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Abstract 
Soil health mapping in Sic Dombjl fata Trust-supported initiative across 16 districts of Madbya Pradesh and 
Rajasthan. India showed widespread deficiencies or sulfur. boron. zinc and phosphorus. Soil test-based balanced 
nutrient management recorded yield benefit of 10-40%. while the integrated nutrient approach recorded still 
higher yield up to 20-50% along with 2S-5<.r% saving In chemical fertilizers through promotion of on-farm 
vermIcompostlng. Muimum yield advantage (90-200'l1.) was realized with Improved varieties and nutrient 
management. other advantages Included food/fodder nutrition. rairm'llter use efficiency. more food per kg or 
nitrogen or phosphorus. and residual benefits of micro/secondary nutrients and vennicompost. Promoting land
form management enabled farmers to cultivate rainy season fallows and harvest 1270-1700 kg/ha soybean. 
I n-si/!l and elC-silu rainwater management Interventions Improved surface and groundwater availability and 
Icrtgated area with marked reduction In crop failures In the catchment areas. Women malnstrewnlng was tar
geted through livelihood options like nutci-kitchen gardens. fodder promotion !'or livestock. seed banks. compost
Ing and dal-processlng. The initiative built capacities of about 30.000 farmers through direct Interventions and 
of around 4-5 times more farmers through Information dissemination. 

8_1 Project Background 

8.1.1 Why the project? 

The actual yields from rainfed agriculture 
have remained quite low as compared to yields 
achievable because of the fact that rainfed re
gions have been bypassed since green revolution 
era (Wani et al .. 2016). Studies focused in Rajas
than, Madhya Pradesh and other semi-arid re
gions of India show that there are large yield 
gaps of 850 to 1320 kg/ha in soybean. 1180 to 
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2010 kg/ha in groundnut. 6 10 to 1150 kg/ha 
in chickpea, 680 to 1040 kg/ha in pearl millet. 
460 kg/ha in mustard and 70 kg/ha in wheat 
(Bhatia etaI., 2006: MurtyetaI., 2007:Aggarw
al et al .. 2(08). A long-term expertment (since 
1976) at International Crops Research Institute 
for the Semi-Arid Tropics (ICRlSAT), based at 
Patancheru, India has demonstrated a virtuous 
cycle of persistent yield increases up to 5 times 
through improved land. water and nutrient 
management in minfed agriculture (Wani et al .. 
2003, 2011a. 2015a) . 
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In this context. Sir Dorabji Tata Trust (SDTI') 
supported fCRISAT to undertake farmer partici
patory action research for improving rural live
Iihoods and minimizing land degradation in 
dryland areas of assured rainfall ecoregion of 
Madhya Pradesh and Rajasthan. The specific ob
jectives were as follows. 

(I) To enhance productivity and reduce land 
degradation in target districts. 
(U) To use these si tes as centres of learning for 
scaling-out the benefits. 
(iD) Capacity building of lead farmers, develop
ment workers and consortium partners in the 
target region. 

The initiative of the Tata-fCRISAT-fCAR (Indian 
Council of Agricultural Research) project during 
2000 to 2013 demonstrated the power of science
led development model for improving agricul
tural productivity and income of the rural poor 
in India (see Chapter 2 in this volume). The ini
tiative of the Tata-ICRlSAT-lCAR project during 
2000-2007 showed the proof of concept and 
piloted the power of science-led development 
model for improving agricultural productivity 
and income of the rural poor in three districts. 
namely Bundi in Rajasthan. and Guna and Vidis
ha in Madhya Pradesh. During the second phase. 
in addition to scaling-up in three districts. the 
programme was extended to nine districts in 
Madhya Pradesh and seven districts in Rajasthan 
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for developing the sites of learning and capacity 
building of stakeholders. 

8.1.2 Pilot site details in Rajasthan 
and Madhya Pradesh 

The target ecoregions for this project were the 
dryland areas of Madhya Pradesh and eastern 
Rajasthan with assured rainfall. with medium 
water-holding-capacity soils. Specifically, the 
seven target districts in Rajasthan were Alwar 
(Rajgarh block), Banswara (Kushalgarh block). 
Bhilwara Oahajpur block). Bundi (Hindoli block), 
Jhalawar Ohalarpatal block). Sawai Madhopur 
(Khandar block) and Tonk (Deoli and Newai 
blocks). The nine districts in Madhya Pradesh 
were Barwani (Barwani block). Guna (Madusu
dangarh block). lndore (Samer block). Raisen 
(Silwani). Rajgarh (Rajagarh block), Sagar OC 
Nagar block). Sehore (Sehore block). Shajapur 
(Agar block) and Vidisha (Vidisha. Laterl blocks) 
(Fig. 8.1). 

Agriculture is the predominant occupation 
of its inhabitants and the dismal state of affairs 
in agriculture is mainly responsible for poor 
farm-based livelihoods. Depletion of the resource 
base diminishes the capabilities of poor farmers 
to earn more and making them vulnerable to 
drought and other climate-related disasters. 
As there is evidence that every 1% increase in 
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Fig. 8.1. Study sites in Rajaslhan and Madhya Pradesh slates of India. 
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agricultural yields translates to a 0 .6% to 1.2% 
decrease in the percentage of absolute poor 
(Thirtle et al .. 2002). addressing the issue of 
agricultural development in these neglected re
gions is much more important today than ever 
before as agriculture in such regions has a key 
role to play in economic development and pov
erty reduction (Irz and Roe. 2000). 

The rainfall in Madhya Pradesh varies from 
770 to 1690 mm per year and soils are predom
inantly black soils (Vertisols and Vertic Incepti
sols) and loamy soils (Alfisols) varying in soil 
depth. Major crops grown in the region are soy
bean, sorghum. maize. rice, pigeonpea. wheat and 
chickpea. The length of growing period (LGP) 
varies from 90 to 180 days and in some cases 
extends up to 210 days. This ecoregion has the 
potential to grow two crops (200% cropping 
intensity) with supplemental irrigation during 
the post-rainy season. However, irrespective of 
this. only 12(}-130% cropping intensity is ob
served in Madhya Pradesh. The groundwater 
table is depleting every year and at the same time 
causing severe land degradation. In Madhya 
Pradesh, due to perceived fear of waterlogging 
and risk of reduced yields of post-rainy season 
crops. farmers leave 2 million ha land fallow 
during the rainy season. In eastern Rajasthan. 
the soils are mostly red and black with the rain
fall varying from 660 to 1025 mm per annum. 
The LGP in eastern Rajasthan varies from 90 to 
150 days and the main crops grown are pearl 
millet. sorghum. maize. wheat, chickpea, mus
tard and sesame. 

8.1.3 Cropping systems and production 
scenario In Rajasthan 

In the cropping pattern of Rajasthan. pearl mil
let, maize, soybean and groundnut are import
ant rainy season crops. In terms of pearl millet 
area (6.98 million ha) and production (8.06 
million t) in India during 2015-16, Rajasthan 
stands on the top among all states by covering 
about 57,9% of total acreage and 43.8% of pro
duction at national level (Government of India. 
2016). ln spite of the highest acreage (4.04 mil
lion ha) and production (3 .53 million t) of pearl 
millet in Rajasthan. Iow productivity is an issue 
of concern. Maize is grown In 0 .88 million ha 

with a production of 1.21 million t and contrib
utes 10.1% in acreage and 5.55% in production 
to all India level. with lowest productivity com
pared to national level. For the country as such. 
soybean and groundnut together contribute 
about 60% of total oilseed production (Govern
ment of India, 2016). Rajasthan contributes 
10,3% (1 .20 million ha) in acreage and 11.6% 
(1 million t) in production of soybean at coun
try level: and 11.4% (0.52 million ha) in acre
age and 15.6% (1.06 million t) in production of 
groundnut in the country. Being the cheapest 
source of high quality protein (40%), soybean 
has potential to play an important role in miti
gating the large-scale problem of protein mal
nutrition. particularly in children and women 
in the rural areas of the state. Its oil content 
(18%) is second only to groundnut among food 
legumes. Similarly. groundnut seeds contain 
high quality edible oil (50%). easily digestible 
protein (25%) and carbohydrates (20%). More
over, both soybean and groundnut are legume 
crops which help in improving soil health, and 
hence have an important role in fitting in the 
cropping system mainly during the rainy season 
and sustaining soil fertility in the drylands of 
Rajasthan. 

Among post-rainy season crops, wheat. 
rapeseed/mustard and chickpea are the most 
important crops of Rajasthan covering 3.11, 
2.55 and 0.94 million ha respectively (Govern
ment of India, 2016). Mustard/rapeseed in 
India (5.76 million ha, 6.82 million t) is grown 
mainly in northern and eastern India. Only 
one-third of the total mustard area in India is 
rainfed. Rajasthan ranks highest covering about 
44,3% area and 47.9% production at national 
level. which indicates the importance of the 
crop in the state. The leguminous crop chickpea 
has been a preferred crop in low-input trad
itional production systems because of its min
imaldependence on monetary inputs of nitrogen 
(N) and phosphorus (P) fertilizers. ir rigation 
and agrochemicals in general. It is a valuable 
source of protein for the poor population and a 
source of livelihood for the small and marginal 
farmers in India and other developing coun
tries. Also, chickpea Is a suitable legume crop 
for the cropping system during the post-rainy 
season and thus contributes to soil health im
provement and sustains soil fertility, particularly 
in drylands. 
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8.1.4 Cropping systems and production 
scenario In Madhya Pradesh 

In the cropping pattern of Madbya Pradesh. 
soybean. groundnut and mustard are the major 
ollseed crops (Wanl el al., 2016). Madhya Pra
desh contributes the largest acreage (56%) and 
production (5 1%) of soybean at national level 
(Wanl el al., 2016). Low soybean productivity in 
the sla te in comparison to naUonallevel in spite 
of suitable agrocUmatic conditions Is a matter of 
concern. Groundnut is another Important oil
seed crop In [ndla (5.31 million ha area, 6.93 
million tons production) and Madhya Pradesh 
contributes Significantly, uboul 4% of national 
acreage and about 5% of national production 
(Wanl et ,d., 20 16). Among pulse crops. chick
pea Is one of the most Important crops of India 
contributing about 44% of total pulse produc
tion, and Madhya Pradesh sta te contributes 
the highest (37%) to national chickpea acreage 
and 4 3% to national chickpea production (Wani 
et al .. 2016). 

Among cereals, wheat. maize, rice and DU

tri (coarse) cereals fit In the cropping system in 
Madhya Pradesh , and their lower productivity 
mainly due to poor management is an Issue or 
concern. Wheat is cultivated during the post
rainy season and Madhya Pradesh ranks after 
Uttar Pradesh In acreage and UUar Pradesh. 
Punjab and Haryana In product ion: and con
tributes to about 16% of national acreage and 
11% of national production (Wan! et al .. 2016). 
Wheat yields in different states vary tremen
dously due to different technologies adopted by 
the farmers and the agrocllmatic characteristics 
or the region. Maize and rice are other import
ant cereal crops grown widely In the state during 
the ra iny season. 

8.2 Institutional Arrangements 
and Modallties of Scallng·up 

This project adopted collective working with 
lead non-governmental organizations (NGOs) in 
the region to reach out to the large number or 
rarmers. The NGOs, ICRlSAT entered into part
nership In Madhya Pradesh Included. BAIF De
velopment Research Foundation, BYPASS and 
CARD, Similarly, in Rajasthan, ICRlSAT entered 

into partnership wi th M IF Development Re· 
search Foundation and DEEP Development 
Research Foundation Institu te. In Rajasthan 
and Madbya Pradesh enhancing water-use e ffi 
ciency of rainy season and post-rainy season 
crop trials ror the project supported by Ministry 
or Water Resources, Government of India were 
a lso converged with the on-going prograuune In 
the selected districts. 

Other collaborative partners included uni
versities like Maharana Pra l'ap University of 
Agriculture and Technology, Udalpur: Rajas
than Agricultural University, Blkaner: Jawahar
lal Nehru Krishl Vlshwa Vldyalaya, Jabalpur: 
and Rajmata Vljayaraje Sclndla Krlshl Vlshwa 
Vldyalaya, Gwallor. National research Institutes 
as partners Included Indian institu te of Soil Sci
ence, Bhopal: National Research Centre for Soy
bean. Indore: Central institute of Agricultural 
Engineering, Bhopal: Centrdl Arid Zone Research 
Institute, Jodbpur: Central Research Institute for 
Dryland Agriculture, Hyderabad; and National 
Research Centre for Agroforestry, Jhansl. Jain 
Ir rigation Ud was among the key private-sector 
partners. 

A state level coordination committee of 
partners led by ICRISAT moni tored Implementa
tion or the initiative. Annual reviews and plan 
ning meetings of a ll partners were put In place 
to review the previous year's progress and make 
plans for the Incoming year based on the learn
ings and opportunJUes available. During the 
year. progress was monitored through half
yearly and annual reports, Responsible ICRlSAT 
scientists from headquarters and on-ground 
staff coordinated among the partners on a day
to-day basis, and for orientation/capacity build
ing and progress updates on monthly basis. 

8.3 Major Interventions 

8.3.1 Mapping soil fertility degradation 
and management 

Soil health mapping 

To diagnose soli ferti li ty-related constraints, soil 
samples "''ere collected from farmers ' fields in 
Madhya Pradesh and RaJasthan by adopting 
participatory stratified soil sampling method 
(see Chapter 3 In this volume) and a nalysed foc 
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diagnosing soil fertility-related constraints in a 
state-of-the-art laboratory in ICRlSAT head
quarter at Patancheru. 

A soil health assessment of crop fields 
across districts in Madhya Pradesh showed 
47- 100% fields having adequate levels of soil 
organic carbon (C) (Table 8.1: Wani etaI., 2016). 
Except for the Sehore district. most (> 50%) fields 
in general were sufficient in soil organic C and 
available N also. Similarly. most fields (55-75%) 
in lndore and Shajapur had adequate P levels: 
while the rest of the districts of Barwani, Guna 
Raisen, Rajgarh. Sagar. Sehore and Vidisha had 
only 8-40% fields sufficient in available P. indi
cating thus. deficiency in most of the fields. Avail
able potassium (K) was sufficient in 95- 100% 
fields and so not really a limiting nutrient to 
productivity enhancement. Across the districts. 
relatively few fields in general had adequate 
levels of sulfur (S) and micronutrients boron (8) 
and zinc (Zn), or. in other words. defiCiency in 
most fields. which farmers are not aware of and 
that is not part of their fertilizer management 
practices. and so apparently holding back the 
realization of higher yields. Specifically. S was in 
adequate amounts in most fields in Indore (91% 
fields) and Shajapur (75% fields). but in the rest 

of the districts only 4-47% fields had adequate 
S. Similarly, B was in adequate amounts in most 
fields in Indore (83% fields), while rest of the dis
tricts had only 5-50% fields with adequate B 
levels. MicronutrientZn wasin adequate amounts 
in most fields (60-78%) in Indore. Rajgarh. 
Sagar and Shajapur: while few fields (3-48%) 
had adequate Zn in Barwani. Guna. Raisen. 
Sehore and Vidisha. 

In contrast to Madhya Pradesh. Rajasthan 
soils were relatively poor in soil organic C, par
ticularly in A1war. Sawai Madhopur and Tonk 
districts, where only few fields (16-33%) were 
adequate in soil organic C, and thus indicating 
deficiency in most fields and also low levels of 
available N (Table 8.1). The other districts of 
Banswara, Bhilwara. Bundi and Jhalawar had 
most fields (5 7-93%) with sufficient levels of soil 
C. Soils were cri tical in available P in Bundi. 
Sawai Madhopur and Tonk where only 27 to 
47% fields tested with adequate amounts of P. 
Most fields (50- 90%) in Alwar. Banswara. 
Bhilwara and Jhalawar were however. having 
adequate levels of P. Similar to Madhya Pradesh. 
the soil fertility-related degradation due to S. B 
and Zn was widespread in the districts in Ra
jasthan. Leaving aside Bhilwara district. only 

Table 8.1. SOW health status of farmers' fields indicating suffICiency/adequacy of essential nutrients in 
Madhya Pradesh and Rajasthan states of India. From: Chander et al. (2013a,b); Wani et al. (2016). 

% of fields with adequate available 
nutrients 

No. of % of fields with 
District farmers adequate C P K S B Zn 

Madhya Pradesh 
Barwani 20 55 30 100 45 20 25 
Guna 38 79 21 100 13 50 5 
Inoore 23 91 61 100 91 83 78 
Raisen 20 70 10 100 10 10 10 
Rajgarh 30 87 40 100 47 '" 73 
Saga, 32 91 22 100 37 9 66 
Sa""'" 19 47 16 95 26 5 5 
Shajap!Jr 20 90 75 100 75 20 60 
Vidisha 72 68 8 100 4 7 3 

Rajasthan 
AIw., 30 33 90 100 37 13 17 
Banswara 30 57 50 83 30 0 20 
Bhilwara 30 83 60 83 57 53 63 
Bundi 36 61 47 50 28 28 33 
Jhalawar 30 93 70 100 13 23 '" Sawai Madhopur 4. 16 '" 93 14 48 59 
Tonk 78 28 45 68 21 36 6 
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13-37% fields tested adequate in S, and 0-48% 
fields in B. Similarly with exception of Bhilwara 
and Sawai Madhopur. only 6-40% fields tested 
adequate in available Zo. In Bhilwara district. 
however. majority fields tested with adequ ate 
levels of S (57% fields), B (53% fields) and Zn 
(63% fields): while in Sawai Madhopur most 
fields (59%) tested had adequate levels of Zn. 

In other parts of semi-arid tropics (SAT) 
also. soil fertility-related degradation (Sahrawat 
et al .. 2010: Wani et al .. 2011h: Chander et al .. 
2012: Wani et al .. 201Sa.h. 2016). In addition 
to water scarcity. has been identified as the main 
cause for low crop yields and inefficien t utiliza
tion of production resources. This corrective 
fertilizer management strategy to address soil 
fertility-rela ted degradation apparently is the 
building stone to realize achievable yields. Lack 
of awareness about soil health status leads 
farmers Into fertilizer use which rarely matches 
soil needs and hence an uneconomic and ineffi
cient practice from a sustainability point of view 
as well. 

Soil health management for enhanced 
crop and water productivity 

Based on soil analysis results and variable soil 
fertility across the region. fertilizer recommenda
tions were developed and promoted in the target 
regions. In this initiative. soil test-based fertilizer 
recommendations were designed at block level 

by considering practica l aspects such as available 
infrastructure. human power and economics in 
research for impact for smallholders in the In
dian SAT. The deficient secondary and micronu
trient inputs were arranged on 50% incentives 
for the participatory trials/demonstrations with 
the farmers. which were applied by following ei
ther of two options. i.e. full dose once in two 
years or half dose every year. For soil C building. 
recycling of on-farm wastes through compost
ing was promoted and a lso to bring in 25-50% 
saving in chemical fertilizers by the farmers. 
Around 10()(}-1500 trials/demonstrat ions were 
conducted in target regions during the project 
period during each of the rainy and post-rainy 
seasons and random crop cuttings were done 
along with data collection from farmers to 
evaluate the benefits. 

The first phase during 2002-7 showed 
proof-of-concept and pilot testing of benefits of 
soil test-based. balanced nutrition (BN) in crops, 
while during the second phase (2008-12). it 
was scaled-up to develop sites of learning in ad
joining districts. In Madhya Pradesh. soybean 
productivity significantly increased with BN over 
farmers' practice (12-25%) (Table 8.2: Chander 
et al .• 2013a). However. the substitution of 50% 
of chemical fertilizers with vermicompost as in
tegrated nutrient management (INM) further 
increased yields over BN with nutrients applied 
solely through chemical fertilizers. Soybean prod
uctivity increased by 1 7% to 50%, as compared 

Table 8.2. Effect of nutrient management on soybean grain yield, benefit-cost ratio and rainwater use 
effiCiency under rainfed conditions in Madhya Pradesh during 2010 and 2011." From: Chander et al. 
(2013a). 

Rainwater use 
Benefit-olst efficiency 

Grain yield (kg/ha) ratio (k,>,nu,,"") 

District FP BN INM LSD (5%) BN INM FP BN INM 

2010 
G""" 1270 1440 1580 34 1.31 4.58 1.76 199 2. 19 
Raisen 1360 1600 1600 115 185 3.55 1.76 2.07 2.07 
Shajapur 1900 2120 2410 69 2.99 10.2 3.45 3.85 4.38 
Vidisha 1130 1410 1700 640 2.16 B.43 148 184 2.22 

2011 

G""" 1370 1580 1600 169 1.47 3.4 0.83 0.95 0.97 
Shajapur 1220 1400 1510 44 2.45 5.B 1.12 128 138 
Vidisha 1190 1380 1480 91 1.47 3.99 O.BB 102 108 

"Note: FP .. Farmers' practice (application 01 N, P and K only); BN .. Balanced nutrition (FP il'4luts plus S + B + Zn); and 
INM .. Integrated nutrient management (50% BN Inputs + vel1TVcomposl). 
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with fanners' standard practice. A cost-benefit 
analysis showed BN as an economically remu
nerative option and lNM as a still better option. 
Rain\\'ater use efficiency (RWUE) which indi
cates quantity (kg) of food produced per unit 
(mm) of rainfall per unit area (ha) also enhanced 
under improved management. The INM practice 
recorded 0.97 to 4.38 kg/mm/ha followed by BN 
at 0.95 to 3.85 kg/mm/ha as compared with 
farmers' practice with lowest RWUE of 0.83 to 
3.45 kg/mm/ha. Similar benefits were recorded 
with other crops in the region. Water is a scarce 
resource and chief determinant of poverty and 
hunger in rural dryland areas. So improving 
RWUE is important for achieving food security 
and better livelihoods. Lack of good rainwater 
and other management practices in the target 
region is one of the factors for low RWUE. Soil 
fertility degradation is also one of the major 

limitations to effectively use available rainwater 
and other resources in crop production leading 
to low rainwater and other resource use effi
ciency. The results from the present on-farm 
study thus proved very clearly that soil fertility 
management. with a purpose to increase pro
portion of water balance as productive transpir
ation. is one of the most important rainwater 
management strategies to improve yields and 
water productivity (Rockstrom et aI., 2010). 

Similarly. in Rajasthan, BN showed sig
nificant yield advantage of 15-40% in maize. 
10-20% in pearl millet. 14-17% in groundnut 
and 6-22 % in soybean (Table 8.3 ; Chander 
et al., 2013a). The INM option either main
tained the yields at par with balanced nutrition 
solely through chemical fertilizers or increased 
over it. An economic analysis showed the bene
fit-cost ratio of BN in the range of 1.59-4.28 for 

Table 8.3. Effect 01 nutrient management 041 crop yield, benefit-cost ratio and rainwater use efficiency 
under rainfed conditions in Rajasthan.· From: Chander et al. (20138). 

Rainwater use efficiency 
Grain yield (kglha) Beoefit-cost ratio 1"""'"""'1 LSD 

District FP BN INM (5%) BN INM FP BN INM 

2010 
Maize 

Banswara 2850 3390 3620 780 2.45 5.8 4.85 5.n 6.16 
Sawai Madhopur 1560 2180 2530 268 4.28 8.24 2.31 3.23 3.75 
Tonk 2840 3350 3560 280 2.32 5.08 4.21 4.96 5.27 

Pearl millet 
Sawai Madhopur 1410 1590 1700 234 1.12 2.42 2.09 2.36 2.52 
Tonk 2210 2580 2800 325 1.43 3.66 3.27 3.79 4.15 

Groundnut 
Tonk 820 '80 1060 107 1.78 5.84 1.21 1.42 1.57 

Soybean 
Jhalawar 1700 1810 2020 82 0.85 3.96 3.04 3.23 3.61 

2011 
Maize 

Banswara 2410 3290 3140 1456 4 5.5 2.44 3.33 3.18 
Sawai Madhopur 2330 2700 3000 324 2.55 5.69 3.12 3.61 4.02 
Tonk 2410 2780 3060 378 1.59 4.59 3.07 3.51 3.69 

Pearl millet 
Sawai Madhopur 1340 1470 1610 73 0.81 2.26 1.79 1.97 2.16 
Tonk 1720 2060 22BO 365 1.39 3.47 2.19 2.62 2.' 

Groundnut 
Tonk 1340 1530 1660 142 2.42 n, 1.1 1.95 2.11 

Soybean 
Jhalawar 1940 2370 2620 307 3.32 8.42 1.85 2.26 2.5 

"Note: FP .. Farmers' practice (application of N, P and K only); BN .. BaIancecI nutrition (FP Inputs plua S + B + Zn); and 
INM " Integrated rutrlent management (50% BN Inputs + Yefm~). 
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maize. 0.81-1.43 for pearl millet. 1.78-2.42 for 
groundnut and 0.85-3.32 for soybean. while 
the benefit~cost ratio of INM option was far bet
ter than BN. viz. 4.59-8.24 for maize. 2.26-
3.66 for pearl millet. 5.84-7.79 for groundnut 
and 3.96-8.42 for soybean. The INM practice 
also resulted in the most efficient use of scarce 
water resources by crops like maize. pearl mil
let. groundnut and soybean with RWUE of 
1.57-6.16 kg/mm/ha. Balanced nutrition solely 
through chemical fertilizers was the next best 
option from RWUE point of view at 1.42-5.77 
kg/mm/ha. while farmers' practice showed the 
lowest RWUEof 1.21-4.85 kg/mm/ha. 

In participatory trials, soil test-based num
ent management showed resilience building of 
production system as evident from residual 
benefits of secondary and micronutrients. As 
an example. in Madhya Pradesh districts. the 
plots with applied S, B. Zn and vermicompost as 
BN and LNM during the rainy season of 2010 
showed significant residual benefits during the 
succeeding post-rainy season 201(}-1 1 and rainy 
season 2011: the benefits were. however, more 
under INM, During post-rainy season 2Q1(}-11. 
wheat yields were higher by 12-26% and chick
pea by 14-39% in the plots with INM (Chander 
et al,. 2013a), Similarly, in the rainy season 
2011. soyhean yields were higher by 9-33% 
under INM-treated plots. In target districts in Ra
jasthan, the residual benefits of rainy season 
2010, applied S. B, Zn and vermicompost as BN 
and INM were studied in succeeding post-rainy 
season wheat and chickpea. As such. yield in
crease of 7-97% was recorded in LNM-applied 
plots and 11-54% under BN-applied plots (Chan
der et al., 2013a). The results clearly showed that 
the adoption of improved management of INM 
and BN options not only are economically remu
nerative during the season of application butalso 

lead to production system resilience building re
sulting in benefits in the succeeding seasons. 

In this initiative. linkages with soil health 
and plant quality and soil health management 
served as an effective strategy to address micro
nutrient malnutrition through agronomic forti
fication of crops. Balanced nutrition and INM 
interventions in general tended to increase soy
bean grain nutrient contents over farmers' prac
tice: the differences however, were insignificant 
except for Sand Zn contents under the INM op
tion (Chander et al .. 2013a). 

8.3.2 Integrated raInwater management 

Integrated rainwater management is one of 
the critical components for increasing and sus
taining productivity in the project areas of Ra
jasthan and Madhya Pradesh. Currently only 
4(}-60% of the rainfall is effectively used for crop 
production. Therefore. large numbers of in-situ 
(broad-bed and furrow (BBP), conservation fur
row and contour cultivation) and ex-situ soil and 
water management interventions were imple
mented and evaluated in several districts of 
Madhya Pradesh (Raisen, Sagar, Vidisha. Bho
pal, Indore and Guna) and Rajasthan (Bundi, 
AJwar and Sawai Madhopur). On-farm trials on 
in-situ water management of Vertisols of Central 
India revealed that BBP system resulted in a 35% 
yield increase in soybean during rainy season 
and yield advantage of 21% in chickpea during 
post-rainy season when compared with farmers' 
practice. Similar yield advantages were recorded 
in maize and wheat rotation under BBP system 
(Table 8.4). Yield advantage in rainfall use effi
ciency was also reflected in cropping systems 
involving soyhean-chickpea, maize-chickpea 
and soybean/maize-chickpea under improved 

Table 8.4. Effect of land configuration on productivity 01 soybean and maize-based system in the 
watersheds of Madhya Pradesh, 2001-2005. 

Watershed location 

Vldisha and Guna 

Shop", 

Crop 

Soybeao 
Chickpea 
Maize 
Wheat 

"BBF" Broad-bed and iootIw. 

Grain yield (1Iha) 

Farmers' practice BBF system" Increase in yield (%) 

1.21 1.72 35 
0.80 1.01 21 
2.81 3.65 30 
3.30 3.25 1. 
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land management systems. The rainfall use effi
ciency ranged from 10.9 to 11.6 kg/ha/mm 
under BBP system across various cropping sys
tems compared with 8.2 to 8.9 kg/ha/mm with 
flat-on-grade system of cultivation on Vertisols 
(Table 8.5), Based on these findings about 675 
improved farm implements and 32 training pro
grammes at different locations were provided to 
farmers for scaling-up in-situ water manage
ment interventions on large areas of Madhya 
Pradesh. 

Several ex-situ water management inter
ventions (check-dams. percolation tanks. gully 
plugs. farm ponds. gabion structures, earthen 
check-dam, bore well and open well recharge 
pits. etc.) were Implemented and evaluated in 
different watersheds of Madhya Pradesh and Ra
jasthan. These interventions have significantly 
improved both surface and groundwater avail
ability in d ilTerent cropping seasons (Fig. 8.2). 
It has resulted in significant increase in the 

Table 8.5. Rainfall use efficiency (kglhalmm) of 
different cropping systems under improved land 
management practices in Bhopal, Madhya 
Pradesh. 

Broad-bed 
Cropping system" Aat-on-grade and furrow 

Soybean-dlickpea 
Maize-dlickpea 
Soybeanl 

maize-<:hickpea 

8.2 

8.' 
8.' 

11.6 
11.6 
10.9 

..... Sequential system; / .. Inlelcropplng system. 

E 
o 
E 
~ 

8 

I 
'5 

1 
Rainy Post·rainy 

ir rigated area particularly during the post-rainy 
and summer seasons. There is a threefold in
crease in the mean pumping duration and 
substantial improvement in recovery or recharge 
period and the total area irrigated by wells 
during post-watershed interventions period 
(Table 8.6). 

The integrated watershed management 
intervention at the Gokulpura-Goverdhanpura 
watershed in Bundi made Significant impact on 
land use pattern (Table 8.7). It is evident that the 
area under irrigation had increased by 66% due 
to the increased water availability in the wells 
after the implementation of in-situ and ex-situ 
water management interventions. Area with 
supplemental irrigation increased drastically. 
This resulted in a marked reduction in crop 
failures in the watershed area and gave greater 
confidence to fanners to use improved agricul
tural inputs. In addition to this. about 35 ha 
land was brought under high-value horticulture 
with irrigation facility. 

8.3.3 Improved crops, varieties 
and cropping systems 

Promoting farmer-preferred crop varieties 

Prevalence of low-yielding crop cultivars is one 
of the major reasons for low crop yields in target 
regions, and varietal replacement is a big oppor
tunity for enhancing productivity and income 
levels of farmers. Under the initial phase of the 

Summer Mea" 

ID Before interventions _ After interventions I 
FIg. 8.2. Effect of various e~situ water interventions on depth of water column in open wells during 
different cropping seasoos in Gokulpura-Goverdhanp4Jra watershed, Bundi. Rajasthan. 
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Table 8.6. Effect of watershed interventions on the perfoonance of open wells in Gokulpura-Goverdhanpura 
watershed Bundi, Rajaslhan.· 

Pumping duration RechargeJrecovery period Area irrigated by one 
(h) in well (h) well (ha) 

Sea"", BWI AWl BWI AWl BWI AWl 

Rainy 4 11 13.5 10 1 2.5 
Post·rainy 15 6.5 21 16 0.5 15 
Summer 0 30 21 0 0.2 M,,,,, 1.83 6.2 21.5 15.7 0.5 14 

"BWI " Before watershed interventions; AWl .. AtIef watershed Interventiona. 

Table 8.7. Land use pattern in Gokulpura· 
Goverdhanpura watershed, Bundi, Rajaslhan.· 

Land use Before watershed After watershed 
system interventions (ha) interventions (ha) 

Irrigated 207 (15) 343 (25) 
Rainfed 327 (24) 209 (15) 
Pasture 167 (12) 114 (8) 
Horticulture 0 35 (3) 
Forest 360 (27) 360 (27) 
Dwelling 

294 (22) 294 (22) 
and river 

Total 1355 1355 

"figures In parentheses are the percentage values 
of total area. 

project, the benefits of improved cultivars were 
recorded in farmers' fields. Therefore, improved 

crop cultivars along with good management 
practices were promoted under the project ini
tiative to bridge yield gaps in the target regions. 

Participatory trials in Rajasthan showed 
that with maize crop across the districts. maize 
grain yield with farmers' standard practice (local 
cultivar and application of only NPK fertilizers) 
was 1150-2990 kg/ha (Table 8.8 ; Chander 
et al .. 2013b). Replacement of local cultivar 
with improved cultivar increased maize grain 
yield by 22--68%, But the practice of adopting 
the improved cultivar along with BN recorded 
the highest increase in grain yield. which varied 
from 92% to 204% over farmer's practice. It is 
thus evident that impoverished soils in the dry
lands need to be rejuvenated to harness the yield 
potential of improved cultivars. The benefit-cost 
ratio of the best technology in maize crop varied 
from 3.33 to S.03, indicating economic viability 
for adoption at farm level. The additional profit 

in adopting the best practice varied from ~991O 
to ~29.S90 per ha. The RWUE of existing farm
ers' cultivars with applied Nand P in maize var
ied from 3.36 to 7.39 mglkglha. Theintroduction 
of improved cultivar in on-farm trials in target 
districts increased RWUE from 5.4 3 to 1O.S mg/ 
kg/ha. and thereby proved the ability of im
proved cultivar to best utilize the limiting water 
resources. The integrated approach involving 
soil test-based addition of secondary and micro
nutrients to improvedcultivar. however. recorded 
the maximum RWUE (S.20 to 16.2 mg/kg/ha). 
The best practice also recorded increased stover 
yield of 58-165% over farmers' practice (Chan
der et al .. 2013b). Stover is used as cattle fodder. 
and thereby increased fodder availability trans
lated into beneficial impacts on cattle-based live
lihoods. Improvement in stover productivity in 
monetary terms ranged from H500 (US$77,3) 
to ~S100 (US$179) with an average of ~6300 
(US$139) per ha (Chander etal .. 2013b). 

Similarly. the replacement of local pearl 
millet cultivar with improved cultivar increased 
grain yield by 46% in Tonk district and 54% in 
Sawai Madhopur district (Table 8.8; Chander 
et al .. 2013b). The adoption of best practice. 
however. enhanced pearl millet yield by 166% in 
Tonk and 115% in Sawai Madhopur. Similar 
yield improvement (150%) was also recorded 
with best practice in groundnut as compared 
with farmers' practice in Tonk district. Consider
ing the net additional returns and benefit-cost 
ratio. pearl millet seems to be the best crop com
pared to groundnut for Tonk and Sawai Mad
hopur region because of low rainfall. The net 
additional returns with best practice varied from 
~6110 to ~7620 for pearl millet and U 350 for 
groundnut cultivation. As in maize crop. the 
RWUE in pearl millet also increased from 2. 72 to 
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Table 8.8. Effects of improved crop varieties and nutrient management practices on crop yield, 
benefit-cost (BC) ratio and rainwater use efficiency (RWUE) under rainted conditions in Rajasthan, India.
From: Chander et al. (2013b). 

Yield (kg/ha) RWUE (kgfmmiha) 

District FP IC IC+BN L8D(5%) BC ratio FP IC IC+BN LSD (5%) 

Maize 
Tonk 1150 '.30 3160 280 4.26 3.4 5.52 9.13 0.73 
Sa.,,; 

1430 2030 3000 420 3.33 4.1 5.77 8.59 0.95 
MadhoplJr 

Bundi 1360 2180 4240 714 6.05 3.6 5.68 10.93 1.68 
Bhilwara 2990 4340 6510 680 "5 " 10.8 16.15 1.69 
Jhalawar 2550 3520 4960 316 5.11 4.2 5.82 8.2 0.52 
Udaipur 2530 3090 6320 509 8.03 4.5 5.43 11.11 0.89 

Pearl millet 
Tonk 810 1180 2160 212 3.4 2.7 3.93 I2 0.59 

Groundnut 
Tonk 300 550 750 140 1.15 0.' 1.69 2.28 0.38 

Pearl millet 
Sa.,,; 

1010 1580 2170 225 2.92 2.' 4.49 6.27 0.51 
Madhopur 

"Note: FP '"' Local cultivar + farmers' practice of SRllicalion of N, P and K; le .. Improved cultivar + farmers' practice of 
8RIlication of N, P and K; and BN .. Balanced nutrition (FP Inputs plus 5 + B + Zn). 

2.90 kg/mm/ha with farmers' practice to 6.27-
7.20 kg/mm/ha under best management. In 
groundnut. RWUEincreased from 0.92 kglmmlha 
under farmers' practice to 2.28 kg/mm/ha with 
best practice. A relative analysis of RWUE by 
crop plants in Rajasthan revealed that C4 crop 
plants (maize and pearl millet) are more effi
cient in contrast to counterpart C3 plants 
(groundnut) for better water productivity. 

Intensification of rainy season tallows 

There are regions in Madhya Pradesh where 
no crop is grown during rainy season primarily 
due to waterlogging (Wani et al .• 2002. 2016). 
Traditionally farmers grow a secured post-rainy 
season crop on stored soil moisture and keep the 
fields fallow during rainy season. Three funda
mental barriers to cropping in black soil region 
are: (i) threat of flooding of the rainy season crop 
due to heavy rains: (ii) difficulty of soil prepar
ation prior to the monsoon for timely sowing of 
a rainy season crop: and (iii) reduction In avail
able soil moisture for the post-rainy season crop. 
Soil degradation is also an important issue to be 
considered to take two good crops in a year. It is 
estimated that 2.02 million ha. accounting for 

6.57% of the total area of the state. remains 
under rainy season fallows (Sreedevi et al .• 2009). 
Madhya Pradesh in Central India is endowed 
with Vertisols and associated soils along with 
assured rainfall (700-1200 mm). The Vertisols 
contain high (4G-60%) montmorillonite clay 
and exhibit typical swelling and shrinking 
characteristics under moist and dry conditions. 
Vertisols have poor hydraulic conductivity. and 
consequently are frequently poorly drained. 
Madhya Pradesh is endowed with well-distributed 
rains. Vertisols with good mOisture-holding cap
acity can be used to grow short-duration soy
bean by adopting sound land management 
practices. This will help increase income to farm
ers besides preventing land degradation due to 
runoff erosion. 

In rainy season fallow regions. the project 
interventions of landform management coupled 
with soil test-based balanced fertilization enabled 
farmers to grow and harvest good soybean yields 
during the rainy season (Table 8.9 : Wani et al .. 
2016). The BBF landform management tended 
to prove superior over contour furrow. In the 
same plots, after taking rainy season crop with 
recommended technology. post-rainy season 
wheat and chickpea crops were also grown. 
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Table 8.9. Effects ol landfoml management and balanced nutrition on soybean yield in rainy season 
fallow regioos in Madhya Pradesh, rainy season 2010.- From: Wani et al. (2016). 

Grain yield Straw yield 
(k"",,) (""'a) 

District No. of trials CF+BN BBF+ BN LSD (5%) CF+BN BBF +BN LSD (5%) 

G""" 21 1350 1450 210 2 110 2310 226 ... "'" 2. 1270 1360 59 1930 2300 70 
Indore 5 1600 1700 231 1730 1810 158 
Vldisha 5 1340 1520 511 1440 1830 748 

"Note: CF" Conservation furrow at 4-5 m distance; BBF .. BroaG-bed and fuImw (1 m raised bed followed by 0.5 m 
furrow); and BN .. Balanced nutrition (N, P, K plus S, B, Zn). 

Results showed increased wheat and chickpea 
grain yields in rainy season fallow plots as com
pared to farmers' practice of growing only one crop 

(wheat or chickpea) in post-rainy season. These 
results are expected due to improved soil health 
as a result of soil test-based balanced nutrition 
during rainy season and more moisture storage 
due to appropriate landform management. 

8.3.4 Forage production for promoting 
livestock-based livelihoods 

On-farm fodder promotion 

Rearing livestock is a common practice by farm
ers in target regions. However, fodder shortage is 
a major drawback for low productivity. There
fore under this project, seeds of forage crops such 
as fodder sorghum, lucern and berseem were 
distributed for forage cultivation. This helped to 
provide good quality fodder to animals. A large 
number of farm demonstrations (-25-75 each 
year) were arranged under this activity wherein 
farmers learnt to grow good quality fodder for 
their cattle and increase milk production which 
is especially in the domain of women and thus. 
contribute to increasing their incomes. 

Wasteland management 

Under the Tata-fCRISAT-fCAR initiative funded 
by SOTT. efforts were undertaken to demon
strate combating land degradation in Bundi 
district during the year 2000. The soils in se
lected pilot site in Thana. Govardhanpura and 
Gokulpura cluster of villages in Bundi district. 
eastern Rajasthan. India are degraded due to 
overgrazing. The total geographical area of this 

cluster is 1356 ha. of which common grazing 
land is 95 ha. BAIF Institute of Rural Develop
ment. an NGO partner. initially recognized the 
problem and engaged the community to demon
strate wasteland development interventions in 
half (45 ha) of the common grazing land. Villa
gers contributed labour to erect stone fencing in 
around 45 ha and construct soil and water con
servation structures like gully plugs. percolation 
pits. contour and staggered trenches. With a 
rainwater-harvesting structure in place. useful 
grasses and saplings were planted. resulting in 
the establishment of good plantation despite 
consecutive droughts between 2000 to 2003. 

A participatory assessment later showed 
that this management has led to abundance of 
grasses/fodder in the area and such conserva
tion initiative has benefited all sections of society 
(Dixit et al .. 2005). In addition. biodiversity in 
the conserved plot increased tremendously. Re
habilitated grazing land got richer in floristic di
versity as it contained 56 plant species (20 
woody taxa, 36 herbacious species). while there 
were only 9 species in open degraded land. In 
addition. below ground microbial biodiversity 
assessed through collecting surface (0 to 0.15 m) 
soil samples recorded 32% higher microbial bio
mass carbon (460 vs 288 Ilg C g-l soil) in re
habilitated land as compared to the degraded 
land. Biomass nitrogen was 37% higher (37.8 vs 
25.4 Ilg N g-I soil) in rehabilitated land. Simi
larly. the population of bacteria (10 x lQ4 vs 8.8 
x lQ4 cfu g-l soil), fungi (37 x lOl vs 15 x H)2 cfu 
g-I soil). actinomycetes (5 7 x 10l vs 35 X lOl cfu 
g-I soil) "'ere found Significantly higher in re
habilitated grazing lands than in degraded graz
ing lands. Further higher diversity in microbial 
population was found in samples from rehabili
tated land compared to the degraded land. 
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8.3.5 Other incomlMleneratlng 
activities 

Along with strengthening natural soil and water 
resources, efforts were placed to strengthen 
livelihoods of farmers and especially main
streaming of women through certain targeted 
actMties. Women farmers were trained in kitchen 
gardens. recycUng agricultural wastes through 
vennicomposting, raising nurseries for biological 
N fixing-trees. producing improved seed and es
tablishing a village seed bank, dal processing, 
etc. AJI these activities were promoted through 
women collectively as self.help groups (SHGs) 
and thrift saving activities. Major livelihood 
activities promoted in project sites to show 
these as learning si tes were kitchen gardening. 
vermicomposting and biomass generation. and 
seed bank. 

Kitchen gardening 

Under this activity. especially the women 
farmers were guided and supported to grow 
vegetables in a small area or as kitchen garden 
(10-100 ml) to improve family nutrition and cap
ture the market-led opportunities. The demand
driven seeds of vegetables such as brinjal, tomato. 
okra. cabbage. caulifio\\'er. etc. were provided 
during the initiative by lCRlSAT along with re
quired capacity building and other inputs like 
soil test-based nutrients. Demonstrations of 
vegetables along with needs-based micro/sec
ondary nutrients were done with 200 new 
women farmers every year to strengthen their 
skills which resulted in high yields and benefits 
in income and family nutrition. 

Vermicomposting and biomass generation 

Vermicompost pits (-100 functioning) were 
constructed at project locations as si tes of learn
ing and farmers were encouraged to apply the 
produced vermicompost in their fields to main
tain soil health. The benefits were documented 
as increased crop yields and savings In chemical 
fertilizers. 

Under the SD'IT project. biomass gener
ation was promoted in villages which had less 
population of cattle and thereby having less 
dung and compost. Seeds of Gliricidia were 
provided to farmers each year to grow seedlings 
to cover 10-50 ha as learning sites. Leaves of 

Gliricidia contain N (2.4%). P (0.1%), K (1.8%). 
calcium and magnesium and they add various 
plant nutrients and organic matter to the soil. 
and increase crop productivity of unproductive 
soils. 

Seed bank 

In an effort to counter the timely availability of 
sufficient quantities of improved seed. seed bank 
activities were initiated in Madhya Pradesh (Se
hore) and Rajasthan (Tonk) districts. Farmers 
were trained in seed production of crops like 
groundnut. chickpea. soybean and wheat. and 
seed grading and storage. This intervention has 
not only ensured availability of quality seed to 
farmers but also made available village-wise live
lihood option for them. 

Strengthening livestock-based livelihoods 

The partner NGO BAIF has expertise in main
taining cattle health and breed improvement. 
And thereby large number of animal health 
camps were organized for deworming and breed 
improvement of livestock (-2000-3000 every 
year) in the project regions. Also the farmers 
were organized through SHGs and supported to 
purchase and expand livestock. 

8.4 Capacity Building 

To ensure sustainability of science-led develop
ment. due focus was on capacity building of 
stakeholders. 

8.4.1 Capacity building under 
the initiative 

Without appropriate training and knowledge 
sharing. no technology can percolate down to 
grassroots level for adoption. Thus farmers were 
oriented to better crop production technology 
and their capacity was built by organizing vari
ous types of training on new technology and 
better farming practices. Some of the major 
interventions were technical training conducted 
in villages. planning exercises. training of SHGs 
for management of seed banks, exposure visits 
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and farmers' days. Capacity building of various 
stakeholders and farmers has been an import
ant component of the SDTT project. Various 
capacity-building activities were taken up for 
the effective implementation of productivity en
hancement through sustainable management 
of natural resources in Madhya Pradesh and 
Rajasthan. During the project period, annual 
workshops. training during crop seasons and 
field days "'ere targeted activities. During the pro
ject period. capacity of about 20.000-30.000 
farmers was improved directly through hands
on training and demonstrations and 4-5 times 
through field days. 

In this initiative. ICRlSAT also conducted 
capacity-building courses for the senior policy 
makers from Rajasthan and Madhya Pradesh in 
integrated watershed management programme 
implemented by the Department of Land Re
sources, Ministry of Rural Development. To further 
boost the efforts to sensitize the senior policy 
makers in the country. a National Symposium 
for Enhancing the Impact of the Integrated 
Watershed Management Program was held in 
New Delhi during 2010. 

Capacity building of ultimate stakeholders. 
the farming community. is a core feature of any 
development project and SD'IT is no exception. 
Sharing of knowledge in a village community is 
an essential means of spreading new technol
ogy. This was done by interactive group discus
sions, field visits, demonstrations and farmers' 
days where farmers could interact with scien
tists in exchanging ideas. views and experience. 
Hands-on training was a major benefit to the 
farmers . Soil health management, micronu
trients, seed treatment and pest management 
were some of the hands-on training programmes 
regularly imparted to farmers in the project lo
cations. Other major points of group discussions 
were water-use efficiency and enhancing prod
uctivitythrough various interventions. Thus the 
project created a common platform for informa
tion sharing to access information and resource 
and also disseminated Information in the neigh
bourhood cluster of villages. 

8.4.2 Important principles of capacity 
building followed 

Quality of training. developing training ma
terial. content development and delivery of a 

programme are some aspects which affect any 
capacity-building programme. Seldom is there 
any quality check. especially where an assessment 
is to be done as to whether the training object
ives were met. All capacity-building programmes 
need to address these basic issues to make the 
training an effective tool for transferring new 
technologies, so that it really benefits the ultimate 
stakeholder. Any capacity-building programme 
has primarily two objectives: transfer of technol
ogy and knowledge and skill development. 

As the training flows from top-level function
aries of a state department/organization to the 
farm level. training becomes more skills-based for 
applications rather than principles and concept. 
Accordingly, training methodologies change. be
come more participatory and results-oriented. 
Awareness of this among the planners and policy 
makers is important so that the training peda
gogy is relevant to the audience/participants. 

Training is not a one-time event but should 
be sustainable in the long term. Development 
objectives are not a single intervention. but ra
ther a continuous effort towards a long-term 
perspective and goal. Any training programme 
needs to be highly interactive. participatory and 
results-oriented. This needs the training to take 
a systems approach for better impact and tech
nology transfer. There is no common prescrip
tion for all the tra ining programmes in a project. 
It needs constant innovation in delivery mech
anisms, wide consultations with the stakeholders 
and proactive steps in planning process. In 
other words. training has to be dynamic and sys
tems-oriented if there is to be a change in the 
lives of millions of farmers to give them a better 
quality of life. Training has to be an agent for 
change - a change for the better. This has been a 
guiding principle in capacity-building efforts in 
the project. 

8.5 Summary and Key Findings 

The pilot initiative supported by SDTI' has dem
onstrated widespread deficiencies of S, Band Zn 
in the semi-arid regions in Madhya Pradesh and 
Rajasthan states of India, which farmers should 
consider and include in their fertilizer manage
ment strategies. The on-farm evaluation results 
in pilot sites suggest the need to promote the use 
of vermicompost in food production for higher 
productivity and net returns. Vermicompost use 
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for food production may be economical and 
practical only if it is produced on-farm from 
available wastes. Varietal replacement. rainy 
season fallow cultivation, wasteland manage
ment and developing livelihood opportunities 
like village seed banks, fodder promotion for live
stock productivity and nutri-kitchen gardens are 
other big opportunities to improve incomes and 
productivity. ln-silu and ex-silu rainwater man
agement is critical in water augmentation and 
enhancing water-use efficiency,leading to higher 
production. incomes and reduced instances of 
crop failures. The smallholders in the rainfed 
SAT in India are unaware of such issues and 
available technologies and are not in a position 
to implement the science-led strategy on their 
own. So, there is a strong need for desired policy 

orientation by the respective governments to 
promote capacity strengthening and soil test
based mM and BN strategies through appropri
ate incentives for poor smallholders in the SAT 
in India. 
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