified for land 
uses/ land covers (Fig. 31). Maximum likelihood 
classifier was applied because it was fond better 
method than minimum distance to mean (Table 47). 
According to this, area under agroforestry and 
agriculture come out to be 84918.80 ha (23.5%) and 
127230.00 ha (35.2%), respectively. There was 
decline in agroforestry area from year 1998 to year 
2007, which is about 7658.70 ha (9.0%). This 

Table 44: Area under agroforestry in different 
rainfall zone (2007)

Rainfall zone Area (ha) Percentage

Low (below 800 mm) 21319.15 27.6

Medium (800-1000 mm) 50607.31 65.5

High (above 1000 mm) 533.64 6.9

Total 77260.10

Table 45: Area under agroforestry in different 
soil groups (2007)

Soils group Area (ha) Percentage

Aquent-Fluvents 14103.01 18.2

Ochrepts-Psamments 48806.83 63.2

Udalfs-Ochrepts 14350.26 18.6

Total 77260.10

Table 46: Area under agroforestry in different 
land uses (2007)

Land use Area (ha) Percentage

Arable land (Irrigated) 70370.10 91.9

Arable land (Un-irrigated) 6630.72 8.6

Forest land 259.28 0.3

Total 77260.10

Table 47: Area under land uses/ land covers in 
Saharanpur district for year 1998

LU/LC classes             Max. likelihood classifier

Area (ha) Percentage

Agroforestry 84918.80 23.5

Agriculture 127230.00 35.2

Plantation 26101.18 7.2

Builtups 19535.90 5.4

Water/ water bodies 7312.61 2.0

Fallow/ wastelands 66190.90 18.3

Natural Forest 30446.11 8.4

Total 361736.50

decline in area is attributed to decrease in poplar 
wood prices in the market since 2001 till 2005. 
Temporal change in agroforestry area from year 
1998 to year 2007 is depicted in Fig. 32.  
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Fig. 27: The patterns of sap flow in aonla and Hardwickia for 1-15 Dec., 2010

 (DST-Project)

Land Use/ Land Cover Analysis of Saharanpur 
District

Remote sensing satellite data of IRS P-6/ LISS III 
for the year 2007 was classified for different land 
uses and land covers. Land use and land cover 
classification using two methods is presented in 
Table 43. According to maximum likelihood

(b) Spatial and Temporal Analysis of 
Agroforestry Interventions in North-
western India using GIS and Remote 
Sensing 

(R H Rizvi, R S Yadav and Ramesh Singh)

classifier, the area under agroforestry comes out to 
be 77,260.10 ha, which is about 21.4 per cent of the 
district area (Fig. 28). Estimated area under 
agriculture, plantation and fallow/wastelands were 
about 37.2, 11.9 and 14.5 per cent, respectively. 
Reason for considerable area under fallow/ 
wastelands is that satellite imageries were of the 
month October and agricultural crops would have 
been harvested. According to minimum distance to 
mean classifier, the area under agroforestry was 
estimated to be 60,857.50 ha, which is about 16.8 
per cent of the district area. Area under agriculture 
and plantation come out to be about 44.7 and 12.5 
per cent, respectively.

Table 43:  Area under land uses/ land covers in Saharanpur district for year 2007

LU/LC classes Max. likelihood classifier Min. distance to mean classifier

Area (ha) Percentage Area (ha) Percentage

Agroforestry 77260.10 21.4 60857.50 16.8

Agriculture 134479.00 37.2 161727.00 44.7

Plantation 43141.90 11.9 45322.10 12.5

Builtups 20350.50 5.6 28589.20 7.9

Water/ water bodies 3046.70 0.8 2301.78 0.6

Fallow/ wastelands 52458.30 14.5 31938.90 8.8

Natural Forest 31000.00 8.6 31000.00 8.6

Total 361736.50 361736.50

Classification Accuracy

Area obtained for different land uses/ land covers by 
two methods was verified for accuracy on the basis 
of ground truth data collected from the district. The 
error matrixes for two methods indicated that 
overall accuracy in case of maximum likelihood 
classifier was 95 percent with Kappa coefficient of 
0.94, whereas overall accuracy was 90.4 per cent 
with Kappa coefficient of 0.88 in case of minimum

distance to mean classifier. Thus, maximum 
likelihood classifier was found more accurate and 
their estimated figures will be more reliable. Hence, 
agroforestry area obtained by this method was taken 
as the base for further analysis.

Agroforestry area in different climatic and 
edaphic conditions

Agroforestry area in Saharanpur district obtained
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from maximum likelihood classifier was further 
analyzed for different rainfall zones, soils group and 
land uses. Estimated agroforestry area in three 
rainfall zones viz. low (below 800 mm), medium 
(800-1000 mm) and high (above 1000 mm) is 
presented in Table 44. It was observed that 
agroforestry area was highest in medium rainfall 
zone and lowest in high rainfall zone. Reason being 
high rainfall zone comes under hills and foothills as 
depicted. Area under agroforestry was also 
estimated for three soils groups viz. Aquent-
Fluvents, Ochrepts-Psamments and Udalfs-
Ochrepts (Table 45). Agroforestry area was found 
highest (63.2%) under Ochrepts-Psamments soils 
group. This is due to the fact that soils under this 
group are alluvial soils which are fertile and well 
drained. Other two soils group consists of problem 
soils like water logged and poor red soils which 
could affect tree growth, hence, less adoption of 
agroforestry. Area under agroforestry was further 
grouped under three land uses viz. arable land 
(irrigated), arable land (un-irrigated) and forest land 
(Table 46). It was found that agroforestry area was 
maximum (90.9%) under arable land (irrigated). 
Proper irrigation facilities could lead to good crop 
yield as well as tree growth during its rotation 
period. 

Area under poplar and eucalyptus based 
agroforestry systems

The total agroforestry area was extracted and 
further classified into poplar and eucalyptus based 
systems with the help of ground truth data (Fig. 29 & 
30). Poplar and eucalyptus based systems accounted 
for 49193.80 (63.7%) and 28066.30 (36.3%), 
respectively. It clearly indicated that poplar based 
systems are more dominant than eucalyptus based 
systems. Ground truth data also confirmed this 
finding.

Temporal change in agroforestry area in 
Saharanpur district

Remote sensing satellite image of Saharanpur 
district for the year 1998 was also classified for land 
uses/ land covers (Fig. 31). Maximum likelihood 
classifier was applied because it was fond better 
method than minimum distance to mean (Table 47). 
According to this, area under agroforestry and 
agriculture come out to be 84918.80 ha (23.5%) and 
127230.00 ha (35.2%), respectively. There was 
decline in agroforestry area from year 1998 to year 
2007, which is about 7658.70 ha (9.0%). This 

Table 44: Area under agroforestry in different 
rainfall zone (2007)

Rainfall zone Area (ha) Percentage

Low (below 800 mm) 21319.15 27.6

Medium (800-1000 mm) 50607.31 65.5

High (above 1000 mm) 533.64 6.9

Total 77260.10

Table 45: Area under agroforestry in different 
soil groups (2007)

Soils group Area (ha) Percentage

Aquent-Fluvents 14103.01 18.2

Ochrepts-Psamments 48806.83 63.2

Udalfs-Ochrepts 14350.26 18.6

Total 77260.10

Table 46: Area under agroforestry in different 
land uses (2007)

Land use Area (ha) Percentage

Arable land (Irrigated) 70370.10 91.9

Arable land (Un-irrigated) 6630.72 8.6

Forest land 259.28 0.3

Total 77260.10

Table 47: Area under land uses/ land covers in 
Saharanpur district for year 1998

LU/LC classes             Max. likelihood classifier

Area (ha) Percentage

Agroforestry 84918.80 23.5

Agriculture 127230.00 35.2

Plantation 26101.18 7.2

Builtups 19535.90 5.4

Water/ water bodies 7312.61 2.0

Fallow/ wastelands 66190.90 18.3

Natural Forest 30446.11 8.4

Total 361736.50

decline in area is attributed to decrease in poplar 
wood prices in the market since 2001 till 2005. 
Temporal change in agroforestry area from year 
1998 to year 2007 is depicted in Fig. 32.  
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Fig. 28: Land uses/land covers in Saharanpur 
maximum likelihood clasifier (2007)

using Fig.29: Distribution of agroforestry area in Saharanpur 
district in 2007

Distribution of Agroforestry Area in Saharanpur (2007)Land Use/Land Covers of Saharanpur (2007)

Fig. 30: Poplar and eucalyptus based Agroforestry 
systems in Saharanpur

Land Use and Land Covers of Saharanpur District (1998)

Fig. 31: Land use and land cover classification of 
Saharanpur district (1998)

Change in Agroforestry Area from 1998 to 2007

Fig. 32: Temporal change in agroforestry area in 
Saharanpur from 1998 to 2007

Different Agroforestry Systems in Saharanpur (2007)
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Network Project

Five agroforestry models at NRCAF, Jhansi and 
four at farmer's were developed for livelihood 
support ,  value addit ion and horizontal  
dissemination of technology. Additionally, three 
silvipasture models in the Joint Forest Management 
(JFM) site, Talbehat in 2 ha area was developed in 
2010 in collaboration with Department of Forest, 
U.P.

NRCAF Research Farm

A.   Development of agroforestry models

1.    Agri-horti-silviculture

Higher survival (100%), collar diameter (45.70 
cm) and height (252.86 cm) was observed in A. 
senegal after 18 months of planting, whereas 
minimum in C. carandus (Table 48). 

The yield of kharif crop i e., blackgram (PU-19) 

(e) Harvest and Post Harvest Processing and 
Value Addition of Natural Resins, Gums 
and Gum-resins

(A Venkatesh, A K Handa, R S Yadav, Ajit, 
Ramesh Singh and B Alam)

was drastically reduced due to problems 
exhibited from the seed source, throughout the 
Bundelkhand region. Vegetative growth 
particularly plant height gone up to 2.1 m, but 
grain formation was greatly affected. It took 
122 days for maturation. Plant growth attributes 
are minimum at closer to trees when compared 
to far away distance. The grain yield reduction 
under tree canopy in the order of A. senegal>C. 
limon>A. marmelos was recorded. Grain yield 

-1 
ranged from 2.84 q ha (A. senegal) to 10.02 q 

-1 
ha (open area) was observed (Table 49). It 
indicates high risk and uncertainties in 
agriculture which depends on many 
uncontrolled factors. Thus, integration of other 
commodities viz. fruit trees, gum yielding trees 
etc. will certainly help in risk portioning.

2.    Horti-silviculture I

A. senegal and C. limon recorded cent per cent 
survival. Maximum tree height and collar 
diameter was registered by A. senegal followed 
by C. limon. Terminalia arjuna trees were 
planted in the middle of the two tree rows at 1 x 
1 m spacing for tasar silk cultivation and 
medicinal plants viz., Alove vera and 
Cantheranthus roses (during 2010) were also 
introduced as intercrops. 

3.    Horti-silviculture II

High survival and tree growth was recorded by 
A. nilotica and P. guajava. At the age of 18 
months, 36 P. guajava trees started bearing, out 
of 48 trees. An average of 2.32 ± 0.19 kg per tree 
was produced with the total production of 2.80 

-1
q ha .

4.   Horti-Silviculture III

A. catechu recorded a survival of 75% while M. 
oleifera recorded 34.8%. Lesser survival by M. 
oleifera is due to biotic pressure from 
neighboring villagers. An average, M. oleifera 
produced 7 kg (fresh weight) drumsticks per 
tree.

At GKD Watershed

In Thakur das field, both A. nilotica and P. guajava 
recorded 77% survival, where as 50% in C. 
carandus. Tree height of A. nilotica was more 

-1
compared to others. He obtained 0.55 q ha  yield of 
blackgram as intercrop.

Higher survival in E. officinalis (94%) followed by 
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Fig. 28: Land uses/land covers in Saharanpur 
maximum likelihood clasifier (2007)

using Fig.29: Distribution of agroforestry area in Saharanpur 
district in 2007

Distribution of Agroforestry Area in Saharanpur (2007)Land Use/Land Covers of Saharanpur (2007)

Fig. 30: Poplar and eucalyptus based Agroforestry 
systems in Saharanpur

Land Use and Land Covers of Saharanpur District (1998)

Fig. 31: Land use and land cover classification of 
Saharanpur district (1998)

Change in Agroforestry Area from 1998 to 2007

Fig. 32: Temporal change in agroforestry area in 
Saharanpur from 1998 to 2007

Different Agroforestry Systems in Saharanpur (2007)
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Network Project

Five agroforestry models at NRCAF, Jhansi and 
four at farmer's were developed for livelihood 
support ,  value addit ion and horizontal  
dissemination of technology. Additionally, three 
silvipasture models in the Joint Forest Management 
(JFM) site, Talbehat in 2 ha area was developed in 
2010 in collaboration with Department of Forest, 
U.P.

NRCAF Research Farm

A.   Development of agroforestry models

1.    Agri-horti-silviculture

Higher survival (100%), collar diameter (45.70 
cm) and height (252.86 cm) was observed in A. 
senegal after 18 months of planting, whereas 
minimum in C. carandus (Table 48). 

The yield of kharif crop i e., blackgram (PU-19) 

(e) Harvest and Post Harvest Processing and 
Value Addition of Natural Resins, Gums 
and Gum-resins

(A Venkatesh, A K Handa, R S Yadav, Ajit, 
Ramesh Singh and B Alam)

was drastically reduced due to problems 
exhibited from the seed source, throughout the 
Bundelkhand region. Vegetative growth 
particularly plant height gone up to 2.1 m, but 
grain formation was greatly affected. It took 
122 days for maturation. Plant growth attributes 
are minimum at closer to trees when compared 
to far away distance. The grain yield reduction 
under tree canopy in the order of A. senegal>C. 
limon>A. marmelos was recorded. Grain yield 

-1 
ranged from 2.84 q ha (A. senegal) to 10.02 q 

-1 
ha (open area) was observed (Table 49). It 
indicates high risk and uncertainties in 
agriculture which depends on many 
uncontrolled factors. Thus, integration of other 
commodities viz. fruit trees, gum yielding trees 
etc. will certainly help in risk portioning.

2.    Horti-silviculture I

A. senegal and C. limon recorded cent per cent 
survival. Maximum tree height and collar 
diameter was registered by A. senegal followed 
by C. limon. Terminalia arjuna trees were 
planted in the middle of the two tree rows at 1 x 
1 m spacing for tasar silk cultivation and 
medicinal plants viz., Alove vera and 
Cantheranthus roses (during 2010) were also 
introduced as intercrops. 

3.    Horti-silviculture II

High survival and tree growth was recorded by 
A. nilotica and P. guajava. At the age of 18 
months, 36 P. guajava trees started bearing, out 
of 48 trees. An average of 2.32 ± 0.19 kg per tree 
was produced with the total production of 2.80 

-1
q ha .

4.   Horti-Silviculture III

A. catechu recorded a survival of 75% while M. 
oleifera recorded 34.8%. Lesser survival by M. 
oleifera is due to biotic pressure from 
neighboring villagers. An average, M. oleifera 
produced 7 kg (fresh weight) drumsticks per 
tree.

At GKD Watershed

In Thakur das field, both A. nilotica and P. guajava 
recorded 77% survival, where as 50% in C. 
carandus. Tree height of A. nilotica was more 

-1
compared to others. He obtained 0.55 q ha  yield of 
blackgram as intercrop.

Higher survival in E. officinalis (94%) followed by 



Table 48: Growth and survival of trees in the agroforestry models at NRCAF (18 MAP) 

Agroforestry Models Collar diameter (mm) Height (cm) Survival (%)

Agri-horti-silviculture

Acacia senegal (Kumat) 45.7 ± 2.4 252.9 ± 12.0 100

Citrus limon (Lemon) 21.3 ± 2.2 114.5 ± 07.8 96

Aegle marmelos (Beal) 33.1 ± 2.3 156.4 ± 14.5 96

Carrissa carandus (Karonda) 07.0 ± 0.6 40.7 ± 2.6 86

Horti-Silviculture I

Acacia senegal (Kumat) 56.0 ± 2.2 268.0 ± 7.0 100

Citrus limon (Lemon) 18.8 ± 1.1 82.1 ± 4.5 100

Terminalia arjuna (Arjun) 14.3 ± 0.7 71.9 ± 04.0 96

Acacia senegal (Kumat) (boundary) 32.6 ± 2.0 164.0 ± 10.3 96

Carrissa carandus (Karonda) 09.0 ± 1.4 39.3 ± 3.2 80

Horti-Silviculture II

Acacia  nilotica (Babul) 96.5 ± 3.5 367.5 ± 15.0 100

Psidium guajava (Guava) 27.8 ± 1.2 125.9 ± 5.7 100

Terminalia arjuna (Arjun) 16.1 ± 0.7 63.0± 03.8 85

Acacia senegal (Kumat) (boundary) 21.0 ± 3.4 139.0 ± 21.4 96

Carrissa carandus (Karonda) 8.4 ± 0.9 42.6 ± 2.8 80

Horti-Silviculture III

Acacia  catechu (Khair) 45.3 ± 4.1 211.8 ± 11.5 75

Moringa oleifera (Sahajan) 99.7 ± 12.1 415.0 ± 49.0 35

Acacia senegal (Kumat) (boundary) 15.7 ± 1.1 74.6 ± 6.0 87

Block plantation

Acacia senegal (Kumat) Damaged by fire
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A. senegal (83%) was observed in Himmat field. 
The yield of ground nut from the inter-spaces was 

-1
5.32 q ha . 

Lesser survival per cent of C. limon (30%) and E. 
officinalis (28%) was observed in Salig Ram field. 
A. nilotica which planted in the boundary was 
totally damaged due to Anna Pratha system of 
grazing (Table 50).These observations reveal that 
success of gum and resin yielding tree cultivation in 
the region largely depends upon the interest of 
farmer. 

At JFM site, Talbehat

Palas based silvi-pasture model

Three silvi-pasture models in the Joint Forest 
Management (JFM) site, Talbehat in 2 ha area were

developed in 2010 in collaboration with 
Department of Forest, U.P. This site is being 
managed under JFM concept. The site has plenty of 
natural stock of coppiced Butea monosperma. In 
interspaces the slips of Chrysopogon fulvus, 
Heteropogon contortus and Cenchrus setigerus 
were planted at 1x1m spacing and the seeds of Stylo 
hemata were sown in between the two rows of 
grasses. Planting / sowing were done during August, 
2010 and the initial establishment was assed on 
December, 2010. C. fulvus and C. setigerus 
recorded higher survival per cent (72.5%), while H. 
contortus shown comparatively lower (63.3%). 
Good germination of legume component (S. 
hemata) was observed with 24.3 plants per running 
meter (Table 51).
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Table 49: Growth and yield attributes of Blackgram (PU-19) under agri-horti-silviculture model
2 -2 -2Tree spp. (T) Plant population (no. m ) Plant height (m)      Total biomass (g m )       Grain yield (g m )

Distance from tree line (m) (D)

0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean

Acacia senegal 6 7 8 7 1.5 1.5 2.0 1.7 157.5 195.0 210.0 187.5 21.4 24.7 39.3 28.4

Citrus limon 7 9 10 8 1.9 2.0 2.1 2.0 184.0 215.0 243.0 214.0 31.0 49.3 64.2 48.1

Aegle marmelos 10 11 12 11 1.9 2.0 2.1 2.0 205.0 230.0 269.0 234.7 63.6 70.1 82.9 72.2

Control 16 16 16 16 2.1 2.1 2.1 2.1 310.0 310.0 310.0 310.0 100.2 100.2 100.2 100.2

Mean 10 10 11 1.8 1.9 2.1 214.1 237.5 258.0 54.0 61.1 71.6

T D TxD T D TxD T D TxD T D TxD

C.D. (0.05%) 0.93 0.80 1.60 0.26 0.22 0.45 26.03 22.54 45.08 7.33 6.35 12.70

Table 50: Growth parameters of trees in the agroforestry models at GKD Watershed (18 MAP)

* Emblica  officinalis planted during 2006

Plantation Collar diameter (mm) Plant height (cm) Survival %

Thakur Das 

Acacia  nilotica (Babul) 15.3 ± 1.3 147.8 ± 8.2 77

Psidium guajava (Guava) 11.8 ± 0.3 90.4 ± 3.7 77

Carrissa carandus (Karonda) 4.6 ± 0.2 42.5 ± 1.6 50

Himmat 

Acacia senegal (Kumat) 24.7 ± 2.7 139.0 ± 14.0 83

Emblica  officinalis (Anola)* 53.3 ± 3.5 224.0 ± 14.6 94

Carrissa carandus (Karonda) 5.4 ± 0.4 38.0 ± 2.3 26

Salig Ram

Emblica  officinalis (Anola) 8.6 ± 0.5 44.8 ± 2.5 28

Acacia  nilotica (Babul) -- -- 00

Citrus limon (Lemon) 6.3 ± 1.3 33.0 ± 6.0 30

Table 51:  Establishment of forage components at JFM site.

Forage components Nos. / Quantity Establishment (%)

Chrysopogon fulvus 4000 slips 72.5

Heteropogon contortus 4000 slips 63.3

Cenchrus setigerus 4000 slips 72.5

Stylosanthesis hemata 9 kg seeds 24.3 nos. per running meter 

National Bamboo Mission Project

Growth performance of bamboo

Growth attributes of D. strictus were recorded after 

(f) Development of Bamboo based Agroforestry 
Systems for Six Agroclimatic Zones

(S K Dhyani, S P Ahlawat, RV Kumar, Ram Newaj, 
R K Tewari, Ramesh Singh, R S Yadav,               

A Venkatesh and R P Dwivedi)

three years age (November-2010), under various 
treatments and presented in table 55. The results 
revealed that the average height was maximum 
under T (548.53cm) followed by T  (482cm) and T1 3 4 

(475.63cm) and least under T  (475.10cm).Average 2

clump diameter was found maximum under T  1

(554.69cm) followed by T  (512.85cm), T  2 3

(496.33cm) and T  (480cm). The total number of 4

culms/clump were highest in T (26.08) followed by 4 

 

     
 

 
 

 
 



Table 48: Growth and survival of trees in the agroforestry models at NRCAF (18 MAP) 

Agroforestry Models Collar diameter (mm) Height (cm) Survival (%)

Agri-horti-silviculture

Acacia senegal (Kumat) 45.7 ± 2.4 252.9 ± 12.0 100

Citrus limon (Lemon) 21.3 ± 2.2 114.5 ± 07.8 96

Aegle marmelos (Beal) 33.1 ± 2.3 156.4 ± 14.5 96

Carrissa carandus (Karonda) 07.0 ± 0.6 40.7 ± 2.6 86

Horti-Silviculture I

Acacia senegal (Kumat) 56.0 ± 2.2 268.0 ± 7.0 100

Citrus limon (Lemon) 18.8 ± 1.1 82.1 ± 4.5 100

Terminalia arjuna (Arjun) 14.3 ± 0.7 71.9 ± 04.0 96

Acacia senegal (Kumat) (boundary) 32.6 ± 2.0 164.0 ± 10.3 96

Carrissa carandus (Karonda) 09.0 ± 1.4 39.3 ± 3.2 80

Horti-Silviculture II

Acacia  nilotica (Babul) 96.5 ± 3.5 367.5 ± 15.0 100

Psidium guajava (Guava) 27.8 ± 1.2 125.9 ± 5.7 100

Terminalia arjuna (Arjun) 16.1 ± 0.7 63.0± 03.8 85

Acacia senegal (Kumat) (boundary) 21.0 ± 3.4 139.0 ± 21.4 96

Carrissa carandus (Karonda) 8.4 ± 0.9 42.6 ± 2.8 80

Horti-Silviculture III

Acacia  catechu (Khair) 45.3 ± 4.1 211.8 ± 11.5 75

Moringa oleifera (Sahajan) 99.7 ± 12.1 415.0 ± 49.0 35

Acacia senegal (Kumat) (boundary) 15.7 ± 1.1 74.6 ± 6.0 87

Block plantation

Acacia senegal (Kumat) Damaged by fire
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A. senegal (83%) was observed in Himmat field. 
The yield of ground nut from the inter-spaces was 

-1
5.32 q ha . 

Lesser survival per cent of C. limon (30%) and E. 
officinalis (28%) was observed in Salig Ram field. 
A. nilotica which planted in the boundary was 
totally damaged due to Anna Pratha system of 
grazing (Table 50).These observations reveal that 
success of gum and resin yielding tree cultivation in 
the region largely depends upon the interest of 
farmer. 

At JFM site, Talbehat

Palas based silvi-pasture model

Three silvi-pasture models in the Joint Forest 
Management (JFM) site, Talbehat in 2 ha area were

developed in 2010 in collaboration with 
Department of Forest, U.P. This site is being 
managed under JFM concept. The site has plenty of 
natural stock of coppiced Butea monosperma. In 
interspaces the slips of Chrysopogon fulvus, 
Heteropogon contortus and Cenchrus setigerus 
were planted at 1x1m spacing and the seeds of Stylo 
hemata were sown in between the two rows of 
grasses. Planting / sowing were done during August, 
2010 and the initial establishment was assed on 
December, 2010. C. fulvus and C. setigerus 
recorded higher survival per cent (72.5%), while H. 
contortus shown comparatively lower (63.3%). 
Good germination of legume component (S. 
hemata) was observed with 24.3 plants per running 
meter (Table 51).

56

Table 49: Growth and yield attributes of Blackgram (PU-19) under agri-horti-silviculture model
2 -2 -2Tree spp. (T) Plant population (no. m ) Plant height (m)      Total biomass (g m )       Grain yield (g m )

Distance from tree line (m) (D)

0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean 0.5 2.5 4.5 Mean

Acacia senegal 6 7 8 7 1.5 1.5 2.0 1.7 157.5 195.0 210.0 187.5 21.4 24.7 39.3 28.4

Citrus limon 7 9 10 8 1.9 2.0 2.1 2.0 184.0 215.0 243.0 214.0 31.0 49.3 64.2 48.1

Aegle marmelos 10 11 12 11 1.9 2.0 2.1 2.0 205.0 230.0 269.0 234.7 63.6 70.1 82.9 72.2

Control 16 16 16 16 2.1 2.1 2.1 2.1 310.0 310.0 310.0 310.0 100.2 100.2 100.2 100.2

Mean 10 10 11 1.8 1.9 2.1 214.1 237.5 258.0 54.0 61.1 71.6

T D TxD T D TxD T D TxD T D TxD

C.D. (0.05%) 0.93 0.80 1.60 0.26 0.22 0.45 26.03 22.54 45.08 7.33 6.35 12.70

Table 50: Growth parameters of trees in the agroforestry models at GKD Watershed (18 MAP)

* Emblica  officinalis planted during 2006

Plantation Collar diameter (mm) Plant height (cm) Survival %

Thakur Das 

Acacia  nilotica (Babul) 15.3 ± 1.3 147.8 ± 8.2 77

Psidium guajava (Guava) 11.8 ± 0.3 90.4 ± 3.7 77

Carrissa carandus (Karonda) 4.6 ± 0.2 42.5 ± 1.6 50

Himmat 

Acacia senegal (Kumat) 24.7 ± 2.7 139.0 ± 14.0 83

Emblica  officinalis (Anola)* 53.3 ± 3.5 224.0 ± 14.6 94

Carrissa carandus (Karonda) 5.4 ± 0.4 38.0 ± 2.3 26

Salig Ram

Emblica  officinalis (Anola) 8.6 ± 0.5 44.8 ± 2.5 28

Acacia  nilotica (Babul) -- -- 00

Citrus limon (Lemon) 6.3 ± 1.3 33.0 ± 6.0 30

Table 51:  Establishment of forage components at JFM site.

Forage components Nos. / Quantity Establishment (%)

Chrysopogon fulvus 4000 slips 72.5

Heteropogon contortus 4000 slips 63.3

Cenchrus setigerus 4000 slips 72.5

Stylosanthesis hemata 9 kg seeds 24.3 nos. per running meter 

National Bamboo Mission Project

Growth performance of bamboo

Growth attributes of D. strictus were recorded after 

(f) Development of Bamboo based Agroforestry 
Systems for Six Agroclimatic Zones

(S K Dhyani, S P Ahlawat, RV Kumar, Ram Newaj, 
R K Tewari, Ramesh Singh, R S Yadav,               

A Venkatesh and R P Dwivedi)

three years age (November-2010), under various 
treatments and presented in table 55. The results 
revealed that the average height was maximum 
under T (548.53cm) followed by T  (482cm) and T1 3 4 

(475.63cm) and least under T  (475.10cm).Average 2

clump diameter was found maximum under T  1

(554.69cm) followed by T  (512.85cm), T  2 3

(496.33cm) and T  (480cm). The total number of 4

culms/clump were highest in T (26.08) followed by 4 
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T (26.03), T  (24.18) and T  (20.25). The mean 1 2 3

number of new culms/clump was in the order of
T >T >T >T . Mean height of five culms was 4 1 2 3

maximum under T (473.97cm) and lowest in T  1 3

(417.59cm). Among different treatments T  had 1
rdhighest length at 3  internode (Table 53), while T  4

had lowest. Treatment T  had maximum culm 1
rddiameter at 3  internode. Treatment T  exhibited 1

maximum canopy followed by T , T  and T3 2 4 

treatments. There was no definite pattern in growth 
parameters due different treatments of spacing and 
intercropping.

Growth behavior of three bamboo species under a 
uniform spacing of 10x10m under agroforestry 
system is presented in Table 53. Mean plant height 
was recorded maximum in B. vulgaris (668.96cm)

  
 

 
    

  

 

 

 

followed by D. strictus (548.53) and B. tulda 
(229.56cm). Clump diameter was heights in B. 
vulgaris (568.85 cm) followed by D. strictus 
(554.69cm) and least in B. tulda (327.40cm).
Highest mean number of culms/clump was 
recorded in B. tulda (33.96) and least in B. 
vulgaris (25.93). Average number of new 
culms/clump was highest in B. tulda (4.70) and 
lowest in B. vulgaris (1.73). Average height of five 
culms was highest in B. vulgaris (599.28cm), 
followed by D. strictus (473.97cm) and B. tulda 
(186.58cm). Further B. vulgaris was found 
superior to D. strictus and B. tulda in respect of 

rdlength and diameter of 3  internode. The lowest 
values of B. tulda are due to the smallest size of 
seedlings at the time of planting.

 
  

 
   

  
 

 

 

Table 52: Growth performance of D. strictus under different treatments at the age of three years
Treatments and Height Clump New Total Ht of 5 Length Diameter Canopy

rd rdspacing (m) (cm) diameter culms culms culms of 3 of 3 (cm)
(cm)     (cm) Internode internode

(cm)  (mm)  

T (10x10m) Bamboo+ crop 548.53 554.69 4.47 26.03 473.97 16.46 29.41 470.811

T  (12x10m) Bamboo+ crop 475.10 512.85 2.18 24.18 425.49 16.33 27.99 416.132

T (10x10m) Bamboo alone 482.00 496.33 1.75 20.25 417.59 15.15 28.06 410.083

T (12x10m) Bamboo alone 475.63 480.12 2.33 26.08 420.17  14.50 27.90 355.774

Table 53: 
years
Performance of different species of bamboo under agroforestry systems at the age of three 

Treatments and Height Clump New Total Ht of 5 Length Diameter Canopy
rd rdspacing (m) (cm) diameter culms culms culms of 3 of 3 (cm)

(cm)     (cm) Internode internode
(cm)  (mm) 

B. vulgaris 668.96 568.85 2.59 25.93 599.28 25.00 38.82 551.79

B. tulda 229.56 327.40 4.70 33.96 186.58 23.40 19.05 238.22

D. strictus 548.53 554.69 4.47 26.03 473.97 16.46 29.41 470.81

Growth and yield of intercrops

This year chickpea and sesame was grown in rabi 
and kharif with D. stictus. The growth and yield data 
of chickpea is presented in Table 54. Data reveals 
that under different spacing of bamboo based 
agroforestry system, growth, yield and yield 
attributes were better under 10x10m as compared to 
12x10m spacing of D. strictus. However, 
performance of chickpea was better under control in 
comparison to the intercrop.

Growth and yield of lentil under two bamboo 
species i.e. Bambusa tulda and B. vulgaris are 
presented in Table 55. The value of growth, yield 
attributes and yield of lentil indicates that species 
of bamboo did not exhibit any definite trend in 
respect of all characters. Plant population, plant 
height, grain yield, and biological yield was higher
under Bambusa tulda, while straw weight/plant 

-1
and straw yield (kg ha ) was higher under B. 
vulgaris.
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Table 54: Growth and yield attributes of Chickpea intercrop in D. strictus based agroforestry system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (Q ha ) (Q ha ) (Q ha ) (%)

10X10 D. strictus 27.8 43.17 17.41 4.81 66.68 114.57 18.51 37.59 56.02 33.94

12x10 D. strictus 26.13 39.77 10.95 4.09 66.78 107.19 20.89 31.72 52.02 39.10

Control 32.33 48.73 21.47 5.33 72.8 163.05 34.17 43.56 77.73 43.94

Table 55: Growth and yield attributes of Lentil intercrop in different species of bamboo based 
agroforestry system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

B. vulgaris 88.80 41.92 57.09 5.86 17.36 32.86 607.93 1121.33 1729.27 35.10

B. tulda 106.67 82.32 58.45 7.29 18.94 24.28 685.87 1104.93 1790.8 38.36

Variation in Growth and yield of sesame was 
recorded under different spacing of bamboo (Table 
56). The grain yield of sesame varied from 505.13 to

-1689.57 kg ha  in different spacing of bamboo. The 
performance of crop under pure system was better 
than under intercrop of bamboo. The harvest index 
of till varied from 24.78% to 27.73% in pure as well 
as in intercrop with bamboo. Performance of crop 
was slightly better under sole crop.

   
  

 

The value of growth, yield attributes and yield of 
sesame indicates that two species of bamboo did not 
exhibit any definite trend in respect of all characters 
(Table 57). Plant population, branches/plant and 
grain weight/plant was higher under D. strictus, 
while number of pods/plant, straw weight/plant, 
straw yield, biological yield and harvest index was 
higher under B. tulda. Plant height was better under 
B. vulgaris.

 

 
 

 

Table 57: Growth and yield attributes of sesame (till) intercrop under different species of bamboo 

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

D.strictus 26 129.42 22.73 5.43 16.61 33.23 505.13 1519.21 2024.35 24.78

B.vulgaris 18.27 157.81 41.93 3.31 9.03 24.37 504.59 1431.54 1936.12 25.74

B.tulda 25.66 147.4 42.28 3.26 13.67 36.78 654.92 1768.95 2381.08 26.64

Effect on soil properties

Bamboo based agroforestry system had higher 
organic carbon in the soil in comparison to other 
land uses (Table 58). Electrical conductivity (EC) 
decreased under bamboo based system in 
comparison to fallow and cropping alone. However, 

there was no definite trend in soil pH under these 
systems, while at 0-5 cm soil depth bamboo based 
agroforestry system had lower soil pH. Further, 
availability of N and P in soil increased under 
bamboo based cropping system followed by 
bamboo sole at different soil depth (Table 59).

Table 56: Growth and yield attributes of sesame (till) intercrop in D. strictus based agroforestry 
system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

10X10 D. strictus 26 129.42 22.73 5.43 16.61 33.23 505.13 1519.21 2024.35 24.78

12x10 D. strictus 18.27 122.11 40.61 3.75 28.33 47.00 599.44 1688.20 1358.37 26.17

Control 28.67 154.73 57.87 4.07 25.00 68.10 689.57 1790 2479.57 27.73
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T (26.03), T  (24.18) and T  (20.25). The mean 1 2 3

number of new culms/clump was in the order of
T >T >T >T . Mean height of five culms was 4 1 2 3

maximum under T (473.97cm) and lowest in T  1 3

(417.59cm). Among different treatments T  had 1
rdhighest length at 3  internode (Table 53), while T  4

had lowest. Treatment T  had maximum culm 1
rddiameter at 3  internode. Treatment T  exhibited 1

maximum canopy followed by T , T  and T3 2 4 

treatments. There was no definite pattern in growth 
parameters due different treatments of spacing and 
intercropping.

Growth behavior of three bamboo species under a 
uniform spacing of 10x10m under agroforestry 
system is presented in Table 53. Mean plant height 
was recorded maximum in B. vulgaris (668.96cm)

  
 

 
    

  

 

 

 

followed by D. strictus (548.53) and B. tulda 
(229.56cm). Clump diameter was heights in B. 
vulgaris (568.85 cm) followed by D. strictus 
(554.69cm) and least in B. tulda (327.40cm).
Highest mean number of culms/clump was 
recorded in B. tulda (33.96) and least in B. 
vulgaris (25.93). Average number of new 
culms/clump was highest in B. tulda (4.70) and 
lowest in B. vulgaris (1.73). Average height of five 
culms was highest in B. vulgaris (599.28cm), 
followed by D. strictus (473.97cm) and B. tulda 
(186.58cm). Further B. vulgaris was found 
superior to D. strictus and B. tulda in respect of 

rdlength and diameter of 3  internode. The lowest 
values of B. tulda are due to the smallest size of 
seedlings at the time of planting.

 
  

 
   

  
 

 

 

Table 52: Growth performance of D. strictus under different treatments at the age of three years
Treatments and Height Clump New Total Ht of 5 Length Diameter Canopy

rd rdspacing (m) (cm) diameter culms culms culms of 3 of 3 (cm)
(cm)     (cm) Internode internode

(cm)  (mm)  

T (10x10m) Bamboo+ crop 548.53 554.69 4.47 26.03 473.97 16.46 29.41 470.811

T  (12x10m) Bamboo+ crop 475.10 512.85 2.18 24.18 425.49 16.33 27.99 416.132

T (10x10m) Bamboo alone 482.00 496.33 1.75 20.25 417.59 15.15 28.06 410.083

T (12x10m) Bamboo alone 475.63 480.12 2.33 26.08 420.17  14.50 27.90 355.774

Table 53: 
years
Performance of different species of bamboo under agroforestry systems at the age of three 

Treatments and Height Clump New Total Ht of 5 Length Diameter Canopy
rd rdspacing (m) (cm) diameter culms culms culms of 3 of 3 (cm)

(cm)     (cm) Internode internode
(cm)  (mm) 

B. vulgaris 668.96 568.85 2.59 25.93 599.28 25.00 38.82 551.79

B. tulda 229.56 327.40 4.70 33.96 186.58 23.40 19.05 238.22

D. strictus 548.53 554.69 4.47 26.03 473.97 16.46 29.41 470.81

Growth and yield of intercrops

This year chickpea and sesame was grown in rabi 
and kharif with D. stictus. The growth and yield data 
of chickpea is presented in Table 54. Data reveals 
that under different spacing of bamboo based 
agroforestry system, growth, yield and yield 
attributes were better under 10x10m as compared to 
12x10m spacing of D. strictus. However, 
performance of chickpea was better under control in 
comparison to the intercrop.

Growth and yield of lentil under two bamboo 
species i.e. Bambusa tulda and B. vulgaris are 
presented in Table 55. The value of growth, yield 
attributes and yield of lentil indicates that species 
of bamboo did not exhibit any definite trend in 
respect of all characters. Plant population, plant 
height, grain yield, and biological yield was higher
under Bambusa tulda, while straw weight/plant 

-1
and straw yield (kg ha ) was higher under B. 
vulgaris.
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Table 54: Growth and yield attributes of Chickpea intercrop in D. strictus based agroforestry system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (Q ha ) (Q ha ) (Q ha ) (%)

10X10 D. strictus 27.8 43.17 17.41 4.81 66.68 114.57 18.51 37.59 56.02 33.94

12x10 D. strictus 26.13 39.77 10.95 4.09 66.78 107.19 20.89 31.72 52.02 39.10

Control 32.33 48.73 21.47 5.33 72.8 163.05 34.17 43.56 77.73 43.94

Table 55: Growth and yield attributes of Lentil intercrop in different species of bamboo based 
agroforestry system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

B. vulgaris 88.80 41.92 57.09 5.86 17.36 32.86 607.93 1121.33 1729.27 35.10

B. tulda 106.67 82.32 58.45 7.29 18.94 24.28 685.87 1104.93 1790.8 38.36

Variation in Growth and yield of sesame was 
recorded under different spacing of bamboo (Table 
56). The grain yield of sesame varied from 505.13 to

-1689.57 kg ha  in different spacing of bamboo. The 
performance of crop under pure system was better 
than under intercrop of bamboo. The harvest index 
of till varied from 24.78% to 27.73% in pure as well 
as in intercrop with bamboo. Performance of crop 
was slightly better under sole crop.

   
  

 

The value of growth, yield attributes and yield of 
sesame indicates that two species of bamboo did not 
exhibit any definite trend in respect of all characters 
(Table 57). Plant population, branches/plant and 
grain weight/plant was higher under D. strictus, 
while number of pods/plant, straw weight/plant, 
straw yield, biological yield and harvest index was 
higher under B. tulda. Plant height was better under 
B. vulgaris.

 

 
 

 

Table 57: Growth and yield attributes of sesame (till) intercrop under different species of bamboo 

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

D.strictus 26 129.42 22.73 5.43 16.61 33.23 505.13 1519.21 2024.35 24.78

B.vulgaris 18.27 157.81 41.93 3.31 9.03 24.37 504.59 1431.54 1936.12 25.74

B.tulda 25.66 147.4 42.28 3.26 13.67 36.78 654.92 1768.95 2381.08 26.64

Effect on soil properties

Bamboo based agroforestry system had higher 
organic carbon in the soil in comparison to other 
land uses (Table 58). Electrical conductivity (EC) 
decreased under bamboo based system in 
comparison to fallow and cropping alone. However, 

there was no definite trend in soil pH under these 
systems, while at 0-5 cm soil depth bamboo based 
agroforestry system had lower soil pH. Further, 
availability of N and P in soil increased under 
bamboo based cropping system followed by 
bamboo sole at different soil depth (Table 59).

Table 56: Growth and yield attributes of sesame (till) intercrop in D. strictus based agroforestry 
system

Treatments Plant Plant No.of No. of Grain Straw  Grain Straw Biological Harvest 
Population/ Height pods/ branch/ Wt./ Wt./ yield yield yield index 

2 -1 -1 -1(m ) (cm) plant plant plant (g) plant (g) (kg ha ) (kg ha ) (kg ha ) (%)

10X10 D. strictus 26 129.42 22.73 5.43 16.61 33.23 505.13 1519.21 2024.35 24.78

12x10 D. strictus 18.27 122.11 40.61 3.75 28.33 47.00 599.44 1688.20 1358.37 26.17

Control 28.67 154.73 57.87 4.07 25.00 68.10 689.57 1790 2479.57 27.73
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Table 58: Soil pH, EC (dS m ) and organic carbon (g kg ) under bamboo based agroforestry

Systems pH EC OC

  Soil depth (cm)

0-5 5-15 15-30 0-5 5-15 15-30 0-5 5-15 15-30

Bamboo + Crop 6.49 6.60 6.63 0.070 0.049 0.035 6.54 5.94 4.44

Bamboo 6.75 6.72 6.85 0.085 0.049 0.046 6.36 5.82 4.50

Fallow 6.54 6.60 6.54 0.120 0.058 0.051 5.46 4.68 3.42

Cropping 6.63 6.56 6.54 0.145 0.085 0.080 5.82 5.04 4.26

-1 -1
Table 59: Soil available N (mg kg ) and P (mg kg ) under bamboo based agroforestry

Systems Available Nitrogen Available Phosphorous

Soil depth (cm)

0-5 5-15 15-30 0-5 5-15 15-30

Bamboo + Crop 91.3 86.2 80.9 6.22 5.28 4.10

Bamboo 83.7 77.6 78.4 4.72 4.07 3.54

Fallow 78.1 72.5 73.9 3.89 3.80 3.67

Cropping 80.1 80.9 73.4 4.34 4.22 3.53

Agroforestry experiments on farmer's fields 

Bambusa vulgaris planted (77 Nos.) during July 

2008, under the agroforestry system, at the 

boundary of Shri H. S. Rajpoot at village 

Hastinapur, Jhansi recorded maximum height

among all the three species. It may be due to better 
management by the farmer and availability of 
moisture throughout the year in farmer's field. 

-1During kharif season ground nut (275kg ha ) and in 
-1rabi season wheat (3378kg ha ) were taken. The 

crop history of the farmer is given in  Table 60.  

Table 60: Growth of Bambusa vulgaris

Height Clump New Total Ht of 5 Length of Diameter of Canopy 
rd rd 

(cm)  diameter culms culms culms 3  Inter 3 Inter (cm)
 (cm) (cm)  node (cm) node (mm)

701.2 346.6 3.4 13.4 504 19.113 41.197 477.2

National Project on Climate Change

The project was initiated during 2009 to 
study the carbon sequestration potential 
of agroforestry practices in Bundelkhand 
region. The regions spread over 13 
districts (7 districts of Uttar Pradesh and 
6 of Madhya Pradesh). The study was under taken in 7 districts of Uttar Pradesh. 

(f) Studies on Mitigation Potential 
of Different Agroforestry 
Systems on Climate Change

(Ram Newaj, Badre Alam, A K Handa, 
Ajit, Rajendra Prasad and 

Ramesh Singh)
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All trees are either on bund or scattered in field were 
enumerated.About 41 tree species were found in the 
farmer's field. These trees were categorized as slow, 
medium and fast growing according to their growth 
habit. Rice, soybean, blackgram, greengram, 

groundnut, sesame and pigeonpea in kharif and 
wheat, barley, chickpea, lentil, pea, mustard and 
taramira are major crops. Sugarcane and blackgram 
/greengram as zaid crops were also observed in 
some districts (Table 61). 

Table 61: Land use pattern of Bundelkhand in ha (U.P.)

Source: Directorate of Economics and Statistics, Ministry of Agril.-Gov. of India (2004-05)

District Reported Forests Wastelands Non-agriculture Agriculture
area  lands lands

(Area in hectare)

Lalitpur 507500 76160 99346 54000 277994

Hamir pur 390178 23520 26313 39626 300719

Jalaun 454434 25640 29693 48805 350296

Chitrakoot 338897 55754 56808 52485 173850

Banda 438767 5228 41239 40828 351472

Mahoba 327429 15992 27649 45487 238301

Jhansi 501329 34378 52012 73561 341378

Total 2958534 236672 333060 354792 2034010

General information about each district (situation, 

boundary, soil type, rainfall, temperature, and 

human and livestock population) and maps of each 

block were collected to select the village and their 

location. Rainfall of Jhansi district on daily basis for 

the period of 1944 to 2006 was collected and 

analyzed. Average annual rainfall for the period of 

last 66 years was 877.4 mm, however during last 9 

years it was 729.4 mm, about 17 per cent less than 

the long term average. Number of rainy days was 

also declined by 16 per cent during last 9 years. 

Max. and min. temperature of Jhansi district on 

daily basis were also obtained for 32 years (1975-

2006). Analysis at an interval of 10 years revealed 

that the average min. and max. temperature were flat 

during the month of November, December and 

February, however, there was a declining trend in 

both the cases for the month of January.The rainfall 

and temperature are not available for other districts.

A sample of six villages per block was selected for 

the field survey such that they truly represent the 

block. The survey was conducted on the basis of 

transect walk in the village along with village 

head, local farmers and village youth.The 

sampling on farm lands involves enumeration of 

all trees on farmlands, farm bunds, culturable 

wastelands etc. All trees more than 1.5 m height 

and 5 cm dbh were enumerated. Data was 

generated for different tree species and their 

intensity for a particular village. Species specific 

or generic volume equations from FSI Report 
-3(2009) were used to convert dbh into volume m  

per hectare and extrapolated for the region. Data 

from all the seven districts was computed and 

estimation was made for whole of the region. The 

data was used in CO  fix 3.1 model. The 2

component wise biomass was estimated on the 

basis of relative stem growth. Wood litter was 

estimated on the basis of secondary data and 

converted into turnover rate of each component. 

The main parameters used for input datasheet are 

mentioned in table 62.
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Table 58: Soil pH, EC (dS m ) and organic carbon (g kg ) under bamboo based agroforestry

Systems pH EC OC

  Soil depth (cm)

0-5 5-15 15-30 0-5 5-15 15-30 0-5 5-15 15-30

Bamboo + Crop 6.49 6.60 6.63 0.070 0.049 0.035 6.54 5.94 4.44

Bamboo 6.75 6.72 6.85 0.085 0.049 0.046 6.36 5.82 4.50

Fallow 6.54 6.60 6.54 0.120 0.058 0.051 5.46 4.68 3.42

Cropping 6.63 6.56 6.54 0.145 0.085 0.080 5.82 5.04 4.26

-1 -1
Table 59: Soil available N (mg kg ) and P (mg kg ) under bamboo based agroforestry

Systems Available Nitrogen Available Phosphorous

Soil depth (cm)

0-5 5-15 15-30 0-5 5-15 15-30

Bamboo + Crop 91.3 86.2 80.9 6.22 5.28 4.10

Bamboo 83.7 77.6 78.4 4.72 4.07 3.54

Fallow 78.1 72.5 73.9 3.89 3.80 3.67

Cropping 80.1 80.9 73.4 4.34 4.22 3.53

Agroforestry experiments on farmer's fields 

Bambusa vulgaris planted (77 Nos.) during July 

2008, under the agroforestry system, at the 

boundary of Shri H. S. Rajpoot at village 

Hastinapur, Jhansi recorded maximum height

among all the three species. It may be due to better 
management by the farmer and availability of 
moisture throughout the year in farmer's field. 

-1During kharif season ground nut (275kg ha ) and in 
-1rabi season wheat (3378kg ha ) were taken. The 

crop history of the farmer is given in  Table 60.  

Table 60: Growth of Bambusa vulgaris

Height Clump New Total Ht of 5 Length of Diameter of Canopy 
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(cm)  diameter culms culms culms 3  Inter 3 Inter (cm)
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701.2 346.6 3.4 13.4 504 19.113 41.197 477.2
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The project was initiated during 2009 to 
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of agroforestry practices in Bundelkhand 
region. The regions spread over 13 
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6 of Madhya Pradesh). The study was under taken in 7 districts of Uttar Pradesh. 

(f) Studies on Mitigation Potential 
of Different Agroforestry 
Systems on Climate Change

(Ram Newaj, Badre Alam, A K Handa, 
Ajit, Rajendra Prasad and 

Ramesh Singh)
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All trees are either on bund or scattered in field were 
enumerated.About 41 tree species were found in the 
farmer's field. These trees were categorized as slow, 
medium and fast growing according to their growth 
habit. Rice, soybean, blackgram, greengram, 

groundnut, sesame and pigeonpea in kharif and 
wheat, barley, chickpea, lentil, pea, mustard and 
taramira are major crops. Sugarcane and blackgram 
/greengram as zaid crops were also observed in 
some districts (Table 61). 

Table 61: Land use pattern of Bundelkhand in ha (U.P.)

Source: Directorate of Economics and Statistics, Ministry of Agril.-Gov. of India (2004-05)

District Reported Forests Wastelands Non-agriculture Agriculture
area  lands lands

(Area in hectare)

Lalitpur 507500 76160 99346 54000 277994

Hamir pur 390178 23520 26313 39626 300719

Jalaun 454434 25640 29693 48805 350296

Chitrakoot 338897 55754 56808 52485 173850

Banda 438767 5228 41239 40828 351472

Mahoba 327429 15992 27649 45487 238301

Jhansi 501329 34378 52012 73561 341378

Total 2958534 236672 333060 354792 2034010

General information about each district (situation, 

boundary, soil type, rainfall, temperature, and 

human and livestock population) and maps of each 

block were collected to select the village and their 

location. Rainfall of Jhansi district on daily basis for 

the period of 1944 to 2006 was collected and 

analyzed. Average annual rainfall for the period of 

last 66 years was 877.4 mm, however during last 9 

years it was 729.4 mm, about 17 per cent less than 

the long term average. Number of rainy days was 

also declined by 16 per cent during last 9 years. 

Max. and min. temperature of Jhansi district on 

daily basis were also obtained for 32 years (1975-

2006). Analysis at an interval of 10 years revealed 

that the average min. and max. temperature were flat 

during the month of November, December and 

February, however, there was a declining trend in 

both the cases for the month of January.The rainfall 

and temperature are not available for other districts.

A sample of six villages per block was selected for 

the field survey such that they truly represent the 

block. The survey was conducted on the basis of 

transect walk in the village along with village 

head, local farmers and village youth.The 

sampling on farm lands involves enumeration of 

all trees on farmlands, farm bunds, culturable 

wastelands etc. All trees more than 1.5 m height 

and 5 cm dbh were enumerated. Data was 

generated for different tree species and their 

intensity for a particular village. Species specific 

or generic volume equations from FSI Report 
-3(2009) were used to convert dbh into volume m  

per hectare and extrapolated for the region. Data 

from all the seven districts was computed and 

estimation was made for whole of the region. The 

data was used in CO  fix 3.1 model. The 2

component wise biomass was estimated on the 

basis of relative stem growth. Wood litter was 

estimated on the basis of secondary data and 

converted into turnover rate of each component. 

The main parameters used for input datasheet are 

mentioned in table 62.
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Base line Carbon

The carbon pools selected for base line 

development are aboveground biomass,  

belowground biomass and soil organic carbon. 

Dead wood was not included as this was not a major 

carbon pool under agroforestry. 

The information on soils was collected from 

secondary sources for each district. The soils of 

bundelkhand are broadly classified into two groups 

viz. red and black. Red soils are divided into rakar 

and parwa type of soils whereas, black soils into mar 

and kabar soils type. The soil organic carbon varied 
-1from 6.7 to 10.3 t C ha . 

The biomass stock (above and below ground) in 

trees was estimated using CO  Fix model. The total 2

biomass under baseline varied from 7.48 to 29.95 t 
-1

ha  in different districts of Bundelkhand region. 

Tree density in different districts ranged from 4.31 
-1 

to 15.95 ha (Table 63). 

Table 62: Main parameter used for simulating the uneven-aged trees in agroforestry practices using 
CO  Fix model2

Cohorts Slow Medium Fast Under-
growing tree growing tree growing tree storey

Average age of tree (yr) 40 30 15 -

Corresponding dbh  (cm) 29 23 12 -

Rotation (year) 61 56 36 0

Corresponding dbh  (cm) 44 42 27 -
-3Wood density (kg m ) 0.67 0.65 0.61 -

Carbon content (% of dry weight) 48 48 48 48

Turnover rate per year  (in fraction)

Foliage 0.6 0.5 0.4 0.9

Branch 0.02 0.01 0.01 -

Roots 0.02 0.02 0.02 0.9

Use of stem, branch and  leave  (in  fraction)  

Stem log wood 0.8 0.8 0.8 -

Stem slash 0.2 0.2 0.2 -

Branch log wood 0.2 0.2 0.2 -

Branch slash 0.8 0.8 0.8 -

Foliage slash 0.3 0.3 0.3 0.80

Foliage slash soil 0.7 0.7 0.7 0.20

Tree Cellulose Hemi- Lignin Water 
(%) cellulose (%) (%)  soluble

compound
(%)

14.9- 27.5 8.4 - 12.26 11.5-13.8 23.3-32.77

Crop -legume 23.63-29.28 7.06-10.95 9.61-12.27 22.8-32.65

Non-legume 28.36-32.23 19.06-24.83 5.81-8.01 22.6-32.84
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M e t h o d o l o g y  f o r  e s t i m a t i n g  c a r b o n  
sequestration potential of Bundelkhand region

Parameterization of CO FIX model for District 2

wise survey data of Bundelkhand

CO FIX model requires primary as well as secondary 2

data on tree and crop components (cohorts) for 
preparing the account of carbon sequestered under 
agroforestry systems on per hectare basis. The 
primary data includes the name of the tree species on 
farmlands along with their number, dbh (diameter at 
breast height), crops grown by farmers on farmlands 
along with their productivity, area coverage etc. 
Whereas the secondary data includes the growth rates 
of tree biomass components (stem, branch, foliage 
and root) for various species on annual basis as well as 
the productivity of different crops grown in that 
region. 

Tree growth equations, available in FSI-2009 report 
for the species found in survey, were used to 

3generate the dbh (m) and stem volume (m /tree) 
data. Data sets were clubbed into single file for the 
slow, medium and fast growing species separately. 
These three data sets were independently used to fit 
non-linear functions for stem volume-dbh 
relationships. These tree wise absolute stem 
volume-dbh relationships were converted into 
hectare wise stem volume-dbh relationships, 
depending upon average number of trees found in a 
village in a specified category (slow/medium/fast). 
This dbh was transformed back into age to obtain 
hectare wise stem volume –age relationships. 
Ultimately, these absolute stem volume values were 
converted into CAI (current annual increment) 
values of stem volume by taking the difference of 

current year value from preceding year value. Thus, 
obtained the CAI equations for stem-volume-age 
for the three categories/cohorts of slow, medium 
and fast growing trees in a given district. 

The harvested data available for different tree 
species (classified under the slow, medium and fast 
growing categories/cohorts) at National Research 
Centre for Agroforestry, Jhansi was used to find out 
the relative growth of foliage, branch and root with 
respect to stem. These relative proportions were 
parameterized in CO FIX model for branch, foliage 2

and root growth.

In order to simulate the crop component, the crop 
was considered as a 'tree' with a very small stem 
volume, no branches and a lot of foliage and roots. 
Characteristic for cropland systems are the high 
turnover rates in foliage and roots, in this case set at 
0.9 for both. 

Simulation of tree and crop biomass (above and 
belowground), soil carbon and carbon sequestered 
was done for 21-years in each district on per hectare 
and average values of all the districts have been 
presented in Table 64. The values of above 
parameters were converted on regional basis by 
multiplying the area under agriculture in which 
trees are growing naturally or planted by the 
farmers.  On an average tree biomass in 2010 was 

-1 -22.36 t ha  and after 21-years it would be 33.15 t ha
1in different districts of Bundelkhand region (Table 
64). Similarly, soil carbon in beginning was 9.21 t C 

-1
ha  and in end of rotation period the soil carbon 

-1
would be 17.38 t C ha . The crop biomass was 
higher in beginning and it reduced in subsequent 
year. Carbon sequestration potential varied in each 

Table 63: Tree density in different districts
-1

Districts No. of trees ha Total

Slow Medium Fast

Jhansi 3.29 7.01 1.27 11.56

Lalitpur 4.79 8.10 3.07 15.95

Hamirpur 2.96 5.12 0.46 8.53

Jalaun 0.73 2.76 0.81 4.31

Banda 1.60 4.25 1.71 7.56

Mahoba 5.72 4.52 1.56 11.80

Chitrakoot 5.64 7.25 1.68 14.57

Mean 3.53 5.57 1.51 10.62
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Base line Carbon

The carbon pools selected for base line 

development are aboveground biomass,  

belowground biomass and soil organic carbon. 

Dead wood was not included as this was not a major 
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and kabar soils type. The soil organic carbon varied 
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biomass under baseline varied from 7.48 to 29.95 t 
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Parameterization of CO FIX model for District 2

wise survey data of Bundelkhand
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agroforestry systems on per hectare basis. The 
primary data includes the name of the tree species on 
farmlands along with their number, dbh (diameter at 
breast height), crops grown by farmers on farmlands 
along with their productivity, area coverage etc. 
Whereas the secondary data includes the growth rates 
of tree biomass components (stem, branch, foliage 
and root) for various species on annual basis as well as 
the productivity of different crops grown in that 
region. 

Tree growth equations, available in FSI-2009 report 
for the species found in survey, were used to 

3generate the dbh (m) and stem volume (m /tree) 
data. Data sets were clubbed into single file for the 
slow, medium and fast growing species separately. 
These three data sets were independently used to fit 
non-linear functions for stem volume-dbh 
relationships. These tree wise absolute stem 
volume-dbh relationships were converted into 
hectare wise stem volume-dbh relationships, 
depending upon average number of trees found in a 
village in a specified category (slow/medium/fast). 
This dbh was transformed back into age to obtain 
hectare wise stem volume –age relationships. 
Ultimately, these absolute stem volume values were 
converted into CAI (current annual increment) 
values of stem volume by taking the difference of 

current year value from preceding year value. Thus, 
obtained the CAI equations for stem-volume-age 
for the three categories/cohorts of slow, medium 
and fast growing trees in a given district. 

The harvested data available for different tree 
species (classified under the slow, medium and fast 
growing categories/cohorts) at National Research 
Centre for Agroforestry, Jhansi was used to find out 
the relative growth of foliage, branch and root with 
respect to stem. These relative proportions were 
parameterized in CO FIX model for branch, foliage 2

and root growth.

In order to simulate the crop component, the crop 
was considered as a 'tree' with a very small stem 
volume, no branches and a lot of foliage and roots. 
Characteristic for cropland systems are the high 
turnover rates in foliage and roots, in this case set at 
0.9 for both. 

Simulation of tree and crop biomass (above and 
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was done for 21-years in each district on per hectare 
and average values of all the districts have been 
presented in Table 64. The values of above 
parameters were converted on regional basis by 
multiplying the area under agriculture in which 
trees are growing naturally or planted by the 
farmers.  On an average tree biomass in 2010 was 

-1 -22.36 t ha  and after 21-years it would be 33.15 t ha
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ha  and in end of rotation period the soil carbon 

-1
would be 17.38 t C ha . The crop biomass was 
higher in beginning and it reduced in subsequent 
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districts depending upon the tree density, growth 
and age of trees. On an average carbon sequestered 
in different districts of the region during 2010 was 

-1
22.42 t C ha  and likely to increased up to 35.78 t C 

-1ha  at end of the rotation period.  The tree biomass, 
soil carbon and carbon sequestration potential of 
region in 2030 would be 67.42, 35.36 and 72.77 
million tones (Table 65). 

Table 64: Tree and crop biomass (above and belowground), soil carbon and carbon sequestered in 
different districts of the region

Year Tree biomass Crop biomass Soil Carbon Carbon sequestered

      (Tonnes per hectare)

2010 22.36 5.77 9.21 22.42

2015 22.88 6.01 14.85 29.50

2020 27.65 5.78 15.80 31.54

2025 30.47 5.61 16.68 33.72

2030 33.15 5.50 17.38 35.78

During the year an attempt was made to study 
distribution of sequestered carbon in different tree-
components of eight important agroforestry tree 
species viz. Eucalyptus tereticornis, Albizia  
procera, Azadirachta indica, Acacia nilotica,  
Butea  monosperma, Dalbergia sissoo, Anogeissus 
pendula and Embilica officinalis of Bundelkhand 
region in Central India, and develop an alternative 
method for making realistic estimates of carbon  in 
trees. Calcium being an immobile element was used 
as an indicator for estimating carbon content of 
selected agroforestry trees for the purpose about 
10years old. 

Two trees of each species were selected and marked. 
The height and girth of each tree was measured. A 
sample   of about 250 grams of wood, bark, branch, 
root and foliage was taken for estimation of carbon 
and calcium contents. Carbon content in all 
collected sample was estimated by dry ashing 
method and calcium content determined with help 
of Flame photometer. The relationship between 
calcium and carbon content was worked out to find 

out whether Ca can be used as an indicator for C 
content of the trees.  

Allocation of carbon (C) in tree-components

Irrespective of tree species, on an average, 
maximum carbon content was observed in branch 
which was statistically at par with carbon content in 
stem. In general, the order of carbon content in tree-
components was branch =stem > root > foliage> 
stem bark = branch bark. The order of carbon 
content in different tree species was Eucalyptus 
tereticornis = Azadirachta indica = Acacia nilotica 
= Butea monosperma> Albizia procera = 
Dalbergia sissoo> Embilica officinalis = 
Anogeissus pendula. All the tree species contained 
maximum carbon in stem / branch wood and the 
minimum in bark.  

The highest dry biomass, carbon content, equivalent 
CO  and CO  sequestration rate were observed in A. 2 2

procera followed by Eucalyptus. The minimum 
biomass, carbon content, CO  equivalent and CO  2 2

sequestration rate were noticed in A. pendula. The 

Table 65:  Biomass and carbon sequestration potential of the region

Year Tree biomass Crop biomass Soil Carbon Carbon sequestered

(Million tones)

2010 45.48 11.73 18.73 45.61

2015 46.53 12.23 30.21 60.01

2020 56.25 11.76 32.13 64.16

2025 61.98 11.40 33.93 68.59

2030 67.42 11.18 35.36 72.77
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carbon sequestration rate varied from species to 
species. 

Allocation of Calcium content (Ca) in tree-
components

Like carbon content, Ca content varied significantly 
among trees and its components. Irrespective of tree-
components, on an average, highest Ca content was 
observed in D. sissoo (2.139%) followed by A. indica, 
which was statistically at par with A. procera  and E. 
officinalis. The lowest Ca content was observed in A. 
pendula (0.923%). Among the tree-components, 
maximum Ca content was found in branch bark 
(2.559%) which was statistically at par with foliage 
(2.525%). The lowest Ca was found in stem wood 
(0.555%). In general, Ca content was higher in foliage 
and bark than the other tree-components.  

Relationship between carbon and calcium 
content of tree-components

Correlation matrix was performed between Ca and 
C content in tree-component of different tree 
species to know whether Ca content can be used as 
an indicator of carbon estimation. Highly 
significant negative correlation (P ≤ 0.01) existed 

between Ca and C content in stem wood (r = -0.860), 
stem bark (r = -0.724), branch wood (r=-0.80), 
branch bark (r = -0.65) and foliage (r=-0.72). 

Highly significant correlation between C and Ca 
content verifies the hypothesis of using Ca content 
as an indicator for estimating C content of various 
tree-components. The negative correlation signifies 
decreasing trends in C with increase in Ca content. 
The regression equation between C and Ca content 
for stem, branch and foliage (Fig.33) worked out to 
be as:

2=
Stem: y= -5.14x + 47.42;  R  0.74

2
Branch: y=-1.778x+46.15; R = 0.641

2Foliage   y= -1.769x+45.13; R =0.515

Where; y is the carbon content (%) and x is the Ca 
content (%).  

The above equations can be used as an alternative 
method to estimate carbon content of stem, branch 
and foliage components; and thus, the C 
sequestration potential of different agroforestry tree 
species with an accuracy of 74, 64 and 52 %, 
respectively. 

Fig.33: Regression equation between carbon and calcium content in a) stem, b) branch and c) foliage

a b c

MoRD, New Delhi 

Lead Institute: ICRISAT, Hyderabad

Background

In order to build the capacity of different 
stakeholders in the area of community watershed 
management, MoA, GoI, requested  ICRISAT  to 
establish and conduct Model Watershed in  nine 
states which would serve as 'Site of Learning' for all 
stakeholders, development department of state 

(f) Model Watersheds for Sustaining 
Agricultural Productivity and Improved 
Livelihoods- Domagor Pahuj Watershed

 (Ramesh Singh, R S Yadav, R K Tewari, D R 
Palsaniya, P Rathakrishnan and R H Rizvi)

government, civil society organizations, CBOs, 
farmers, development investors and others. 

On the basis of criteria mentioned in Common 
Guidelines for Watershed Development Projects, 
GOI, 2008, Domagor Pahuj watershed has been 
selected to  improve rural livelihood activities 
through participatory watershed development 
programme through cost-effective integrated 
genetic and natural resource management and act as 
a site of learning. The watershed is located between 
25º 28' to 25º 31' North Latitude and 78º 25' to 78º 
28' East Longitude and is part of Babina 
development block and Jhansi tehsil. The 
geographical area of watershed is 1646 ha and its 
treatable are is 1373 ha (Fig. 34). This watershed is 
being developed in consortia mode with ICRISAT 
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districts depending upon the tree density, growth 
and age of trees. On an average carbon sequestered 
in different districts of the region during 2010 was 

-1
22.42 t C ha  and likely to increased up to 35.78 t C 

-1ha  at end of the rotation period.  The tree biomass, 
soil carbon and carbon sequestration potential of 
region in 2030 would be 67.42, 35.36 and 72.77 
million tones (Table 65). 

Table 64: Tree and crop biomass (above and belowground), soil carbon and carbon sequestered in 
different districts of the region

Year Tree biomass Crop biomass Soil Carbon Carbon sequestered

      (Tonnes per hectare)

2010 22.36 5.77 9.21 22.42

2015 22.88 6.01 14.85 29.50

2020 27.65 5.78 15.80 31.54

2025 30.47 5.61 16.68 33.72

2030 33.15 5.50 17.38 35.78

During the year an attempt was made to study 
distribution of sequestered carbon in different tree-
components of eight important agroforestry tree 
species viz. Eucalyptus tereticornis, Albizia  
procera, Azadirachta indica, Acacia nilotica,  
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government, civil society organizations, CBOs, 
farmers, development investors and others. 

On the basis of criteria mentioned in Common 
Guidelines for Watershed Development Projects, 
GOI, 2008, Domagor Pahuj watershed has been 
selected to  improve rural livelihood activities 
through participatory watershed development 
programme through cost-effective integrated 
genetic and natural resource management and act as 
a site of learning. The watershed is located between 
25º 28' to 25º 31' North Latitude and 78º 25' to 78º 
28' East Longitude and is part of Babina 
development block and Jhansi tehsil. The 
geographical area of watershed is 1646 ha and its 
treatable are is 1373 ha (Fig. 34). This watershed is 
being developed in consortia mode with ICRISAT 
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as consortia leader, NRCAF, Development 
Alternative (NGO) and district administration as 

partner. Basic infrastructure of the watershed is 
given in table 66.

Cadastral Map
Domagar Bahuj Model Watershed

Babina Block Jhansi District
Uttar Pradesh

Legend

Contours

Total Area          : 1646 ha
Treatable Area  : 1373 ha

Drain

Sy. No.

Village Boundary

Fig.34: Cadastral map of Domagor Pahuj Watershed

Table 66: Basic information of Domagor Pahuj model watershed

Name of the Watershed Domagor Pahuj Model Watershed

Start Date February 11th 2009
O

Location 25   28' to 25  31' N Latitude
O

78   25' to 78  28' E Longitude

Total area 1646 ha.

Treatable Area 1373 ha

No. of HH 778

Total Population 3500

Live-stock Population 3051

No. of Open wells 351

Soil type Red Latrite 90% & 10% black

Cultivated area 960 ha.

Major Crops Kharif- Groundnut, Urd, Mung & Maize 

Rabi- Wheat, Mustard & Chickpea 

Average Land Holding 1-1.25 Ha

Consortium Partners ICRISAT, Hyderabad;  NRCAF, Jhansi and DA, Orchha, M.P.

During Review and Planning meeting at Udaipur targets 
for different interventions in Domagor Pahuj model 

watershed was discussed and finalized. Brief account of 
targets and achievements is given in Table 67.

Table 67: Targets and achievements in Domagor Pahuj watershed 

Description Target Achievements

Water resource development

Establishment of Hydrological gauging station 1 1

Establishment of Weather Station 1 1
thConstruction of Nallah Plugs 10 7 (8  is in progress)

Production system 

Agroforestry systems 25 ha 30 ha

Household nutritional security 351 Wells 351 (at wells and 
kitchen gardens)

Crop trial 90 acres 167 acres 
(only in rabi)

Construction of vermin- compost units 20 8 (6 is in progress)

Animal Health

Animal Health Camp 2 2

Capacity Building

Training and exposure visits 5 12

Enterprises Development

Strengthening of Nursery developed by  women SHG 1 1

Seed bank 1 1

Convergence 

Convergence of different developmental schemes     89 Lakhs Proposal for 
Rs. 89 lakh is 

submitted to line 
departments

Socio-economy of watershed 

Domagor Pahuj watershed comprises of three 
villages namely Domagor, Dhikauli and 
Nayakhera. Detailed baseline survey of 154 farmers 
reflects that the main source of livelihood is 
agriculture and milking. Illiteracy is high among 
women. Majority of the farmers are small or 
marginal with an average land holding of 2-3 acre. 
The main crop in kharif season is groundnut 
however other crops like mung, urd, sesame, maize 
are cultivated in small amount. In rabi season, the 
main crop is wheat and other crops like chickpea, 
mustard, lentil, etc. are also grown in few pockets. 

The productivity of these crops is significantly 
lower than the state average production mainly due 
to lack of water availability on account of poor 
management of rain water. 

Soil resources

The predominant soils in the watershed are Alfisols, 
though in lower patches the soils appear to be black 
in color. To ascertain the fertility status of the 
Domagor Pahuj watershed, 80 representative soil 
samples were drawn, processed and analyzed at 
International Crop Research Institute for Semi-Arid 
Tropics (ICRISAT), Patancheru, Hyderabad. 

66



65

as consortia leader, NRCAF, Development 
Alternative (NGO) and district administration as 

partner. Basic infrastructure of the watershed is 
given in table 66.

Cadastral Map
Domagar Bahuj Model Watershed

Babina Block Jhansi District
Uttar Pradesh

Legend

Contours

Total Area          : 1646 ha
Treatable Area  : 1373 ha

Drain

Sy. No.

Village Boundary

Fig.34: Cadastral map of Domagor Pahuj Watershed

Table 66: Basic information of Domagor Pahuj model watershed

Name of the Watershed Domagor Pahuj Model Watershed

Start Date February 11th 2009
O

Location 25   28' to 25  31' N Latitude
O

78   25' to 78  28' E Longitude

Total area 1646 ha.

Treatable Area 1373 ha

No. of HH 778

Total Population 3500

Live-stock Population 3051

No. of Open wells 351

Soil type Red Latrite 90% & 10% black

Cultivated area 960 ha.

Major Crops Kharif- Groundnut, Urd, Mung & Maize 

Rabi- Wheat, Mustard & Chickpea 

Average Land Holding 1-1.25 Ha

Consortium Partners ICRISAT, Hyderabad;  NRCAF, Jhansi and DA, Orchha, M.P.

During Review and Planning meeting at Udaipur targets 
for different interventions in Domagor Pahuj model 

watershed was discussed and finalized. Brief account of 
targets and achievements is given in Table 67.

Table 67: Targets and achievements in Domagor Pahuj watershed 

Description Target Achievements

Water resource development

Establishment of Hydrological gauging station 1 1

Establishment of Weather Station 1 1
thConstruction of Nallah Plugs 10 7 (8  is in progress)

Production system 

Agroforestry systems 25 ha 30 ha

Household nutritional security 351 Wells 351 (at wells and 
kitchen gardens)

Crop trial 90 acres 167 acres 
(only in rabi)

Construction of vermin- compost units 20 8 (6 is in progress)

Animal Health

Animal Health Camp 2 2

Capacity Building

Training and exposure visits 5 12

Enterprises Development

Strengthening of Nursery developed by  women SHG 1 1

Seed bank 1 1

Convergence 

Convergence of different developmental schemes     89 Lakhs Proposal for 
Rs. 89 lakh is 

submitted to line 
departments

Socio-economy of watershed 

Domagor Pahuj watershed comprises of three 
villages namely Domagor, Dhikauli and 
Nayakhera. Detailed baseline survey of 154 farmers 
reflects that the main source of livelihood is 
agriculture and milking. Illiteracy is high among 
women. Majority of the farmers are small or 
marginal with an average land holding of 2-3 acre. 
The main crop in kharif season is groundnut 
however other crops like mung, urd, sesame, maize 
are cultivated in small amount. In rabi season, the 
main crop is wheat and other crops like chickpea, 
mustard, lentil, etc. are also grown in few pockets. 

The productivity of these crops is significantly 
lower than the state average production mainly due 
to lack of water availability on account of poor 
management of rain water. 

Soil resources

The predominant soils in the watershed are Alfisols, 
though in lower patches the soils appear to be black 
in color. To ascertain the fertility status of the 
Domagor Pahuj watershed, 80 representative soil 
samples were drawn, processed and analyzed at 
International Crop Research Institute for Semi-Arid 
Tropics (ICRISAT), Patancheru, Hyderabad. 

66



Results as a whole indicates that pH of the soil 
varied from 7.0 to 8.5.  Electrical conductivity (EC) 

-1
varied from 0.04 to 0.50 dSm , however, about 50 
per cent soils had organic carbon less than 0.5 per 
cent. 

Water resource development

Open shallow dug well are the only means of

irrigation to the crops and drinking. Water table of 
these wells was recorded on monthly basis and 
depth of water table during August, October and 
January is depicted in Fig. 35. During the month of 
January about 17 per cent wells were dry. 
Raingauge was installed in the watershed in 2009 to 
measure rainfall. Rainfall during 2010 is shown in 
Fig. 36.

Fig. 36: Daily rainfall in the watershedFig. 35: Depth of water table in open wells at 
Domagor Pahuj watershed

To improve the condition of water resources, total 
ten structures (nallah plug and checkdams cum drop 
structures) were proposed during 2010 on the drains 
situated in between Domagor and Nayakhera 
villages as these villages are severely affected by 
water crisis.. Total 7 structures were completed and 

thconstruction of 8  structure is in progress. About 
37000 m  surface water storage has already been 

created by these checkdams. 

One gauging station is already constructed near 
Dhikauli to know the runoff potential of the 
watershed. Apart from manual rainfall recorder, 
one automatic weather station is also installed in 

 

the watershed. 

Top working of ber and development of 
agroforestry interventions

Watershed committee in consultation with WDT 
has decided to cover 25 hectare land under 
different agroforestry systems. Apart from this it 
was also decided to plant six plants (guava, lemon, 
Aonla, drumstick, giloy and aloe vera) at each 
wells to ensure the household nutritional security 
in the watershed.  Brief account of seedling of 
different species planted in watershed is given in 
Table 68.

Table 68: Details of seedlings planted in watershed during 2010  

Name of Plants Target                    Plants Purchased/ Seedlings planted
(No.)                         Supplied by

WC NRCAF, Jhansi Dhikoli Nayakhera Domagor

Guava 1900 875 400 600 300 375

Aonla 1900 1350 400 950 300 500

Citrus (Lime) 1861 1175 400 390 410 775

Karonda 1487 2050 - 1850 150 50

Custard Apple 415 50 - - 50 -

Teak 215 400 - - 250 150

Bamboo 439 420 - - 270 150

Jack fruit 139 150 - - 50 100

Aloe vera 400 - 400 150 100 150
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Giloy 400 - 325 150 25 150

Drum Stick 400 475 73 123 60 365

Glyricidia - 750 - 200 175 375

Semal - 80 - 25 25 30

Gulmohar - 70 - 35 35 -

Total 9556 7845 1998 4473 2200 3170

Survival of different species varied from 41 to 78 
per cent by the end of February 2011. Apart from 
this, total 250 desi ber were budded with improved 
varieties. Out of them, 79 ber were budded during 
2010.

Crop demonstration

There was no participatory crop trial conducted 
during kharif 2010. One hundred sixty seven 
participatory trials on chickpea (95), mustard (59) 
and wheat (13) are being taken during rabi 2010-11. 
Two varieties of chickpea (JG 11 and JG 130), three 

var. of mustard (Urvashi, Maya and Rohini) and 
wheat are being demonstrated in 95, 75.6 and 30 
acre, respectively. 

Capacity building 

A number of capacity building programmes were 
o rgan ized  fo r  deve lop ing  knowledge ,  
understanding and skills of the farmers. The 
capacity building programmes include trainings, 
orientation and exposure visits. List of trainings 
and exposure visits organized is shown in Table 
69.

68

Table 69: List of training and exposure organized for Domagor Pahuj watershed

S. No. Title of Programme No. Participants 

Male Female Total

1 Visit of WC members at ICRISAT, Hyderabad 1 4 2 6

2 Training on capacity building and leadership of 
members of Kishan Club 3 36 2 38

3 Training on Soft toys making for WSHGs 1 0 31 31

4 Training to WSHGs on savings and credits 3 0 66 66

5 Training on low cost water Harvesting Structures 1 8 0 8

6 Training on Seed treatment 1 13 5 18

7 Training on crop trials 1 14 8 22

8 Training on integrated weed management 1 14 1 15

9 Training on efficient irrigation practices 1 26 0 26

Total 13 115 115 230
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2. Research Achievements

(A) Varietal Evaluation of Guava Varieties 
under Agroforestry Systems

Four varieties of guava namely Allahabad Safeda, 
L-49, Sweta and Lalit were planted in 2005 under 
sole plantation and agroforestry system. Fodder 
cowpea variety BL-I was grown in kharif while 
Barley var. Jyoti was sown in rabi 2010-11. Plant 
growth and fruit yield of guava has been presented 
in Table 70. It is obvious that all the guava

varieties performed marginally better under 
agroforestry system than sole plantation. This may 
be attributed to intercultural operations aimed for 
crop production under agroforestry system 
favoured growth and yield of guava plants. 
Amongst varieties, Sweta exhibited poor growth 
and yield while L-49 was found better. However, all 
four varieties under evaluation showed optimal 
growth and yield and can be adopted by farmers 
depending upon their choice.

Table 70 : Performance of guava varieties 

Treatment Plant height Collar diameter Canopy spread Fruit yield

AFS Sole AFS Sole AFS Sole AFS Sole

 L-49 2.32 2.70 6.45 6.32 3.35 3.06 3.90 3.80

Allahabad Safeda 2.29 2.30 6.14 6.10 2.75 2.80 4.21 3.87

 Sweta 2.05 2.14 5.24 4.77 2.70 2.81 3.48 3.07

 Lalit 2.25 2.24 5.77 5.24 2.81 2.74 3.49 3.42

(B) Standardization of nursery practices for 
quality Gliricidia sepium (Jacq.) Walp. 
seedlings production

A nursery experiment was conducted 
 to 

 The seedlings 
were observed for growth, productivity and quality 
parameters at 60 and 120 days after transplanting.

with eight 
treatments identify the suitable nursery mixture 
soil, poly bag size and color for raising quality 
Gliricidia sepium seedlings (Plate 7).

Among the treatments,  + Big + white color 
poly bag and  + Big + black color poly bag 
exhibited the good growth, productivity and quality 
of Gliricidia sepium seedlings. It was expressed by 
higher shoot length, root length, collar diameter, 
number of leaves, Shoot fresh and dry weights, root 
fresh and dry weights, root shoot ratio, root nodule 
formation and quality index in both the stages of 
observation (Table 71). 

Alfisol
Alfisol

Table 71: Effect of nursery soil, poly bag size and color on growth, productivity and quality of 
Gliricidia sepium seedlings at 120 DAT

Treatments SL RL CD NL TDMP R/S No. of DQI 
(cm) (cm) (cm)  (g) ratio nodule

T 47.20 29.38 0.70 12.58 4.90 0.62 2.00 0.50381

T 38.72 28.04 0.62 10.41 3.96 0.65 0.00 0.42642

T 55.00 37.75 0.85 16.25 6.78 0.69 5.50 0.76223

T 45.73 29.25 0.71 12.34 4.76 0.64 0.00 0.51304

T 46.83 29.19 0.72 12.12 4.86 0.60 1.50 0.51055

T 36.75 27.75 0.61 11.23 4.16 0.67 0.00 0.46106

T 51.25 35.75 0.75 14.32 6.15 0.70 3.00 0.64027
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3. Sesbania grandiflora pre-sowing seed 
treatment study

A lab study was conducted to identify the suitable 
pre-sowing treatment for early and good 
germination of Sesbania grandiflora seeds. Better 

germination percent (86.67 %) was recorded by T 2 

(H SO  –15 min) while seedling growth was 2 4

statistically non-significant and seedling biomass 
were higher for the treatment T (H SO  –10 min)  3 2 4

(table 72; Fig. 5).

Plate 7: Gliricidia sepium nursery study – An overview          Plate 8 : Root nodules in T (120 DAT)3 

T 45.26 28.21 0.69 12.65 4.50 0.62 0.00 0.48188

Mean 45.84 30.67 0.71 12.74 5.01 0.65 1.50 0.5398

SED± 2.3507 3.1336 0.0546 1.2970 0.4184 NS 0.1841 0.0640

CD(P=0.05 %) 4.6192 6.2630 0.1068 2.6195 0.9396 NS 0.3721 0.1301

Plate 9 : Sesbania grandiflora seedlings – germinated after the pre-sowing treatment

Table 72: Effect of pre-sowing seed treatments on germination, growth and biomass accumulation in 
Sesbania grandiflora seedling

Treatments Ger SL RL TFW TDW Germination Vigor
%  (cm)  (cm)  (g)  (g) value index

T - H SO  - 5 min 73.33 8.32 2.46 1.05 0.11 898.22 788.221 2 4

T  - H SO  - 10 min 86.67 9.24 3.37 1.00 0.09 1254.22 1098.362 2 4

T  - H SO  -15 min 82.67 9.23 4.48 1.09 0.10 1154.22 1133.493 2 4

T  - H SO  - 20 min 42.00 8.03 3.49 1.06 0.11 298.00 485.134 2 4

T  - Hot water 51.33 8.40 4.60 0.95 0.10 439.33 668.165

T  - Boil wat. 0.5 min 76.00 8.44 3.90 1.28 0.12 968.44 938.476

T  - Boil wat. 1.0 min 0.00 - - - - - -7

T    - Control8

64.00 7.82 3.49 0.61 0.12 682.67 723.91

SED± 5.03 NS NS 0.1510 0.0174 131.98 102.28

CD (5%) 10.78 NS NS 0.3238 0.0373 283.12 219.39
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3. Technology Dissemination

should adopt agroforestry system for fulfilling 
their needs for fodder, fuel, food and fruits and for 
sustainable land use management of the existing 
natural resources. The farmers showed keen 
interest in growing fruit trees in association with 
crops and plantations of MPTS on field 
boundaries.

TRAINERS TRAINING ON IMROVEMENT 
AND CULTIVATION OF TBOs

Two Days Trainers Training programme on 
“Cultivation of Tree Borne Oil Seeds (TBOs) under 

ndAgroforestry System” was organized during 22  to 
rd

23  March, 2010 at the Centre. Sixty State 
Agriculture officials, Scientists and NGO 
representatives attended the programme. The 
training was aimed at disseminating scientific 
knowledge on production and cultivation of tree 
borne oil seeds to grass root level workers for 
proliferation to end user of technologies. 

NRCAF IN MEDIA

A documentary film on R&D activities of NRCAF 
was telecast by Delhi Doordarshan (National) on 

th26  April, 2010. It also prepared a documentary film 
on mitigating ill effects of drought on the basis of 
successful implementing the model watershed by 
the Centre and telecasted under Krishi Darshan 

rd
programme on 3  May, 2010. The research and 
extension activities of the NRCAF were 

thbroadcasted by All India Radio, Jhansi on 20  June 
under Krishivaniki Warta and telecasted by DD 
News on the same day. 

Centre organized different extension activities and 
training programmes for dissemination of 
agroforestry technologies among the farmers and 
other clientele with a view to increase the 
awareness, knowledge and skill and motivate them 
to adopt agroforestry. 

TRAINING ON DEVELOPMENT OF TBOs

NRCAF Organized Two Days Training programme 
on “Development of Tree Borne Oil Seeds” during 

th th25  to 26  February, 2010 at village Dhikoli of 
Jhansi district. Fifty farmers of nearby villages 
attended the programme. 

KISAN GOSTHI 

thA kisan gosthi was organized on 12  March, 2010 
at Village Ganeshgarh Jhansi district of U.P. About 
325 farmers including farm women and rural 
youth participated. It was emphasized that farmers 



Jackfruit and Ber plants (850 No.) have been 
planted at Garkundar Dabar Watershed area and 
seventy two farmers have been benefited.  A 
total of more than two thousand plants of MPTs, 
fruit and other have been planted in farmer's 
field and at Research Farm. 

EXHIBITIONS

Exhibitions were organized at the time of kisan 
mela and kisan gosthi at various places, namely, 

th
KVK, Jhansi (20  February, 2010), Kharif Gosthi 

thDD Auditorium, Jhansi (4  June, 2010), Divisional 
Kharif Gosthi, Jhansi, BHEL Auditorium, Jhansi 

th th(28  June, 2010) and KVK, Lalitpir (27  November, 
2010). These exhibitions have influenced the 
farmers to adopt agroforestry by creating interest, 
stimulating thought and getting action. Farmers 
have shown keen interest about various 
agroforestry systems in general and agri-
horticultural system in particular. 

VISITS

A number of farmers, students and Govt./NGOs 
officers from different parts of the country, i.e. 
CSWCR&TI, Dehradun, Kota, College of Forestry, 

ANOLA  AWARENESS  PROGRAMME

Dr. S K Dhyani, Director along with Scientists of the 
Centre participated in the Anola Awareness 

st
Programme on 1  September 2010 at Deendayal 
Sabhagar, Jhansi. The programme was organized 
for farmers of Bundelkhand region by Uttar Pradesh 
Agriculture Department, Jhansi.   

MODEL  TRAINING  COURSE

NRCAF organized a Model Training Course on 
“Natural Resource Management on Watershed 
Basis for Sustainability and Livelihood Security” 

th st
during 14  to 21  September, 2010 sponsored by 
Directorate of Extension, DAC, Ministry of 
Agriculture, GOI, New Delhi for the officers of 
State Development Departments. Twenty three 
participants (Includes 2 women) representing eight 
States were benefited. 

VANMAHOTSAV PROGRAMME AND 
PLANTATION ACTIVITIES

th·NRCAF organized Vanmahotsav on 07  August, 
2010 at the Campus. 

·During this rainy season Aonla, Guava, 

73 74

Bhubaneshwar, Orissa and North-East, Rajasthan 
and State department official of different states 
visited the centre and demonstration sites during the 

period under report.  These visits have increased the 
awareness of farmers towards the agroforestry 
practices. 
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4. AICRP on Agroforestry

The All India Coordinated research Project on 
Agroforestry was further strengthened by joining of 
Institute of Forest Genetics and Tree Breeding 
(IFGTB), Coimbatore an Institute under Indian 
Council of Forestry Research and Education 
(ICFRE), Dehradun as one of the volunteer 
cooperating centre. The total number of centres now 
are 37 with 25 cooridnating centres located at 
SAUs, 11 volunteer cooperating centres at ICAR 
Institutes and 1 volunteer cooperating centre at 
ICFRE Institute.

The Project continued the work on collection and 
germplasm evaluation of MPTS, development of 
suitable economically viable agroforestry systems 
for different agro-climatic zones. It has initiated 
analyzing economical relation of agroforestry 
systems and exploring the role of agroforestry in 
environment protection. Nine centre have 
conducted research on D & D survey. All the centres 
have demonstrated agroforestry interventions in 
farmer's filed. Twelve success stories have been 
compiled by the centres. Recommendations 
emerging from the AICRP on Agroforestry centres 
research work  has been included by the State 
Governments in their broad recommendations. A 
few examples are given below:

PAU, Ludhiana

Poplar clones L-48/89 and L-47/88 for Central Plain 
region and L-48/ 89 for semi-arid region 
recommended for commercial cultivation in 
Punjab. 

COA, Nagpur, PDKV, Akola

Teak clone PDKV/AF/1 is recommended for 
cultivation in Vidarbha region of Mahrashtra.

Phule technique  (Continuous Contour Trench-
CCT)- MPKV, Rahuri

Popularized  for conservation of moisture in arid 
and semiarid region for successful tree plantation in 
AF. In Maharashtra the technique followed on > 
34000 ha. area for tree plantation on sloppy area. 

UAS, Dharwad

Sapota - Teak based agroforestry system (hill zone) 

Horti-silvi pastural system (hill zone) under 
degraded soils.

Teak based agroforestry system (transitional zone)

Tamarind mixed cropping.

CCS HAU, Hisar

State Government of Haryana accepted that 
Agroforestry with poplar, eucalyptus, Melia and 
Ailanthus etc. is the only alternative to increase the 
forest (3.6%) and tree cover (3.2%) area to 20% in a 
phased manner.

TNAU, Coimbatore

Intercrops for Ceiba pentendra, Eucalyptus, 
Casuarina, Neem, Ailanthus, Acacia holosericea, A. 
ni lot ica,  teak,  ja t ropha and Pongamia  
recommended for Tamil Nadu.

Few significant research achievements during the 
period are

Agroforestry helps in biodiversity conservation

AICRP on Agroforestry at Acharya N.G. Ranga 
Agricultural University, Hyderabad has been 
entrusted to establish Agri Biodiversity Park 
(ABDP) in 150 acres area with natural ecosystem, 
undulating terrain rocks, boulders and hillocks in 
the University campus, Rajendranagar. The Agri 
Biodiversity Park is aimed mainly to preserve and 
conserve the native flora and fauna of Deccan 
plateau region through ex-situ conservation of the 
species and to establish 15-20 biotic communities 
including wild relative field crops as a repository 
that flourished in the region in the past. Tree blocks 
depicting vast genetic diversity with species such as 
Teak, Mahuwa, Palm, Ficus and Medicinal plants 
were planted in mixed tree block, in an area of 25 
acres. The Park has thirty Ficus species in Ficus 
block. In addition to plantation blocks, water ponds 
and water bodies were also created as a source of 
water for all resident and migratory bio creatures for 
promotion of faunal genetic resources. At present in 
agri-biodiversity park insects (24 spp.), Fish (5 
spp.), Reptiles (8 spp.) were recorded. Regarding 
Butterflies out of 120 species present in the Andhra 
Pradesh state 56 were recorded in the Agri 
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Different treeguard models of Bamboo

TRAINING PROGRAMME ON “STATISTICAL 
ANALYSIS AND INTERPRETATION OF 
AGROFORESTRY EXPERIMENTAL DATA”

Project Coordinating unit of AICRPAF organized a 
three day training programme on “Statistical Analysis 

and Interpretation of Agroforestry Experimental 
Data” for the scientists and technical staff working in 

th ththe AICRP on Agroforestry from 11 –13  February, 
2010 at NRCAF, Jhansi. Total 25 participants from 
twenty three SAUs attended the programme. 

Biodiversity Park. Pertaining to birds the species 
increased from 35 to 162 species within two years. 
The agroforestry not only helps in livelihood 
support but plays vital role in conservation of 
biological diversity as well. This is the best tribute 
on the occasion of “International Year of 
Biodiversity”.

Agroforestry Centre Develops Ecofriendly 
Bamboo Treeguards (Value addition of Bamboo)

Bamboo based agroforestry systems are being 
promoted for livelihood support, natural resource 
conservation and environmental protection through 
carbon sequestration. The AICRP on Agroforestry 
centre at Dr. Panjabrao Deshmukh Krishi 
Vidyapeeth, Akola at College of Agriculture, 
Nagpur designed and fabricated the treeguards 
made from locally available bamboo. This has 
replaced the non degradable, traditional iron /steel 
treeguards used long way to protect the trees in 
plantation prgogramme. Nagpur Munciple 
Corporation has planned to use more than five 
thousands bamboo treeguards in the current 
financial year for protecting plants in the city. Many 
other government organizations (National highway 
divisions, Power stations etc.) and NGO are 
prompted to use these tree guards in their plantation 
programmes.  

Bamboo tree guards are cheaper, easy to fabricate 
and are being made of farm produce, provide ample 
opportunities to poor marginal farmer for growing 
bamboo on farm. The centre has designed series of 
bamboo treeguard costing from ` 250/- to 600/-. 
Technical input from the scientist of this centre 
combined with skill of local artisans has created the 
new utility of bamboo. The enterprise has generated 
employment opportunities to local people for 
growing bamboo, its harvesting, processing and 
fabrication of tree guards. Green bamboos after 
harvesting are allowed to undergo the standard 
drying and seasoning treatments. These treatments 
are suitably modified by this centre for ease of 
working. Bamboos were treated with antitermite 
and antifungal material for enhancing its longevity 
under structural use.  

For fabrication of one unit of one thousand bamboo 
treeguard requires 4000 to 6000 green bamboos and 
1000 to 1500 mandays. Rural unemployed youth 
were trained to fabricate treguards. They are paid @ ̀  
120/-.Thus for fabricating one unit (1000) treeguards 
of bamboo a cultivator can get ` 1,00,000 to ` 
1,50,000 for producing raw material and employment 
of ̀ 1,20,000 to ̀ 1,80,000 is generated .

` 

 

ANNUAL GROUP MEETING OF ALL INDIA 
COORDINATED RESEARCH PROJECT ON 
AGROFORESTRY

Annual Group Meeting of All India Coordinated 
Research Project on Agroforestry (AICRPAF) was 

th th
held during 10  to 12  July, 2010 at Dr. B S K K V, 
Dapoli. Dr. S K Dhyani, Director & Coordinator of 
the project organized this group meeting. Dr. A K

Singh, DDG (NRM), KAB-II, ICAR, New Delhi, 

was the Chief Guest and Dr. Vijay Mehta, Vice 

Chancellor of Dr. B S K K V, Dapoli presided during 

inaugural function. Scientists from SAUs and ICAR 

institute participated in the group meeting. Besides 

inaugural and plenary session seven technical 

sessions were held. 

77
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Research activities are conducted under four research 
programmes namely Agrisilviculture, Agrihorticulture 
& Silvipasture, Tree Improvement & Silviculture and 

6. Approved Ongoing Research Projects

Project code Project Title Duration Project Leader

Associates

AF 01: AGRISILVICULTURE (Programme Leader: Sh. Munna Ram)

01.16 Evaluation of shade tolerance of crop species 2002-2012 Dr. Badre Alam 
for agroforestry systems Dr. Ram Newaj

Sh. Munna Ram

01.17 Analysis of Eucalyptus based agroforestry 2003-2013 Dr. A K Handa
for crop- lands in Jhansi Dr. Ram Newaj

Dr. R S Yadav
Dr. Badre Alam
Dr. Anil Kumar
Dr. Ajit
Dr. Ramesh Singh

01.18 Transect analysis of established agroforestry 2003-2010 Dr. A Venkatesh
systems of India Dr. R K Tewari

Dr. R P Dwivedi 
Dr. R S Yadav
Dr. R H Rizvi

01.20 Studies on temporal variations in 2005-2011 Dr. R S Yadav
concentration of inorganic and organic Sh. Munna Ram
constitutes in the leaves of some MPTS Dr. Badre Alam
under agroforestry

01.22 Studies for augmenting pistillate flowers 2007-2012 Dr. Badre Alam
with exogenous application of growth Dr. S P Ahlawat
regulators and chemicals in Jatropha curcas Dr. R V Kumar (IGFRI)

Dr. P Ratha Krishnan

01.23 Comparative studies on seedling and clonal 2007-2015 Dr. Badre Alam 
plants of Pongamia pinnata with special Dr. A K Handa
reference to their adaptability to rainfed Dr. Ajit
dry agroclimate Dr. Rajendra Prasad 

Sh. Munna Ram 

Social Sciences, Watershed & HRD at the Centre. List 
of approved research projects (2010-11) under these 
four programmes is given below:
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01.24 Studies on arbuscular mycorrhizal fungi 
of important MPT's Dr. Rajendra Prasad

Dr. P Ratha Krishnan

01.25 Development of soil quality index for 2008-2011 Dr. Rajendra Prasad
assessing soil health of different Dr. Ram Newaj
agroforestry systems Dr. Ramesh Singh

Dr. R S Yadav
Sh. Munna Ram
Dr. Ajit

DST project Carbon dioxide sequestration potential of 2008-2011 Dr. Ram Newaj
agroforestry systems under irrigated and Dr. Badre Alam
rainfed conditions Dr. A Venkatesh

Dr. R S Yadav
Dr. Ajit
Dr. R H Rizvi

UGC Screening and selection of efficient VAM 2007-12 Dr. Anil Kumar
species for Jatropha curcas and 
Pongamia pinnata

AF 02 and 03: AGRIHORTICULTURE & SILVIPASTURE (Programme Leader: Dr. Anil Kunar)

02.12 Effect of irrigation on performance of aonla 2005-2015 Dr. R K Tewari
under agroforestry systems Dr. R S Yadav

Dr. Badre Alam
Dr. Ramesh Singh
Dr. D R Palsaniya

AF02.13 Tree density optimization in bael based 2010-19 Dr. Sunil Kumar
agri-horti system under rainfed semiarid Dr. R K Tewari
situation- Dr. Rajendra Prasad

AF02.14 Influence of integrated nutrient management 2010-19 Dr. Sudhir Kumar
in ber based agri-horti system under rainfed Dr. Sunil Kumar
semi-arid situation Dr. Anil Kumar

Dr. Rajendra Prasad

AF03.9 Initiation of pruning and its intensity on 2006-2020 Sh. Munna Ram
productivity of Albizia procera Dr. D R Palsaniya

Dr. P Ratha Krishnan

AF 04: TREE IMPROVEMENT AND SILVICULTURE (Programme Leader: Dr. V K Gupta)

04.1a Genetics and breeding of Azadirachta indica, 1993-2011 Dr. V K Gupta
Dalbergia sissoo and  Anogeissus Dr. S P Ahlawat

Dr. R V Kumar (IGFRI)

2008-2016 Dr. Anil Kumar 04.1b Exploration, evaluation and conservation of 2002-2012 Dr. S P Ahlawat
germplasm of Acacia nilotica spp. indica Dr. V K Gupta

Dr. R V Kumar (IGFRI)
Dr. Badre Alam

04.5 Genetics and breeding of Jatropha species 2004-2012 Dr. S P Ahlawat
Dr. V K Gupta
Dr. R V Kumar (IGFRI)
Dr. D R Palsaniya

04.6 Age- age correlation model for juvenile 2004-2014 Dr R H Rizvi
selection of trees in agroforestry Dr. V K Gupta

Dr. S P Ahlawat
Dr. Ajit

04.7 Micro propagation of elite trees of Karanj 2005-2012 Dr. S P Ahlawat
and Bamboo Dr. V K Gupta

Dr. A K Handa
Dr. R V Kumar (IGFRI) 
Mr. N. Gurunathan 

 04.8 Standardization of nursery technique, spacing 2009-2014 Dr. P Ratha Krishnan
and pruning practices for Jatropha curcas (L.) Dr. R V Kumar (IGFRI)

Dr. Ram Newaj

NOVOD National network on integrated development 2005-2011 Dr. S P Ahlawat
Board of Jatropha and Karanj Dr. V K Gupta
Project   Dr. R V Kumar (IGFRI)

Dr. D R Palsaniya

AF 05: SOCIAL SCIENCES, WATERSHED MANAGEMENT AND HRD                 
(Programme Leader: Dr. R K Tewari)

05.6 Model watershed project on natural resource 2005-2016 Dr. R K Tewari
management through agroforestry Dr. Ramesh Singh
interventions at Garhkundar, Tikamgarh (M.P.) Dr. A Venkatesh

Dr. R S Yadav
Dr. R P Dwivedi
Dr. D R Palsaniya
Dr. R H Rizvi

05.8 Agroforestry database development 2005-2012 Dr. Ajit
programme Dr. A K Handa

05.9 Evaluation of Ber budding programme in 2008-2011 Dr. R P Dwivedi
Bundelkhand region of Central India Dr. R K Tewari

Dr. R H Rizvi
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05.10 Lac based agroforestry in Bundelkhand 2008-2012 Dr. A Venkatesh 
region: Introduction and evaluation Mr. Rajendra Singh

  Dr. Sudhir Kumar
Dr. S Ghosal 
Dr. Md. Monobrullah, 
IINRG.

DST Spatial and Temporal analysis of 2007-2010 Dr.  R H Rizvi
agroforestry interventions  in North-Western Dr. R S Yadav 
India using GIS and Remote Sensing Dr. Ramesh Singh

PROJECTS CONCLUDED DURING 2010

AF01.9 Agronomic and physiological studies with 1994-14 Dr. Ram Newaj
special reference to root management in Dr. A K Handa
Dalbergia sissoo Dr. Badre Alam 

Dr. Rajendra Prasad

AF 01.21 Agronomical studies of Jatropha with 2007-12 Dr. Ram Newaj
different sequence and pruning regimes Dr. R V Kumar 

Dr. P Ratha Krishnan

AF02.7 Performance of Aonla with application of 1996-10 Dr. Ram Newaj
root management and moisture conservation Dr. Ajit 
techniques Dr. R S Yadav

Inter-Instt. Demonstration of Agroforestry Technologies 2007-10 Dr. A Venkatesh
Collaborative for Enhancing the Livelihood Opportunities Dr. A K Handa
Project in Different Agro-climatic Zones of Tamil Nadu' Dr. P Ratha Krishnan

Funding Title of Project Duration Project Leader/
Agency Associates

NBM Development of Bamboo based Agroforestry 2007-10 Dr. S  P Ahlawat
Funded Systems in six Agroclimatic Zones Dr. Ram Newaj
Network Dr. S K Dhyani, Project Coordinator  Dr.  R K Tewari 
Project on Dr. R V Kumar  (IGFRI)
Bamboo Dr. Ramesh Singh

Dr. R S Yadav
Dr. A Venkatesh
Dr. R P Dwivedi

Inter Evaluation of aonla based horti-pasture system 2007-13 Dr. Sunil Kumar, at
Institutional under different soil & water conservation IGFRI : Lead Instt.
project practices in Central India Dr. Ramesh Singh

Dr. Sunil Kumar

Network and Inter-Institutional Collaborative Projects

National Studies on mitigation potential of different 2008-12 Dr. Ram Newaj
Project on agroforestry systems on climate change Dr. Badre Alam 
Climate Lead Institute: CRIDA, Hyderabad Dr.  A K Handa
Change  Dr.  Ajit

Dr.  Rajendra Prasad
Dr. Ramesh Singh

Network Harvest and post harvest processing and 2008-12 Dr.  A Venkatesh
Project, value addition of natural resins, gums and Dr. A K Handa
ICAR, gum resins. Dr. R S Yadav
New Delhi Lead Institute: IINR&G, Ranchi Dr. Ajit

Dr. Ramesh Singh
Dr. Badre Alam

MoRD, Model watershed for sustaining agricultural 2009-15 Dr. Ramesh Singh
New Delhi productivity and improved livelihoods Dr. R S Yadav

Lead Institute: ICRISAT, Hyderabad Dr. R K Tewari
Dr. D R Palsaniya
Dr. P Ratha Krishnan

ICAR, IPR Management in agroforestry 2008-12 Dr. Sunil Kumar
New Delhi Dr. V K Gupta

Dr. A Venkatesh
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7. Important Meetings / Activities

REPUBLIC DAY AND INDEPENDENCE DAY 

PME MEETING

REVIEW MEETING ON SPECIAL PACKAGE 
FOR BUNDELKHAND 

INSTITUTE RESEARCH COUNCIL 

t hRepublic Day (26  January, 2010) and 
thIndependence Day (15  August, 2010), respectively 

were celebrated at NRCAF, Jhansi. Flag hoisting 
ceremony was observed on both the occasions. 
Cultural programmes, sport events were organized 
for the staff along with their family members on the 
occasions.

th rdPME meetings were held on 05  March and 23  
December, 2010 during this year. The PME 
meetings were started with the visit of experimental 
fields of ongoing research projects on the research 
farm and ended with in house discussions in 
committee room.All the Scientists participated in 
the PME meeting.

A meeting was organized by the National Rainfed 
Area Authority (NRAA) to discuss speedy 
implementation of Bundelkhand package under the 
Chairmanship of Ms. S Pillai, Member Planning 

thCommission. It was held at Jhansi on 14  May, 
2010. Dr. J S Samra, CEO, NRAA presented the 
highlights of the package. Chief Secretary U.P. 
along with Principal Secretary of various 
departments, Commissioner other District 
authorities from seven districts of Bundelkhand 
region of Uttar Pradesh participated in the meeting. 
Director, NRCAF, Jhansi presented his views on 
mitigation of ill effects of drought in Bundelkhand 
region and showed documentary film on the 
successful watershed programme implemented by 
NRCAF at Garhkundar Dabar, M.P.  

Institute Research Council (IRC) meeting was held 
th th

from 24  to 26  June, 2010 under the Chairmanship 
of Dr. S K Dhyani, Director of the Centre. All the 
Scientists of the Centre participated in the meeting 
and presented the progress and significant findings 
of their projects. New projects were approved by the 
IRC.

RESEARCH ADVISORY COMMITTEE

INSTITUTE MANAGEMENT COMMITTEE

DAYS OBSERVED

thCombined 17  RAC meeting of NRCAF & IGFRI 
th thwas held on 06  to 8   September, 2010 under the 

chairmanship of Prof. R M Singh, Professor 
Emeritus, BHU, Varanasi (U.P.); Dr. S D Rai, Ex. 
ADG, ICAR, New Delhi; Dr. A K Mishra, Ex. Addl. 
Commissioner (Horti.), DA&C, New Delhi; Dr. V 
K Mishra, Dean, CAU, College of Horticulture & 
Forestry, Pasighat (Arunachal Pradesh); Sh. Sharma 
Puran, Sr. Journalist, Agra; Sh. Jafar Akhtar, 
Meerut; Dr. K A Singh, Director, IGFRI, Jhansi and 
Dr. S K Dhyani, Director, NRCAF, Jhansi 
(Members of RAC) participated.

Fourteenth Institute Management Committee 
th

(IMC) meeting was held on 27  November, 2010 at 
NRCAF Jhansi under the chairmanship of Dr. S K 
Dhyani, Director, NRCAF, Jhansi. Dr. Ramesh 
Singh, Sr. Scientist presented brief research 
achievements of Garhkundar – Dabar and Domagor 
– Pahuj watersheds being developed by NRCAF. 
Thereafter, the agenda items were placed and 
discussed in the meeting.

th ·A brain storming session was held on 27
March, 2010 at NRCAF to observe “Earth 
Hour”. Efforts made by the Centre were 
highlighted by several speakers. To give 
momentum and awareness among the masses.

th·World Environment Day was observed on 5  
June, 2010 at NRCAF, Jhansi. 



nd th
Centre celebrated its 22  Foundation Day on 8  
May, 2010. Prabhat Ferry and Shramdan were 
organized. Scientists and academicians from 
neighboring institute participated in the function. 
On the occasion, best paper, best worker awards 

nd
22  FOUNDATION DAY

were given to Scientific, Technical and supporting 
staff of the Centre. A video film on Garhkundar 
Daber Watershed was shown. A field and laboratory 
visit was also organized for Staff and Children of 
staff members.
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9. Visitors

Hon'ble Secretary, DARE & DG, ICAR, New Delhi visits NRCAF, Jhansi

Hon'ble Dr. S Ayyappan, Secretary DARE and 
Director  General, ICAR, New Delhi  alongwith  Dr. 
Swapan K Dutta, DDG (CS), Dr. H P Singh, DDG 
(Horti.), Dr. M M Pandey, DDG (Engg.), Dr. K D 
Kokate, DDG (Ag. Extn.), Dr. Arvind Kumar, DDG 
(Edn.) and Dr. C S Prasad, ADG (ANP) who were at 
Jhansi in connection with meeting of “National 
Consultation in Fodder” visited the Centre on March 

th17 , 2010. They visited the experimental fields and 
also planted saplings on this occasion. The Hon'ble 
Director General discussed about the Agroforestry 
research initiative with particular reference to 
Bundelkhand region and showed keen interest in 
research on TBOs by the Centre. All the dignitaries appreciated the research work as well as campus 
development work specially gardens, etc. Hon'ble Director General released a video film on “Natural 
Resin & Gum Yielding Trees” which gives a brief account of natural resin and gum yielding trees of 
Bundelkhand in India during the meeting at IGFRI Auditorium.    

Deputy Director General (Horti.), ICAR, New Delhi visits NRCAF, Jhansi

Dr. H P Singh, DDG (Horti.), ICAR, New Delhi 
thvisited NRCAF, Jhansi on 7  February 2010. During 

the visit, Director NRCAF gave the account of 
research activities being carried out by the Centre and 
it's All Indian Coordinated Research Project on 
Agroforestry, Network. During the visit to the 
experimental fields of the Centre, Dr. Singh was very 
keen to know about the Tree Borne oilseed and 
Biofuel programme and the technology developed in 
this area by the Centre. He emphasized that the work 
on Karanj (Pongamia pinnata) is very significant due 
to its potential for biofuel. He showed keen interest on 
the research work in the context of climate change on 
indigenous species such as Acacia, Hardwickia and others. He was of the opinion that the agroforestry 
technology based on Horticulture (fruit trees) should get input from the Horticulture institutes of the 
Council.  

·Hon'ble Dr. A K Singh, DDG (NRM), ICAR, New Delhi.

·Dr. Swapan K. Dutta, DDG (CS), ICAR, New Delhi.

·Dr. M M Pandey, DDG (Edn.), ICAR, New Delhi.

·Dr. K D Kokate, DDG (Ag. Extn.), ICAR, New Delhi.

·Dr. Arvind Kumar, DDG (Edn.), ICAR, New Delhi.

·Dr. K M Bujarbaruah, Vice Chansllor, AAU, Jorhat (Assam).

·Sh. Kameshwar Ojha, DDG (NBM), Dept. of Horti., Ministry of Agriculture, GOI, New Delhi.



·Dr. C Rajkhowa, Director, NRC for Mithun, Nagaland.

·Sh. A P Singh, Chief Engineer (Central Circle), CPWD, Bhopal.

·Sh. Ashok Gupta, DRM, Jhansi.

·Dr. C S Prasad, ADG (ANP), ICAR, New Delhi.

·Prof. R M Singh, Prof. Emeritus, Dept. of Genetics & Pl. Breeding, BHU, Varanasi (U.P.).

·Dr. P S Pathak, Ex. ADG (AF), ICAR, New Delhi.

·Dr. S D Rai, Ex. ADG, ICAR, New Delhi.

·Dr. A K Mishra, Ex. Addl. Commissioner (Horti.), DA&C, New Delhi.

·Dr. V K Mishra, Dean, College of Horti. & Forestry, CAU, Pasighat (Arunachal Pradesh).

·Dr. J C Dagar, ADG (AF), NRM Division, ICAR, New Delhi.

·Dr. J P Mishra, Pr. Scientist, NRM Division, ICAR, New Delhi.

·Mr. Pyare Lal, Chief Executive, Pragati  Biotechnologies, Jalandhar ( Punjab)

·Sh. H L Meena, Director H.Q., NRM Division, ICAR, New Delhi.

·Sh. Sharma Puran, (Member, IMC), Atmadpur, Agra (U.P.).

·25 AICRPAF Scientists from 23 SAUs.

·60 Officials from State Departments and NGOs.
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10. Women in Agriculture

NRCAF has a limited women staff. A Women Cell 
was constituted at the Centre in 2007 as per the 
ICAR guidelines. During this year two meetings 

th st
(30  January and 21  December 2010)  of Women 
Cell under the Chairmanship of Director Dr. S K 
Dhyani was held at NRCAF Jhansi.

During 2010, Mrs. Shashi Prajapati member of 
women SHG (Maa Sheethala Swayam Sahayata 
Samooh) at Garhkundar Dabar Watershed in Distt. 

Tikamgarh (M.P.) along with her husband made 19 
numbers  of  moorthy.  For  this  purpose  she  got 
` 4000 from the SHG. They earned a net profit of  

17, 450 with an additional employment of 80 
man days. 

Out  of  four  SHGs, two have accrued  assets  worth 
74,000 (women SHG) and 25,000 (men SHG) 

respectively in a span of 4 years and have become 
self reliant in terms of small credit requirement.

` 

` ` 
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11. Personnel

Dr. S K Dhyani, Director

 Scientific

Technical

1. Dr. V K Gupta, Pr. Scientist (Tree Breeding)

2. Sh. Munna Ram, Pr. Scientist (Soil Science)

3. Dr. Anil Kumar, Pr. Scientist (Plant Pathology)

4. Dr. R K Tewari, Pr. Scientist (Horticulture)

5. Dr. Ram Newaj, Pr. Scientist (Agronomy)

6. Dr. Rajendra Prasad, Pr. Scientist (Soil Chem. /Microbiology)

7. Dr. A K Handa, Pr. Scientist (Forestry/Agroforestry)

8. Dr. S P Ahlawat, Sr. Scientist (Plant Breeding) 

9. Dr. R P Dwivedi, Sr. Scientist (Agril. Extension)

10. Dr. Ajit, Sr. Scientist (Agril. Statistics)

11. Dr. A Venketesh, Sr. Scientist (Forestry)

12. Dr. Badre Alam, Sr. Scientist (Plant Physiology)

13. Dr. Sudhir Kumar, Sr. Scientist (Horticulture)

14. Dr. R S Yadav, Sr. Scientist (Soil Science)

15. Dr. (Er.) Ramesh Singh, Sr. Scientist (SWE) 

16. Dr. R H Rizvi, Sr. Scientist (Computer Application)

17. Dr. D R Palsaniya, Scientist (Agronomy)

18. Sh. N Gurunathan, Scientist (Forestry)

1. Sh. B Singh, Sr. Farm Manager (T-9)

2. Dr. Rajeev Tiwari, Sr. Technical Officer (T-7/8)

3. Dr. C K Bajpai, Sr. Technical Officer (T-7/8)

4. Dr. A Datta, Sr. Technical Officer (T-7/8)

5. Sh. Sunil Kumar, Sr. Technical Officer (T-7/8)

6. Sh. U P Singh, Technical Officer (T-6)

7. Sh. Rajendra Singh, Technical Officer  (T-6)

8. Smt. Uma, Technical Officer  (T-6)

9. Sh. Rajesh Srivastava, Technical Officer (T-5), (Art & Photo)

10. Sh. R K Singh, Technical Officer (T-5)

11. Sh. S P Singh Yadav, Technical Officer (T-5)

12. Sh. Ram Bahadur, Sr. Technical Assistant (T-4)



13. Sh. Prince, (T-2), Mechanic

14. Sh. Het Ram, (T-2), Driver

15. Sh. Kashi Ram, (T-2), Driver

1. Sh. S B Sharma, A F& A O 

2. Sh. Dalbir Singh, AAO

3. Sh. A K Chaturvedi, P S to Director 

4. Sh. K P Sharma, Assistant

5. Sh. Hoob  Lal, P.A. to Director

6. Sh. Mahendra Kumar, Assistant

7. Sh. Birendra Singh Tomar, Assistant

8. Sh.Om Prakash, Jr. Stenographer

9. Sh. Deepak Vij, Jr. Stenographer (Gr.-III)

10. Sh. Tridev Chaturvedi, Stenographer(Gr.-III)

11. Sh. Vir Singh Pal, Sr. Clerk

12. Smt. Kaushalya Devi, Jr. Clerk

1. Sh. Attar Singh

2. Sh. Tulsi Das

3. Sh. Har Prasad

4. Sh. Kamta Prasad

5. Sh. Ram Singh

6. Sh. Jagdish Singh

7. Sh. Ram Din

8. Sh. Pramod Kumar

Administrative

Skilled Supporting Staff
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12. Miscellaneous

INSTITUTE JOINT STAFF COUNCIL
th stDuring this year two meetings (30  January and 21  

December 2010) of Institute Joint Staff Council 
(IJSC) were held on under the Chairmanship of 
Director Dr. S K Dhyani at the Centre.  

SELECTION

·Dr. R V Kumar, Sr. Scientist (Plant Breeding) of 
the Centre has been selected as Pr. Scientist 
(Plant Breeding) at IGFRI, Jhansi. He was 

th
relived from his present assignment on 29  
January, 2010.

·Dr. A K Handa, Sr. Scientist (Agroforestry/ 
Forestry) has been selected as Pr. Scientist 

th(Forestry/ Agroforestry) at the Centre w.e.f. 8  
February, 2010.  

·Dr. Sunil Kumar, Pr. Scientist (Agronomy) has 
been selected as Head (Crop Production 
Division), IGFRI, Jhansi.

·Dr. P Rathakrishnan, Scientist (Forestry) has 
been selected as Sr. Scientist (Forestry) at 
Regional Research Station of CAZRI at Bikaner 
(Raj.). 

PROMOTION

·Dr. R H Rizvi, Scientist (Sr. Scale) promoted to 
the post of Sr. Scientist (Computer Application) 

thw.e.f. 20  November, 2008.

·Sh. Sunil Kumar, Tech. Officer (T-6) promoted 
to the post of Sr. Technical Officer (T –7/8)      

thw. e. f. 14  May, 2009.

·Sh. Dalbir Singh Rawat, Assistant of the Centre 
has been promoted to Assistant Administrative 

nd
Officer w.e.f. 2  September, 2010. 

·Sh. Shishu Pal Singh Yadav, Sr. Tech. Assistant 
(T-4) of the Centre has been promoted to 

st
Technical Officer (T-5) w. e. f. 21  March, 2010.

·Sh. Mahendra Kumar Gautam, Sr. Clerk of the 
th

Centre has been promoted to Assistant w.e.f. 15  
November, 2010. 

·Sh. Birendra Singh Tomar, Sr. Clerk of the 
th

Centre has been promoted to Assistant w.e.f. 27  
December, 2010. 

·Sh. Vir Singh Pal, Jr. Clerk of the Centre has 
th

been promoted to Sr. Clerk w.e.f. 27  December, 
2010. 

NEW SCIENTISTS / STAFF

·Dr. Sudhir Kumar, Sr. Scientist (Horti.) joined 
the Centre from IGFRI, Jhansi.

·Sh. Tulsi Das and Sh. N. Gurunathan Scientists 
(Forestry) joined the Centre.

·Sh. Tridev Chaturvedi as Stenographer (Gr. III) 
from CSWCR&TI, Research Centre, Datia 
(M.P.) joined the Centre.

RETIREMENT & RESIGNATION

·Sh. S G Dhamdhere, Technical Officer (T-5), 
st

(Library) of the Centre retired on 31  August, 
2010. The staff members bid a grand farewell. 

·Sh. Tulsi Das, Scientist (Forestry) resigned the 
ICAR. 

AWARDS AND RECOGNITIONS

·Dr. R  P  Dwivedi, Sr. Scientist was Awarded 
Fellow of the Range Management Society of 
India, IGFRI, Jhansi (November, 2010).

ICAR ZONAL  SPORTS

·A contingent of 06 participants from the Centre 
participated in ICAR Zonal Sports Meet at 

th thCSWRI, Avikanagar (Raj.) from 10  -14  
February, 2010. Sh. Attar Singh got First prize in 
cycle race. 

·Sh. Attar Singh (SSS) of the Centre participated 
in the ICAR Inter Zonal Sport at CAZRI, 

th th
Jodhpur from 9  to 13  November, 2010 and Sh. 
Atar Singh  got First prize in cycle race. 



13. jktHkk”kk xfrfof/k;k¡

fgUnh lIrkg dk 'kqHkkjEHk fnukad 14 flrEcj] 2010 dks 
fd;k x;kA dsUnz funs”kd Mk- ,l- ds- /;kuh us vius 
lEcks/ku esa fgUnh ds O;kid izpkj&izlkj ds fy, fgUnh 
dks O;olk; ls tksM+dj mlds egÙkk ij izdk”k MkykA 
mUgksaus dgk fd fgUnh dks tu&laidZ Hkk"kk ds :Ik esa 
LFkkfir djus ds fy, vHkh Hkh cgqr igy djus dh t:jr 
gSA jk"Vªh; 'kks/k laLFkkuksa esa tgk¡ fofHkUu izkUrksa dk 
izfrfuf/kRo gksrk gS] fgUnh esa dke djuk pqukSrh Hkjk gksrk 
gSA dk;ZØe esa ekuuh; d`f"k ea=h ¼Hkkjr ljdkj½ dk 
lans”k rFkk ifj’kn~ ds egkfuns”kd egksn; dh vihy 
i<+dj lquk;h x;hA fnukad 21 flrEcj 2010 dks fgUnh 
lIrkg dk lekiu gqvkA dsUnz }kjk izdkf”kr jktHkk’kk 
if=dk ̂ ^d`f’kokfudh vkyksd** ds prqFkZ vad dk foekspu 

fof”k’B vfrfFk }kjk fd;k x;kA bl volj ij fof”k’B 
vfrfFk }kjk izfr;ksfxrk esa fot;h izfrHkkfx;ksa dks iqjLdkj 
Hkh forfjr fd;k x;kA 

fgUnh lIrkg  (14&22 flrEcj] 2010)
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eaMy jsy izcU/kd dk;kZy;] >k¡lh }kjk vk;ksftr uxj 
jktHkk’kk dk;kZUo;u lfefr dh cSBd fnukad 16-04-2010 
dks Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku] >k¡lh esa 
vk;ksftr gqbZA cSBd esa ljdkjh dkedkt esa jktHkk’kk dks 

jk’Vªh; d`f’kokfudh vuqla/kku dsUnz esa fnukad 14 fnlEcj] 
2010 dks uxj jktHkk’kk dk;kZUo;u lfefr ¼ujkdkl½ dh 
48oha cSBd gqbZA bl cSBd esa ljdkjh dkedkt esa 
jktHkk’kk dks c<+kok nsus ij fofHkUu fcUnqvksa ij ppkZ dh 
xbZA ekuuh; lalnh; jktHkk’kk lfefr ds >k¡lh vkxeu 
dh tkudkjh lHkh lnL; dk;kZy;ksa nh xbZA dk;ZØe esa 
fiNyh dk;Zo`fRr dh iqf’V dh rFkk lalnh; jktHkk’kk 
lfefr dh iz”ukoyh dks i<+dj lHkh lnL;ksa dks lquk;k 
rFkk ml ij fopkj&foe”kZ fd;k x;kA Mk- ds- ,- flag] 
funs”kd] xzklyS.M us lHkh ls fgUnh ij gLrk{kj djus ij 
tksj fn;kA d`f’kokfudh dsUnz ds funs”kd] Mk- ,l- ds- 

jktHkk"kk vuqHkkx

c<+kok nsus gsrq fofHkUu fcUnqvksa ij ppkZ dh xbZ ,oa ml ij 
fu.kZ; fy;s x;sA cBS d e as ;g Hkh fu.k;Z  fy;k x;k fd vxyh 
uxj jktHkk’kk dk;kUZ o;u lfefr dh cBS d jk’Vhª ; 
df̀’kokfudh vulq /a kku dUs n z e as vk;kfs tr dh tk;sxhA 

uxj jktHkk"kk dk;kZUo;u lfefr cSBd

/;kuh us fd dsUnz }kjk vHkh gky gh esa ,d fgUnh esa 
d`f’kokfudh ”kCndks’k dk izdk”ku fd;k x;k gS rFkk 
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fgUnh dk;Z'kkyk;sa

dsUnz esa fnukad 31 ekpZ] 2010 dks dsUnz fgUnh dk;Z”kkyk 
dk vk;kstu fd;k x;kA dk;ZØe ds eq[; vfrfFk ,oa 
oDrk Mk- vkj- oh- dqekj us viuk “kks/k O;k[;ku ̂^tSVªksQk 
tSo bZa/ku dk lzksr** fo"k; ij viuk foLr`r O;k[;ku 
fn;kA mUgkasus crk;k fd tgk¡ ij [ksrh ;ksX; tehu u gks 
ogk¡ ij tSVªksQk dh [ksrh dh tk ldrh gS vkSj mldk 
cht cspdj vkenuh c<+kbZ tk ldrh gSA mUgksaus tSVªksQk 
dh fofHkUu iztkfr;ksa ds ckjs essa foLr`r :Ik ls tkudkjh 
nhA mUgksaus ikS/k jksi.k ls ysdj rsy fudkyus rd dh 
fof/kor tkudkjh yksxkas dks nhA mUgkasus crk;k fd tSVªksQk 
rsy ls dbZ e”khuas tSls jsyxkM+h] iEi] tujsVj bR;kfn 
py jgs gSaA

fnuk¡d 17 twu] 2010 dks ,d vU; dk;Z”kkyk dk 
vk;kstu fd;k x;kA dk;Z”kkyk esa vkg~oku fd;k fd 

lEcS/kkfud nkf;Roksa ds fuoZgu gsrq lHkh yksx viuk 
ljdkjh dkedkt vf/kd ls vf/kd fgUnh djsa ftlls 
jktHkk"kk fgUnh ds vkns”kksa dk ikyu gks ldsA mUgksaus 
izsfjr fd;k fd vf/kd dk;Z djus okys dks izksRlkfgr 
fd;k tk;sxkA

tuojh 2011 esa rhu fnolh; fgUnh Hkk’kk esa jk’Vªh; 
laxks’Bh dk vk;kstu fd;k tk jgk gSA xkft;kckn ls 
jktHkk’kk vuqla/kku vf/kdkjh ¼dk;kZUo;u½ Jh ujsUnz flag 
esgjk }kjk x`g ea=ky;] Hkkjr ljdkj ds jktHkk’kk uhfr 

fu;e ,o a dk;kUZ o;u ij foLrkj l s lHkh dk s tkudkjh nhA 
bl cBS d e ss >kl¡ h fLFkr dUs nhz ; ljdkj dk;kyZ ;k as d s
vf/kdkjh] depZ kjh rFkk df̀’kokfudh dUs n z d s oKS kfud] 
vf/kdkjh ,o a depZ kjhx.k u s Hkkx fy;kA 



i

dk;Zdkjh lkjka’k

·tkS ,oa pus esaa ck;ksekl baMSDl Nk;k dk çfr”kr c<+us 
ds lkFk de gksrk x;kA dqy i.kZ gfjr ,oa i.kZ 
gfjr&, dh ek=k Nk;k c<+Uks ds lkFk&lkFk c<+rh 
x;hA ,uFkzkslkbfuu dh ek=k Nk;k c<+us ds dkj.k 
de vafdr dh x;hA [kjhQ dh Qlyksaaa ¼mnZ o fry½ 
esaa Hkh ,sls gh ifj.kke vafdr fd;s x;sA mnZ o fry esaa 
cqvkbZ ds 45 fnu ckn lekos”k dh nj ,oa 
vUrjdks”khdh; dkcZu MkbZ vkDlkbM dh lkUærk ds 
lacèk dk Hkh vè;;u fd;kA [kqys esaa mxk;h x;h 
Qlykas esaa dkcZu MkbZ vkDlkbM lekos”k dh ek=k 
Nk;k esaa mxk;h x;h Qlykas dh rqyuk esa T;knk 
vafdr dh x;hA dkcZu MkbZ vkDlkbM dh lkUærk o 
vUrjdks”khdh; lekos”k dh nj ij Nk;k dh fofHkUu 
voLFkkvksa ds dkj.k deh vafdr dh x;hA

·lQsnk o`{k ds pkj le:i lUrfr dks lu~ 2009 esaa 
—f"kou] [k.M o`{kkjksi.k ,oa [ksr dh esaM+ksa ij jksfir 
fd;k x;kA jksiM+ ds 72 eghuksa ds ckn o`{kkas dh vkSlr 
yEckbZ ,oa Mh-oh-,p- Øe”k% 21-0 ehVj o 19-7 lseh- 
¼—f"kou i)fr½] 21-4 ehVj o 19-3 lseh- ¼[ksr dh 
esaM+ksa ij½ rFkk 21-3 ehVj o 18-9 lseh ¼[k.M 
o`{kkjksi.k½ esaa vafdr fd;k x;kA o`{kksaaa esaa o`f) dh nj 
l?ku [k.M dh rqyuk esaa —f"kou i)fr esaa vPNh ik;h 
x;hA bl o"kZ lkr o"kZ iqjkus lQsns ds o`{kksaaa dh dVkbZ 
ls 3-77 yk[k :Ik;s dh vk; çkIr gq;hA 

·vkUèk z çn”s k d s [kEee fty s e aas lQns k vkèkkfjr 
—f"kokfudh i)fr dk v/;;u fd;k x;kA okf"kdZ  
lofa ) ekè; ikp¡ o sa o"k Z e aa s o{̀kk aa a s dh yEckb]Z  Mh-oh-,p- ,o a

2 &1?kuRo Øe”k% 3-2 ehVj] 1-87 les h ,o a 22-5 ehVj  gs  
vfa dr fd;k x;kA fdlkuk sa u s lQns  s fofHkUUk lUrfr 
lh&3] lh&7] lh&316] lh&411] lh&413  bR;kfn dk s
3 × 1-5 ehVj ij jkfs ir fd;kA —urd lh&10 ,o a
lh&12 e aas lQns k xky dh ço.krk vfa dr dh x;hA 
o{̀kkjkis M + d s ckn igy s o"k Z e aa s :b]Z  fep]Z  mn]Z  pkoy rFkk 
exaw Qyh dk s vUr%Qly d s :Ik e aas mxk;k x;k yfs du 
budh inS kokj e aas deh 70 çfr”kr rd vfa dr dh x;hA 
bl {k=s  d s fdlku lcq cyw  vkjS  xUuk o uxn vkenuh 
okyh Qlyk aas dh rjQ c< + jg s g S D;kfas d bu Qlyk aaa s l s
fdlkuk as dk s cktkj l s lhèkk ilS k fey tkrk gAS  

·lQns k] flfjl ,o a jrutkrs  dh fodflr gjh ifŸk;k ,o a
u;h dkis yk as e aa s fyxfUku dh ek=k dk vè;;u fd;k x;kA 
bu lHkh o{̀kk aa s dh tkfr;k as e aa s fodflr gjh ifŸk;k as e aa s u;h 
dkis yk as dh ryq uk e aas fyXkfUku dh ek=k de vfa dr djh 
x;hA vklS ru fyxfuu dh ek=k lQns k] flfjl rFkk 
jrutkrs  dh fodflr gjh ifŸk;k sa ,o a u;h dkis yk as e aa s
Øe”k% 21-7 o 23-6] 12-3 o 19-6 ,o a 11-1 o 14-6 çfr”kr 
rd vfa dr djh x;hA

·jrutkrs  o{̀kk aa s ij bFkkQs ku dk s fNMd+ u s l s ifŸk;k ¡ tYnh 
>Mu+  s yxrh g]aS  fofHkUu of̀) jlk;uk as d s fNMd+ ko l s Ik"q i 
foU;kl e aas Qyw k as o Qyk as dh l[a ;k e aas of̀) vfaa dr djh 
x;hA

·djta  d s “kk[k dfVxa  rFkk cht w ikèS kk aa s e sa xeh Z ¼eb½Z  e aas
Qjojh eghu s dh ryq uk e as yhQ okVj ikVs fs ”k;y de 
vfa dr fd;k x;kA eb Z d s eghu s e aas lnh Z d s eklS e dh 
ryq uk rkieku e aas of̀) dh otg l s ck"ikRs ltuZ  e aas
c<k+ Ÿs kjh gh bldk e[q ; dkj.k gAS  “kkf[k; rFkk cht w ikèS kk aa a s
dh ifŸk;k as d s Ý”s k oVs ] Ý”s k VjftM oVs  ,o a “k"q d Hkkj e aas
dkQh ldkjkRed vUrj ik;k x;kA “kkf[k; dVkb Z ikèS kk aa s
e aa s ikuh dh deh dh nj cht ww ikèS kk aa s dh ryq uk e aas T;knk 
ik;h x;hA nkus k as çdkj d s o{̀kk aa s e aa s lh-lh-,e- bUMDs l 
yxHkx leku ik;k x;kA

·[kjhQ eklS e dh rhu Qlyk aas ¼mn]Z  exaw  o fry½ jch 
eklS e dh nk s ¼puk ,o a eVj½ rFkk nk s pkjk Qlyk aas
¼cjlhe o LVkbyk½s  e aas vjcLdyq j ekbdkjs kbth QUtkb Z
dk Vhdkdj.k e aas çHkko dk vè;;u fd;k x;kA 
Vhdkdj.k dk lcl s vPNk çHkko mn Z ¼yky eǹk½] exaw  
¼yky ,o a dkyh nkus k sa çdkj dh eǹk½] puk ¼yky eǹk½] 
cjlhe ¼yky eǹk½ rFkk LVkbyk s ¼yky eǹk½ e aas vfa dr 
fd;k x;kA yky ,o a dkyh eǹk e aas eVj rFkk dkyh eǹk 
e aas LVkbyk s ij lkèkkj.k çHkko ik;k x;kA ,-,e- çtkfr 
dk “k"q d Hkkj e aas of̀) dkyh eǹk dh ryq uk e as yky eǹk e aas
T;knk ik;h x;hA ekbdk s jkbTkk fuHkjZ rk jch dh Qlyk aas
dh ryq uk e aas [kjhQ dh Qlyk aas e aa s T;knk ik;h x;hA ,ls k 
n[s ku s e aas vk;k g S fd ,-,e- QUtkb Z tlS  s Xykes l 
bUVkª fMDl u s yky eǹk e aas vPN s ifj.kke fn; s tcfd dNq  
nlw jh çtkfr;k aa a s tlS  s Xykes l&1 dkyh eǹk e aas vPN s
ifj.kke fn; s gAS



·vkjcLdqyj ekbdksjkbty QUtkbZ dh 20 çtkfr;ksaa 
dh o`f) dk v/;;u eVj] puk] xsgw¡ ,oa cjlhe esaa 
fd;k x;kA lHkh Qlyksa esa budh vPNh c<+okj iklh 
x;hA pus esaa Dyksukbts”ku bUMsDl dh osY;q eVj] 
cjlhe o xsgw¡ fd rqyuk esaa lokZfèkd ik;h x;hA 
jkbtksLQh;j dh ,d o vusd iks"kd çtkfr;ksaa esaa ,-
,e-,Q- ds thok.kqtuUk dk vè;;u fd;k x;kA eVj 
o pus ds jkbtsLQh;j esaa Liksj dh la[;k lokZfèkd 
vafdr dh x;hA

·e`nk dh xgjkbZ] ,l-vks-lh-] ih-,p-] bZ-lh-] miyCèk 
u=tu] QkLQksjl] iksVk”k] tSfod xfrfofèk] v.kq 
tSfod tSoHkkj] èkkj.k {kerk] ch-Mh- RkFkk lh-bZ-lh- ds 
vk/kkj ij e`nk esaa yhfu;j QaD”kuy Ldksjks dks 
fodflr fd;k x;kA lQsn flfjl vkèkkfjr 
—f"kokfudh i)fr esaa lesafdr ewY;ksa ds fØ;ko;u 
Ldksj dk e`nk esa xq.koŸkk lwpdksa dk vè;;u fd;k 
x;kA e`nk xq.koŸkk lwpdkad lokZfèkd fcuk NVkbZ  
¼0-57½ voLFkk esaa rnmijkUr 50 çfr”kr ¼0-55½ ,oa 70 
çfr”kr ¼0-54½ esaa tcfd U;wure “kq) Qly ¼0-36½ esa  
ik;k x;kA jkMkj Mk;kxzke esa dk;kRed IYkkSfVax 
Ldksj ds vè;;u ls Kkr gksrk gS] fd e`nk ds LokLFk esaa 
tSfod xfrfofèk esaa fyfefVax lwpdkad dh eq[; 
Hkwfedk gSA

·vkWoyk ikSèkksaa esa o`f) ,oa Qy mRiknu esaa dkyh e`nk ds 
Fkkyks esa iwjs o"kZ ikuh nsus ls vflafpr dh rqyuk esaa 
o`f) vafdr dh x;hA vUr%Qlyksaa esaa [kkyh txg esaa 
o`f) ,oa mRiknu esaa dksbZ Hkh udkjkRed çHkko 
fn[kk;h ughaa fn;kA blds foijhr] [kkyh Qly dh 
rqyuk esaa vUr%Qlyksaa ds mRiknu esaa o`{kksaa ds lkFk 
çdk”k] iks"kdksa ,oa ueh ds dkj.k deh vafdr djh 
x;hA 

·?kuRo vuqdqyrk ds vè;;u gsrq vxLr 2010 esaa csy 
dh çtkfr lh-vkbZ,l-,p- ch&2 dks jksfir fd;k 
x;kA fnlEcj 2010 ls 83 çfr”kr LFkk;u vafdr 
fd;k x;kA ,d vU; vè;;u esa] [kjhQ 2010 esaa csj 
dh xksyk çtkfr dks 6 × 6 ehVj ij jksfir fd;k 
x;kA bldk LFkkiu “krçfr”kr vafdr fd;kA

·Oku pjkxkg i)fr ds vUrxZr lQsn flfjl dh 
NVkbZ ds vè;;u ls Kkr gksrk gS fd pkj o"kks± ckn 75 
çfr”kr rd NVkbZ djus ls lokZfèkd dqy “kq"d tSo 
Hkkj ¼8-56 Vu çfr gs-½ 50 çfr”kr ¼7-24 Vu çfr gs-½ 
rFkk 25 çfr”kr ¼5-98 Vu çfr gs-½ çkIr fd;k x;k 

gSA tcfd o`{kksaa dh o`f) lwpdkadks esaa dksbZ fuf”pr 
ifjorZu ns[kus esa ugha vk;kA

·vjMw rFkk Hkhey dk jkdM e`nk esa ewY;kadu ls irk 
pyrk gS] fd vjMw dh vkSlr yEckbZ] lh-Mh- rFkk Mh-
ch- ,p Øe”k% 4-15 ehVj] 14-5 lseh- rFkk 9-5 lseh- 
tcfd Hkhey ds fy;s ;s vk¡dM+s Øe”k% 3-6 ehVj] 6-9 
lseh- rFkk 3-8 lseh- vafdr djs x;sA vjMw rFkk Hkhey 
vkèkkfjr ou pjkxkg ls ls- lsczkjkuk dk lw[kk pkjk 
Øe”k% 4-12 rFkk 2-81 Vu çfr gs- çkIr gqvkA

·Ukhe dk tSfod lqèkkj dk;Z fd;k x;kA bl dsUæ ij 
uhe ds 220 tuu æO;ksa dks vkB jkT;ks ¼mŸkj çns”k] 
eè; çns”k] jktLFkku] egkjk"Vª] if”pe caxky] 
xqtjkr] vkUèkz çns”k rFkk rfeyukMw½ ls bdV~Bk fd;k 
x;kA lu~ 2000 esa LFkkfir vadqj.kh ijh{k.k esaa dk"B 
?kuRo o o`f) dkjdkas ds vkèkkj ij vadqj.k Hkqlkoy] 
ukfld] /kkjokM+ rFkk lsouh dks cgqr vPNk ik;k 
x;kA bl lHkh esa Hkqokly lokZfèkd cht mRiknd 
ik;k x;kA djuy ds vkèkkj ij buesa ls ,d ikSèkk 
,slk ik;k x;k ftlesa 50 çfr”kr rd rsy ik;k x;kA 
pSd dh rqyuk esaa yxkrkj ikap o"kks± rd vPNs 
mRiknu okys o`{kksaa dk irk pykA xqtjkr] egkjk"Vª 
,oa vkUèkz çns”k vkfn fofHkUu txgksa ij fd;s x;s 
ijh{k.k ls Kkr gksrk gS fd çkstsuh 115 yxHkXk 27-50 
çfr”kr ,tkjsDVhu ¼pSd dh rqyuk½ rFkk çkstsuh 118 
yxHkx 9 çfr”kr rsy dh ek=k esaa vPNh ik;h x;hA 
vkcknh ?kuRo rFkk okrkoj.k ds çHkko ds dkj.k 
gSnjkckn o jkgqjh esa yxs uhe o`{kksaa ls T;knk rsy çkIr 
fd;k x;kA

·vdsfl;k fuyksfVdk çtkfr ds larfr ijh{k.k esa Iyl 
Vªh ¼22 rFkk 11 çkststh½ rFkk çksosusal ¼20 çkstsuh½ dh 
LFkkiuk ,oa o`f) dkjdks dk vè;;u fd;k x;kA 22 
Iyl Vªh esaa o`f) dkjdksa tSls o`{k yEckbZ] xrZ dk 
O;kl] ruk O;kl rFkk —=d O;kl esaa vUrj lkFkZd 
ik;k x;kA vkSlru fo”kk[kh; ruk] xrZ O;kl] ruk 
O;kl rFkk —=d O;kl Øe”k% 166-04 lseh] 132-27 
feeh- 105-78 feeh rFkk 384-48 lseh vafdr fd;k 
x;kA fo”kk[kh; rus dk çkjfEHkd “kk[kkvksa dh rqyuk 
esaa udkjkRed lglacaèk ik;k x;kA ih-Vh-&2] ih-
Vh&1] ih-Vh-&12] ih-Vh-&14 rFkk ih-Vh-&16 IyVª Vªh 
çkstsuh lcls vPNh çkstsuh vafdr dh x;hA

·vdsfl;k fuyksfVdk ds lUrfr ijh{k.k esaa o`{k dh 
yEckbZ] xrZ O;kl] ruk O;kl rFkk —=d O;kl esaa 

ldkjkRed vUrj vafdr fd;k x;kA lkQ ruk] xrZ 
O;kl] ruk O;kl rFkk —=d O;kl dk vkSlr eku 
Øe”k% 133-52 lseh-] 117-67 feeh-] 98-01 feeh- rFkk 
4-66-17 lseh vafdr fd;k x;kA o`{kksaa dh yEckbZ] 
lkQ ruk] xrZ O;kl rFkk N=d O;kl ls lkFkZd ,oa 
ldkjkRed lg lEcUèk ik;k x;kA lHkh y{k.kksa ds 
vkèkkj ij “kktkiqj] eaMyk] o/kkZ] dksbEcVwj RkFkk 
[k.Mok ds çkscsusal lcls vPNs ik;s x;sA lHkh ikSèkksaa esaa 
Qy o Qwy dk mRiknu vafdr fd;k x;kA

·jrutksr ds fofHkUUk txgksa dh 27 çtkfr;ksaa esaa o`{k 
yEckbZ] xrZ O;kl] f}rh; “kk[kkvkas dh la[;k “kk[kk 
dh yEckbZ] {k=d O;kl] Qyksa dh yEckbZ o pkSM+kbZ 
vkSj Qy ds otu ls ldkjkRed fHkUurk ik;h x;hA 
,u vkj lh ts&3 lokZfèkd cht o Qy mRiknd ik;k 
x;kA 

·,d vU; Ikz;ksx esaa] 45 ladj ,oa 10 isjsUVks dk 
vk¡dyu djus ij ns[kk x;k fd lHkh vkil eas 
ldkjkRed fofHkUu gSaA lHkh ladjksa ds cht ,oa Qy 
mRiknu esa ?kukRed ldkjkRed lg lacaèk ik;k x;k 
tksfd Qy ,oa Qy vkdkj esaa ugha FkkA vkSlru cht 
mRiknu dh n`f"V ls ladj ,u-vkj-lh-ts- &15] ,u-
vkj-lh-ts-&44] ,u-vkj-lh-ts-&18] ,u-vkj-lh-ts-
&45 rFkk ,u-vkj-lh-ts-&25 vius iSr`d dh rqyuk esaa 
dkQh vPNs ik;s x;sA bu lHkh jrutksr ds ladjh ds  
ewY;kadu gsrq 4 × 4 ehVj ij jksfir dj muds lkFk 
xsgw¡ dh vUr%Qly ¼yksd&1½ dks —f"kokfudh i)fr 
esaa yxk;k x;kA jrutksr ladjks dk xsgw¡ dh c<+okj 
,oa mRiknu ij i<+uss okys çHkko dk pkj o’kZ vè;;u 
fd;k x;kA xsagw¡ dh c<+okj o mRiknu dh n`f"V ls 
lcls T;knk mit ladj&6] blds ckn ladj&15]16 
40 rFkk 4 esaa vafdr fd;k x;kA xsagw¡ dh [kkyh Qly 
dk mRiknu 2880 fdyks çfr gsDVs;j çkIr fd;k 
x;kA

·Ckcwy ds o`{kksaa dh 15 Qsfefy;ksa esaa ls ik¡poas o"kZ esa 11 
Qsfefy;ks dh c<+okj vPNh vafdr dhA bu o`{kksaa dh 
vkSlr yEckbZ 5-36 ehVj o eksVkbZ 6-09 lseh- ik;h 
x;hA o`{kksaa dh yECkkbZ] xrZ O;kl ,oa eksVkbZ ds vkil 
esaa ldkjkRed lg lacaèk pkj ls ik¡p o"kZ esaa ik;k x;kA 
ruk] “kk[kkvksa rFkk dqy dk"B tSoHkkj esaa ukWu yhfu;j 
lehdj.k lgh <ax ls LFkkfir gqvkA bl LFkkfir 
lehdj.k }kjk vU; ccwy ds o`{kksaa esaa Hkh mi;ksx dj 
tSo Hkkj dk vkadyu fd;k tk ldrk gSA

·csecqlk csydksvk] ch- oyxsfjl rFkk iksaxkfe;k 
fiUukVk dks lw{e çcZèku }kjk ,e-,l- ehfM;k esaa o`f) 
dkjdks dh en~n ls rS;kj fd;k x;kA ck¡l ,oa djat 
dh 2&3 lseh yEcs VqdM+s dks ftlesa d{kLFk dfydk 
ekStwn Fkh mudks ,DlIykaV ds :Ik esaa fy;k x;kA bl 
d{kLFk dfydkvkas dh tqykbZ vxLr ds eghus esaa 
bdV~Bk fd;k x;kA ,e-,l- ehfM;e eas lkbVksdkbu 
feykus ls vokZfèkd csecwlk Dyxsfjl ¼100 çfr”kr½ 
rFkk mlds ckn cs- csydksvk ¼9-6 çfr”kr½ u;h 
“kk[kkvksa dks vafdr fd;k x;kA u;s dYyks esaa c<+ksrjh 
yxkrkj pkj g¶rksa rd vafdr dh x;hA ,e-,l- 
ehfM;k $ 4-0 feyhxzke@yhVj ,u-,-,- rFkk ,e-,l- 
$ 5 feyh xzke@yhVj vkbZ-th-,- ls mipkfjr djus 
ls lcls vPNk ewyu ¼80&850 çfr”kr½ vafdr fd;k 
x;kA bl lHkh esaa T;knkrj 4&8 tM+s gh fudy ikrh 
gSA bl ,e-,l- ehfM;e esa yxHkx pkj g¶rs ckn gh 
ikSèkk lgh fodflr gksrk gSA ikSèkksaa dks etcwrh çnku 
djus ds fy;s çfØ;k fodflr djh x;hA etcwrh 
çnku djus ds ckn bu ikSèkksaa esaa LFkkiu 65 çfr”kr 
vafdr fd;k x;kA

·x<+dq.Mkj&Mkcj ty lesV ifj;kstuk ds vUrxZr 
lkekftd & vkfFkZdh ,oa jgu lgUk] ty lalkèku 
dk fodkl] csj esaa dfydk;u rFkk —f"km|kfudh 
—f"kokfudh i)fr;ksa esaa Qlyksaa dk çHkko eqn~nks ij 
dk;Z fd;k tk jgk gSA uhcw] ve:n] vkWoyk] ccwy] 
dVgy] Vhd] csy ,oa ck¡l ds 1321 ikSèkksaaa dks yxHkx 
N% xk¡oksa ds fdlkuksa esaa ck¡Vs x;sA pkj eghus ckn] 
lokZfèkd LFkkiu ccwy ¼100 çfr”kr½ mlds ckn 
dVgy ¼73-9 çfr”kr½ vafdr fd;k x;kA xk¡oksa esaa] 
lokZfèkd LFkkiu ¼98-8 çfr”kr½ jrkSuk esaa rFkk lcls 
de MkCkj ¼72-3 çfr”kr½ vafdr fd;k x;kA

·mipkfjr rFkk vuqipkfjr tykxekas ls ihd fMLpktZ 
3 &1 &1Øe”k% 0-221 rFkk 0-04296 eh  ls gs  ik;k x;kA 

mipkfjr tykxe eas vuqipkfjr tykxe dh rqyuk 
esaa yxHkx 94 çfr”kr ihd fMLpktZ de ik;k x;kA 
mipkfjr tykxe esa vuqipkfjr tykxe dh rqyuk 
esaa ihd 51 feuV dh nsjh ls vafdr fd;k x;kA

·ve:n] uhcw o vkWoyk vkèkkfjr —f"kokfudh i)fr 
dks bl o"kZ Hkh [kjhQ o jch ekSle esaa tkjh j[kk x;kA 
jch esaa xsgw¡ dh çtkrh ,p-Mh-&2932 dks mxk;k x;kA 
—f"kokfudh i)fr ds vUrxZRk rqyukRed vè;;u 
gsrq xsgw¡ dh blh çtkfr dks rhu ijh{k.kksa esa mxk;k 

iiiii



·vkjcLdqyj ekbdksjkbty QUtkbZ dh 20 çtkfr;ksaa 
dh o`f) dk v/;;u eVj] puk] xsgw¡ ,oa cjlhe esaa 
fd;k x;kA lHkh Qlyksa esa budh vPNh c<+okj iklh 
x;hA pus esaa Dyksukbts”ku bUMsDl dh osY;q eVj] 
cjlhe o xsgw¡ fd rqyuk esaa lokZfèkd ik;h x;hA 
jkbtksLQh;j dh ,d o vusd iks"kd çtkfr;ksaa esaa ,-
,e-,Q- ds thok.kqtuUk dk vè;;u fd;k x;kA eVj 
o pus ds jkbtsLQh;j esaa Liksj dh la[;k lokZfèkd 
vafdr dh x;hA

·e`nk dh xgjkbZ] ,l-vks-lh-] ih-,p-] bZ-lh-] miyCèk 
u=tu] QkLQksjl] iksVk”k] tSfod xfrfofèk] v.kq 
tSfod tSoHkkj] èkkj.k {kerk] ch-Mh- RkFkk lh-bZ-lh- ds 
vk/kkj ij e`nk esaa yhfu;j QaD”kuy Ldksjks dks 
fodflr fd;k x;kA lQsn flfjl vkèkkfjr 
—f"kokfudh i)fr esaa lesafdr ewY;ksa ds fØ;ko;u 
Ldksj dk e`nk esa xq.koŸkk lwpdksa dk vè;;u fd;k 
x;kA e`nk xq.koŸkk lwpdkad lokZfèkd fcuk NVkbZ  
¼0-57½ voLFkk esaa rnmijkUr 50 çfr”kr ¼0-55½ ,oa 70 
çfr”kr ¼0-54½ esaa tcfd U;wure “kq) Qly ¼0-36½ esa  
ik;k x;kA jkMkj Mk;kxzke esa dk;kRed IYkkSfVax 
Ldksj ds vè;;u ls Kkr gksrk gS] fd e`nk ds LokLFk esaa 
tSfod xfrfofèk esaa fyfefVax lwpdkad dh eq[; 
Hkwfedk gSA

·vkWoyk ikSèkksaa esa o`f) ,oa Qy mRiknu esaa dkyh e`nk ds 
Fkkyks esa iwjs o"kZ ikuh nsus ls vflafpr dh rqyuk esaa 
o`f) vafdr dh x;hA vUr%Qlyksaa esaa [kkyh txg esaa 
o`f) ,oa mRiknu esaa dksbZ Hkh udkjkRed çHkko 
fn[kk;h ughaa fn;kA blds foijhr] [kkyh Qly dh 
rqyuk esaa vUr%Qlyksaa ds mRiknu esaa o`{kksaa ds lkFk 
çdk”k] iks"kdksa ,oa ueh ds dkj.k deh vafdr djh 
x;hA 

·?kuRo vuqdqyrk ds vè;;u gsrq vxLr 2010 esaa csy 
dh çtkfr lh-vkbZ,l-,p- ch&2 dks jksfir fd;k 
x;kA fnlEcj 2010 ls 83 çfr”kr LFkk;u vafdr 
fd;k x;kA ,d vU; vè;;u esa] [kjhQ 2010 esaa csj 
dh xksyk çtkfr dks 6 × 6 ehVj ij jksfir fd;k 
x;kA bldk LFkkiu “krçfr”kr vafdr fd;kA

·Oku pjkxkg i)fr ds vUrxZr lQsn flfjl dh 
NVkbZ ds vè;;u ls Kkr gksrk gS fd pkj o"kks± ckn 75 
çfr”kr rd NVkbZ djus ls lokZfèkd dqy “kq"d tSo 
Hkkj ¼8-56 Vu çfr gs-½ 50 çfr”kr ¼7-24 Vu çfr gs-½ 
rFkk 25 çfr”kr ¼5-98 Vu çfr gs-½ çkIr fd;k x;k 

gSA tcfd o`{kksaa dh o`f) lwpdkadks esaa dksbZ fuf”pr 
ifjorZu ns[kus esa ugha vk;kA

·vjMw rFkk Hkhey dk jkdM e`nk esa ewY;kadu ls irk 
pyrk gS] fd vjMw dh vkSlr yEckbZ] lh-Mh- rFkk Mh-
ch- ,p Øe”k% 4-15 ehVj] 14-5 lseh- rFkk 9-5 lseh- 
tcfd Hkhey ds fy;s ;s vk¡dM+s Øe”k% 3-6 ehVj] 6-9 
lseh- rFkk 3-8 lseh- vafdr djs x;sA vjMw rFkk Hkhey 
vkèkkfjr ou pjkxkg ls ls- lsczkjkuk dk lw[kk pkjk 
Øe”k% 4-12 rFkk 2-81 Vu çfr gs- çkIr gqvkA

·Ukhe dk tSfod lqèkkj dk;Z fd;k x;kA bl dsUæ ij 
uhe ds 220 tuu æO;ksa dks vkB jkT;ks ¼mŸkj çns”k] 
eè; çns”k] jktLFkku] egkjk"Vª] if”pe caxky] 
xqtjkr] vkUèkz çns”k rFkk rfeyukMw½ ls bdV~Bk fd;k 
x;kA lu~ 2000 esa LFkkfir vadqj.kh ijh{k.k esaa dk"B 
?kuRo o o`f) dkjdkas ds vkèkkj ij vadqj.k Hkqlkoy] 
ukfld] /kkjokM+ rFkk lsouh dks cgqr vPNk ik;k 
x;kA bl lHkh esa Hkqokly lokZfèkd cht mRiknd 
ik;k x;kA djuy ds vkèkkj ij buesa ls ,d ikSèkk 
,slk ik;k x;k ftlesa 50 çfr”kr rd rsy ik;k x;kA 
pSd dh rqyuk esaa yxkrkj ikap o"kks± rd vPNs 
mRiknu okys o`{kksaa dk irk pykA xqtjkr] egkjk"Vª 
,oa vkUèkz çns”k vkfn fofHkUu txgksa ij fd;s x;s 
ijh{k.k ls Kkr gksrk gS fd çkstsuh 115 yxHkXk 27-50 
çfr”kr ,tkjsDVhu ¼pSd dh rqyuk½ rFkk çkstsuh 118 
yxHkx 9 çfr”kr rsy dh ek=k esaa vPNh ik;h x;hA 
vkcknh ?kuRo rFkk okrkoj.k ds çHkko ds dkj.k 
gSnjkckn o jkgqjh esa yxs uhe o`{kksaa ls T;knk rsy çkIr 
fd;k x;kA

·vdsfl;k fuyksfVdk çtkfr ds larfr ijh{k.k esa Iyl 
Vªh ¼22 rFkk 11 çkststh½ rFkk çksosusal ¼20 çkstsuh½ dh 
LFkkiuk ,oa o`f) dkjdks dk vè;;u fd;k x;kA 22 
Iyl Vªh esaa o`f) dkjdksa tSls o`{k yEckbZ] xrZ dk 
O;kl] ruk O;kl rFkk —=d O;kl esaa vUrj lkFkZd 
ik;k x;kA vkSlru fo”kk[kh; ruk] xrZ O;kl] ruk 
O;kl rFkk —=d O;kl Øe”k% 166-04 lseh] 132-27 
feeh- 105-78 feeh rFkk 384-48 lseh vafdr fd;k 
x;kA fo”kk[kh; rus dk çkjfEHkd “kk[kkvksa dh rqyuk 
esaa udkjkRed lglacaèk ik;k x;kA ih-Vh-&2] ih-
Vh&1] ih-Vh-&12] ih-Vh-&14 rFkk ih-Vh-&16 IyVª Vªh 
çkstsuh lcls vPNh çkstsuh vafdr dh x;hA

·vdsfl;k fuyksfVdk ds lUrfr ijh{k.k esaa o`{k dh 
yEckbZ] xrZ O;kl] ruk O;kl rFkk —=d O;kl esaa 

ldkjkRed vUrj vafdr fd;k x;kA lkQ ruk] xrZ 
O;kl] ruk O;kl rFkk —=d O;kl dk vkSlr eku 
Øe”k% 133-52 lseh-] 117-67 feeh-] 98-01 feeh- rFkk 
4-66-17 lseh vafdr fd;k x;kA o`{kksaa dh yEckbZ] 
lkQ ruk] xrZ O;kl rFkk N=d O;kl ls lkFkZd ,oa 
ldkjkRed lg lEcUèk ik;k x;kA lHkh y{k.kksa ds 
vkèkkj ij “kktkiqj] eaMyk] o/kkZ] dksbEcVwj RkFkk 
[k.Mok ds çkscsusal lcls vPNs ik;s x;sA lHkh ikSèkksaa esaa 
Qy o Qwy dk mRiknu vafdr fd;k x;kA

·jrutksr ds fofHkUUk txgksa dh 27 çtkfr;ksaa esaa o`{k 
yEckbZ] xrZ O;kl] f}rh; “kk[kkvkas dh la[;k “kk[kk 
dh yEckbZ] {k=d O;kl] Qyksa dh yEckbZ o pkSM+kbZ 
vkSj Qy ds otu ls ldkjkRed fHkUurk ik;h x;hA 
,u vkj lh ts&3 lokZfèkd cht o Qy mRiknd ik;k 
x;kA 

·,d vU; Ikz;ksx esaa] 45 ladj ,oa 10 isjsUVks dk 
vk¡dyu djus ij ns[kk x;k fd lHkh vkil eas 
ldkjkRed fofHkUu gSaA lHkh ladjksa ds cht ,oa Qy 
mRiknu esa ?kukRed ldkjkRed lg lacaèk ik;k x;k 
tksfd Qy ,oa Qy vkdkj esaa ugha FkkA vkSlru cht 
mRiknu dh n`f"V ls ladj ,u-vkj-lh-ts- &15] ,u-
vkj-lh-ts-&44] ,u-vkj-lh-ts-&18] ,u-vkj-lh-ts-
&45 rFkk ,u-vkj-lh-ts-&25 vius iSr`d dh rqyuk esaa 
dkQh vPNs ik;s x;sA bu lHkh jrutksr ds ladjh ds  
ewY;kadu gsrq 4 × 4 ehVj ij jksfir dj muds lkFk 
xsgw¡ dh vUr%Qly ¼yksd&1½ dks —f"kokfudh i)fr 
esaa yxk;k x;kA jrutksr ladjks dk xsgw¡ dh c<+okj 
,oa mRiknu ij i<+uss okys çHkko dk pkj o’kZ vè;;u 
fd;k x;kA xsagw¡ dh c<+okj o mRiknu dh n`f"V ls 
lcls T;knk mit ladj&6] blds ckn ladj&15]16 
40 rFkk 4 esaa vafdr fd;k x;kA xsagw¡ dh [kkyh Qly 
dk mRiknu 2880 fdyks çfr gsDVs;j çkIr fd;k 
x;kA

·Ckcwy ds o`{kksaa dh 15 Qsfefy;ksa esaa ls ik¡poas o"kZ esa 11 
Qsfefy;ks dh c<+okj vPNh vafdr dhA bu o`{kksaa dh 
vkSlr yEckbZ 5-36 ehVj o eksVkbZ 6-09 lseh- ik;h 
x;hA o`{kksaa dh yECkkbZ] xrZ O;kl ,oa eksVkbZ ds vkil 
esaa ldkjkRed lg lacaèk pkj ls ik¡p o"kZ esaa ik;k x;kA 
ruk] “kk[kkvksa rFkk dqy dk"B tSoHkkj esaa ukWu yhfu;j 
lehdj.k lgh <ax ls LFkkfir gqvkA bl LFkkfir 
lehdj.k }kjk vU; ccwy ds o`{kksaa esaa Hkh mi;ksx dj 
tSo Hkkj dk vkadyu fd;k tk ldrk gSA

·csecqlk csydksvk] ch- oyxsfjl rFkk iksaxkfe;k 
fiUukVk dks lw{e çcZèku }kjk ,e-,l- ehfM;k esaa o`f) 
dkjdks dh en~n ls rS;kj fd;k x;kA ck¡l ,oa djat 
dh 2&3 lseh yEcs VqdM+s dks ftlesa d{kLFk dfydk 
ekStwn Fkh mudks ,DlIykaV ds :Ik esaa fy;k x;kA bl 
d{kLFk dfydkvkas dh tqykbZ vxLr ds eghus esaa 
bdV~Bk fd;k x;kA ,e-,l- ehfM;e eas lkbVksdkbu 
feykus ls vokZfèkd csecwlk Dyxsfjl ¼100 çfr”kr½ 
rFkk mlds ckn cs- csydksvk ¼9-6 çfr”kr½ u;h 
“kk[kkvksa dks vafdr fd;k x;kA u;s dYyks esaa c<+ksrjh 
yxkrkj pkj g¶rksa rd vafdr dh x;hA ,e-,l- 
ehfM;k $ 4-0 feyhxzke@yhVj ,u-,-,- rFkk ,e-,l- 
$ 5 feyh xzke@yhVj vkbZ-th-,- ls mipkfjr djus 
ls lcls vPNk ewyu ¼80&850 çfr”kr½ vafdr fd;k 
x;kA bl lHkh esaa T;knkrj 4&8 tM+s gh fudy ikrh 
gSA bl ,e-,l- ehfM;e esa yxHkx pkj g¶rs ckn gh 
ikSèkk lgh fodflr gksrk gSA ikSèkksaa dks etcwrh çnku 
djus ds fy;s çfØ;k fodflr djh x;hA etcwrh 
çnku djus ds ckn bu ikSèkksaa esaa LFkkiu 65 çfr”kr 
vafdr fd;k x;kA

·x<+dq.Mkj&Mkcj ty lesV ifj;kstuk ds vUrxZr 
lkekftd & vkfFkZdh ,oa jgu lgUk] ty lalkèku 
dk fodkl] csj esaa dfydk;u rFkk —f"km|kfudh 
—f"kokfudh i)fr;ksa esaa Qlyksaa dk çHkko eqn~nks ij 
dk;Z fd;k tk jgk gSA uhcw] ve:n] vkWoyk] ccwy] 
dVgy] Vhd] csy ,oa ck¡l ds 1321 ikSèkksaaa dks yxHkx 
N% xk¡oksa ds fdlkuksa esaa ck¡Vs x;sA pkj eghus ckn] 
lokZfèkd LFkkiu ccwy ¼100 çfr”kr½ mlds ckn 
dVgy ¼73-9 çfr”kr½ vafdr fd;k x;kA xk¡oksa esaa] 
lokZfèkd LFkkiu ¼98-8 çfr”kr½ jrkSuk esaa rFkk lcls 
de MkCkj ¼72-3 çfr”kr½ vafdr fd;k x;kA

·mipkfjr rFkk vuqipkfjr tykxekas ls ihd fMLpktZ 
3 &1 &1Øe”k% 0-221 rFkk 0-04296 eh  ls gs  ik;k x;kA 

mipkfjr tykxe eas vuqipkfjr tykxe dh rqyuk 
esaa yxHkx 94 çfr”kr ihd fMLpktZ de ik;k x;kA 
mipkfjr tykxe esa vuqipkfjr tykxe dh rqyuk 
esaa ihd 51 feuV dh nsjh ls vafdr fd;k x;kA

·ve:n] uhcw o vkWoyk vkèkkfjr —f"kokfudh i)fr 
dks bl o"kZ Hkh [kjhQ o jch ekSle esaa tkjh j[kk x;kA 
jch esaa xsgw¡ dh çtkrh ,p-Mh-&2932 dks mxk;k x;kA 
—f"kokfudh i)fr ds vUrxZRk rqyukRed vè;;u 
gsrq xsgw¡ dh blh çtkfr dks rhu ijh{k.kksa esa mxk;k 
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iv

x;kA tykxe {ks= esaa ikjEikfjd i)fr ls mxk;h 
x;h Qly ¼xsgw¡½ dks Ñf’kokfudh ds vUrxZr mxk;h 
x;h Qly ls rqyukRed vè;;u fd;k x;kA 
—f"kokfudh i)fr ds vUrxZr Qly dh c<+okj] 
mRiknu ikjEifjd i)fr dh rqyuk esaa vf/kd vafdr 
dh x;hA ve:) rFkk uhcw vkèkkfjr ijh{k.kksa esaa o`{kksaaa 
ds lkFk ,oa [kkyh Qlyksaa ds mRiknu esaa 2007 dh 
rqyuk esa bl o"kZ Hkh rqyukRed n`f"V ls T;knk deh 
ughaa ik;h x;h rFkk bu Qlyksaa ds mRiknu esaa Nk;k esaa 
T;knk varj Hkh ugha ik;k x;kA —f"kokfudh ijh{k.kksa 
esaa vUr%Qly ,oa [kkyh Qly esaa xsgw¡ dk mRiknu 
Øe”k% 3203 rFkk 3015 fdyks çfr gs0 vafdr fd;k 
x;k tksfd ikjEifjd i)fr dh rqyuk esaa Øe”k% 22 
rFkk 15 çfr”kr T;knk ¼2620 fdyks çfr gs-½ ik;k 
x;kA

·ve:n] uhcw o vkWoyk vkèkkfjr —f"kokfudh i)fr 
,oa ijEijkxr [ksrh ds vUrxZr [kjhQ esaa ew¡xQyh dk 
mRiknu nks ijh{k.k esaa yxkdj rqyukRed vè;;u 
fd;k x;kA ewaxQyh dh dkS”ky çtkfr dh Qfy;ksa 
dk mRiknu [kkyh Qly esaa yksdy çtkfr dh rqyuk 
esaa 40 çfr”kr T;knk ik;k x;k tcfd [kkn dk Hkh 
de mi;ksx fd;k x;k FkkA ve:n] uhcw rFkk vkWoyk 
rhu o"kZ iqjkus o`{kksaa ds lkFk ewaxQyh dk mRiknu 14-4 
dqUVy çfr gs- çkIr fd;k tcfd [kkyh Qly esaa 
mRiknu 15-8 dqUVy çfr gs- çkIr fd;k x;kA

·—f"kokfudh lwpukra= dh iwjh rjg ls fodflr 
csolkbV dsUæ }kjk LFkkfir djus ds mijkUr blesaa 
egqvk o`{k dh iwjh tkudkjh dks “kkfey dj fn;k x;k 
gSA bl le;] bl MsVkcsVk esa egqvk ds 366 Hkkjrh; 
mYys[kksa dks lek;ksftr fd;k x;k gSA

·—"kdksa }kjk csj esaa dfydk;u dk;ZØe dks viuk;s 
tkus rFkk csj dfydk;u dk;ZØe dk —"kdksa ds 
lkekftd & vkfFkZd Lrj ij çHkko dk vè;;u xr 
o"kZ fd;k x;kA csj esaa dfydk;u çf”k{k.k çn”kZu dk 
çHkko bruk T;knk Fkk fd cgqr ls —"kd jk"Vªh; 
—f"kokfudh vuqlaèkku dsUæ] >k¡lh esa vkdj csj esaa 
dfydk;u djus dh bPNk tkfgj dhA f”k{kk ds Lrj 
ds fglkc ls dsoy 32 çfr”kr —"kd vf”kf{kr ik;s 
x;s] tc fd 27-42 çfr”kr —"kd b.VjehfM,V] 14-

52 çfr”kr —"kd gkbZLdwy] 12-90 çfr”kr —"kd 
fefMy ,oa 12-90 çfr”kr —"kd çkFkfed d{kk mŸkh.kZ 
FksA —"kdksa ds ns”kh rduhdh Kku ij vkèkkfjr csj ds 
ids Qy ls csj fcjpqu ¼ikmMj½ rS;kj fd;k tkrk gS] 
ftldks fd xk¡o esa —"kd] efgyk,¡ ,oa cPps xfeZ;ksa ds 
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ANNEXURE-I

Dhani Ram Kushwaha alias Dhanua, a farmer of 
village Ubaro, Tehsil Niwari, Distt. Tikamgarh (MP) 
owns 4 acre cultivated land adjacent to forest area 
which is far away from his village. His holding is 
sloppy with typical red soil having poor nutrient 
status. This is only source of livelihood for Dhani 
Ram. Due to age old practices and continuous drought 
his income of Rs.14,000 per annum from land could 
barely meet his expenses. On hearing that an institute 
(NRC for Agro-forestry) has initiated a program in his 
village on water harvesting, crop demonstrations, and 
agroforestry Dhani Ram approached the institute and 
requested to look at his field. 

He opted for demonstration of agroforestry systems in his field and installation of two gabion structure in 
nallah passing through his field. In kharif 2006, for demonstration Sh. Dhani Ram was provided with 
groundnut seed var. Kaushal and balanced doze of fertilizer for one acre land. He harvested 6 q groundnut 
yield from demonstration plots which was 1.5 times higher than his traditional practice. In following rabi 
season, he sowed w heat in four acre area out of which one acre was put to demonstration of var. WH-147 
with recommended doze of fertilizers and package of practices. 

The Centre demonstrated guava and citrus based agroforestry system on his three acre crop land. Sixty eight 
guava plants (cv. Allahabad Safeda) and forty two citrus plants (Kagzi) were planted at spacing of 6x8 m. 
Expenditure on pitting, FYM application, weeding and watering were met by farmer himself. During kharif 
and rabi demonstrations for ground nut and wheat were arranged which included truthful level seed of 
groundnut var. Kaushal and wheat var.WH-147 and balanced doze of fertilizer in terms of N P & K for one 
acre each crop.

During the year 2007, check dam near Dhani Ram's 
field over flew twice in monsoon resulting in 2 m 
water recharge in well. His income doubled in the very 
first year from crops. Farmer was supplied with 
seedlings of Lasoda for plantation along roadside, 
Karonda as live fence along one side of field boundary 
and teak on boundary bordering forest. He was given 
aonla plants (cv Krishna) for planting in crop land on 
other side of nallah. He sowed sweet chilli in an area 
of 0.5 ha on the other side of nallah.  He contributed 
forty percent for field bunding across the slope.  Good 
rains, plenty of water in well, one year old improved 

SUCCESS STORIES  
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Agroforestry Brings back smile to Dhani Ram 



seed of wheat accompanied with across the slope field bunding resulted in bumper wheat yield to the tune of 
35 q/ha. After rabi harvest, he sowed brinjal, karela, chilli, bottle gourd, etc. in about 0.2 ha area for regular 
cash income during summer.  In 2009 due to good antecedent moisture condition, the check dam over flew 
and again he harvested bumper kharif and rabi crops. Guava plants flowered and yielded about 2.0 q fruits 
which added to his regular income. In a small patch of about 50 m2 he has transplanted napier grass for 
feeding to his bullocks. During rabi 2009 he had 21 crops/vegetables/spices/fruit trees in combination in the 
same field. The vegetables, fruits, crops, grasses are grown from the same land almost simultaneously.  He 
never leaves field without crop and maintains the fertility of soil by use of organic manure. His family is 
getting year round employment and earning regular income. For the last 2 years, he is earning around 40-50 
thousand per annum from his land. The smile brought back to Dhani Ram.
(Source: NAIP sub project on Mass Media Mobilization, DIPA base on inputs from Dr. S K Dhyani, Director, National Research 
Centre for Agroforestry, Jhansi).

A water conservation model for the drought prone 
Bundelkhand region has been successfully developed 
and tested in Garhkundar-Dabar area by the ICAR 
scientists at the National Research Centre for 
Agroforestry (NRCAF), Jhansi. The model has shown 
a promising way to fight drought in the region and so 
may help to bring in greenery and prosperity there. 

Bundelkhand region is spread over 7.16 million ha in 
the central India covering seven districts of Uttar 
Pradesh (Jhansi, Jalaun, Lalitpur, Hamirpur, Mahoba, 
Banda and Chitrakoot) and six districts of Madhya 
Pradesh (Sagar, Tikamgarh, Chhatarpur, Panna, 
Damoh and Datia). The region has semi-arid climate 
with an average annual rainfall of 750-1100 mm. Most of the soil in the region is rocky having low capacity 
for holding water and rest is prone to water logging. Hence, making is difficult for agricultural operations. 
The forest cover is also confined to only 21.4%, which at regions is even less than 11%. Garhkundar-Dabar 
area, some 55 km from Jhansi on the Jhansi-Khajuraho Road, represents the geological, physiographical 
and ecological conditions of the entire Bundelkhand region. For this reason, NRCAF selected Garhkundar-
Dabar area as a model for developing 

Implementation of the project in Garhkundar-Dabar area included the construction of nine checkdams, 150 
gabions, 15 drainage structures, three water spreaders and field bunding of 40 ha along the Nallah. With a 
construction cost of Rs.19.74 lakhs only, the project has resulted in a water storage capacity of 24103 m3 
spread in an area of 40302 m2. This has resulted in a reduction of soil loss and runoff by 34% in treated areas 
as compared to 43% reduction in untreated/control area. More than 53.3% wells in the region have recorded 
an increase of water level by more than two metres. Water replenishment through watershed project has 
reduced the number of dry wells to 2% in 2009 as compared to 86% in 2006. Now sufficient water is 
available in the region for drinking and irrigation purposes. Earlier surface water in Nallahs was available 
for four months only, which is now available for the entire year.

ICAR Web site- June, 2010, New Delhi (Source: NAIP - Mass Media Project, DIPA)

Garhkundar-Dabar Watershed project:A successful model for water conservation in Bundelkhand 
region

Cropping intensity in the watershed area has 
increased to 116% as compared to 96% in untreated 
area. Productivity of wheat and groundnut increased 
from 2424 to 2845 Kg per ha and from 1180 to 1320 
Kg per ha respectively in the treated area. Now 
farmers in the watershed area are increasingly using 
improved seeds for cultivation and their number has 
gone up to 67%. With the increased availability of 
water and with the proper use of agro-techniques, seed 
rate of wheat has gone down from traditional rate of 
240 Kg per ha to 125 kg per ha. This reduced seed rate 
led to a net saving of 101 quintal seeds of wheat from 
175 ha cropped area.

The Garhkundar-Dabar area watershed project covering an area of 850 ha has benefited 191 households 
having a total human population of 891. Five farmers adopted aonla, guava and citrus based agroforestry 
system in four hectare area. One farmer planted live fencing of karonda along 100m of the field boundary. 
About 6000 forest tree saplings were planted along the Nallah, teak plantation was done on 0.23 ha of 
private land and about 250 ber plants were topworked. The project committee has also encouraged the 
formation of self help groups for personal loaning and capacity building. Two women self help groups have 
gathered assets of Rs. 35,000 and Rs 25,000 respectively and have successfully gained self-reliance in terms 
of small credit requirements. The project construction work also created about 7000 mandays employment 
during the year 2006-07 and 7500 additional mandays during the next year 2007-08 for various other 
interventions and activities. It is further expected that an employment of 29000 mandays per annum will be 
generated from enhanced agricultural activities. 

Human resource development activities were also carried in the watershed where farmers were trained for 
various agro-techniques through awareness and visit programmes. In addition, livelihood support activities 
like lac cultivation, gum and resin tree cultivation, fish farming in checkdams and goat rearing were also 
introduced. This way, NRCAF scientists have successfully changed the scenario of life, agriculture and 
livelihood and so bringing happiness and greenery in the drought prone Garhkundar-Dabar area. The 
success of this project opens doors for its replication in the entire Bundelkhand region. According to Dr. S. 
K. Dhyani, Director of NRCAF, there was plenty of water available in the checkdams and wells in the region 
despite of the insufficient rainfall this year. He says that such a success was not possible without the 
participation and cooperation of the farmers.

According to NRCAF, Garhkundar-Dabar Watershed as a model is replicable to 56% red soils of 
Bundelkhand region, Vindhyanchal range, Satpura and Arawali ranges. Successful adoption and replication 
of these water conservation techniques and agrofestry can help overcome the problems of soil erosion and 
water crisis for drinking as well as for irrigation in the entire region of Bundelkhand. 
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A.  Variety Releasing Committee 

�VRC- members [NRCAF, IGFRI, TFRI, Jabalpur and IWST, 
Bangalore] formed to consider and process the proposals of 
Release and Notification of Varieties of perennial woody plants/ 
MPTS/AF species. 

�Road map prepared for variety releasing. 

�Once a variety or a clone is released for large scale planting, 
systematic notification and extension will be carried out. 

�The Intellectual Rights of the proposed/released variety will be 
safeguarded through its registration with the PPV&FRA.

�Test case: Shisham 

�Shisham – 16 years work, Shisham Bundel 2 and Shisham 
Bundel 6 with straightness and higher bole volume released 
initially for semi-arid Bundelkhand region of Central India.

�Followed by Neem, Leucaena, Karanj, Jatropha 

New Initiatives

PT-2 germplasm of Shisham with 
straight bole

NRCAF,Jhansi in DARE Report (2009-10) ANNEXURE-II
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1 Prof. R M Singh, 8 Dr. J C Dagar,
Professor Emeritus & Chairman (RAC), ADG (Agron./AF),
Deptt. of Genetics  and Plant Breeding NRM  Division,  
Institute of  Agril. Sciences, BHU, Pusa, KAB -II
60 A, Saket Nagar Colony, Lanka, New Delhi 
Varanasi (U.P.) 

2 Dr. R P Grewal, 9 Shri Zafar Akhtar,
Ex Sr. Forage Sorghum Breeder  & 144,  BC Lines, 
Prof. Plant Breeding, HAU, Meerut Gantt. 
10B, 4, New  Campus, Meerut (U.P.)
Hissar (Haryana)
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Technical Sh. Ram Bahadur, Dr. R K Tewari,  
T-4 Sr. Technical Assistant  -  Member Pr. Scientist -  Member

Sh. Kashi Ram, Sh. B Singh, 
T-2(Driver) - Member F.M. - Member

Supporting Sh. Attar Singh, Smt. Uma,
S.S. Gr. IV -  Member  T-6 (Tech. Officer) - Member  

Sh. Ram Singh, Shri R K Singh, 
S.S. Gr. I - Member T-5 (Tech. Officer)  -  Member  
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