
and crops growing on these soils show multi-nutrient deficiencies, 
including secondary and micronutrient deficiencies.

Fertilizers contribute about 50 percent of the increased yields, 
as a component of improved technology. The dramatic increases 
in the yields of crops like wheat and rice have occurred because 
of the use of high yielding varieties and application of higher 
rates of fertilizer. However, for many dryland crops, despite the 
introduction of high yielding cultivars, yield potential has not 
been achieved because of low nutrient use. About 80  percent 
of the fertilizer applied in India is consumed in irrigated areas 
while only 20 percent is used in the rainfed areas that constitute 
65 percent of the cropped area. Hence, low nutrient use in rainfed 
agriculture is one of the major causes of low yields (Srinivasarao 

Introduction
In rainfed regions of India, declining soil fertility and nutrient 
imbalances are major issues affecting agricultural productiv-
ity. Organic matter levels have declined sharply in intensively 
cropped regions, leading to stagnant yields of major food crops. 
In addition to universal deficiency of nitrogen (N), deficiencies 
of potassium (P), sulphur (S) and micronutrients are emerging as 
constraints for sustaining and/or enhancing productivity under 
intensive crop production systems (Srinivasarao et al., 2006, 
2008, 2009a, 2010, 2011a). It is estimated that 29.4 m hectares 
(ha) of soils in India are experiencing a decline in fertility with 
a net negative balance of 8-10 million mt of nutrients per annum 
(Srinivasarao, 2011b). Poor nutrient use efficiency is another 
cause for concern. So far, soil fertility issues have been addressed 
mainly in irrigated agriculture, but recent studies have indicated 
that drylands are not only thirsty but also hungry (Srinivasarao 
et al., 2011c; Srinivasarao and Vittal, 2007). Most of the soils in 
the rainfed regions are low in organic carbon and available N, 
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et al., 2011c; 2009b). Efforts should there-
fore be made to redefine fertilizer doses 
so that they are synchronized with crop 
nutrient demand and soil water availabil-
ity, particularly in the drylands.

The target area for this study comprised 
of eight tribal-dominated districts of 
Andhra Pradesh covered by the Compo-
nent 3 sub-project “Sustainable rural 
livelihoods through enhanced farming 
systems productivity and efficient support 
systems in rainfed areas” under the World 
Bank-supported National Agricultural 
Innovative Project (NAIP) which, since 
September 2007, is being implemented by 
a consortium led by the Central Research 
Institute for Dryland Agriculture 
(CRIDA), Hyderabad (Fig. 1). The aim of 

Fig. 1. Andhra Pradesh district map with the target districts 
marked in grey. In total, 84 villages in the target districts  

were identified for demonstrations.

the project is to improve the livelihoods 
of the rural poor by improving the overall 
systems productivity by following good 
agricultural practices, improved natural 
resource management and addressing the 
issues of profitability and sustainability 
through efficient institutional and support 
systems. The project sites were selected 
based on the criteria of dominance of 
rainfed farming, tribal dominant, low 
household income and poor infrastruc-
ture. A general description of the study 
sites is given in Table 1.

Participatory soil sampling and chemical 
analysis
Following several meetings and discus-
sions with farmers in these villages, 
farmers were sensitized to the need for 
soil testing. Soil samples from 1,860 
farmers’ fields covering 84 villages of 
the eight districts were collected during 
2007-2011 with farmer participation in 
soil sampling. After conducting farmers’ 
meetings in each village and depending 

upon soil type, crop, slope and agricul-
tural management, about 30 percent of 
farmers’ fields were selected for sampling 
using stratified random sampling meth-
odology (SRSM). Those farmers whose 
fields were selected were given group 
demonstrations of soil sampling procedure. 
Collected soil samples were labeled with 
cluster, village and farmer’s names. In 
most of the clusters, the village sarpanch 
or village head was involved in participa-
tory soil sampling. Collected soil samples 
were analyzed for soil chemical proper-
ties (pH, EC and organic carbon) as well 
as nutrient analysis (N, P and K), in the 
Soil Chemistry Laboratory at CRIDA as 
per standard methods (Jackson, 1973). 
Available K status was determined in 1N 
ammonium acetate extract determined 
using flame photometry (Hanway and 
Heidel, 1952) and soil K status less than 
50 mg K kg-1 soil was considered deficient 
(Srinivasarao et al., 2007; Subbarao and 
Srinivasarao, 1996; Srinivasarao, 2011b).
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Potassium deficiencies in farmers’ fields (1,860) in eight target 
districts 
Potassium deficiency was observed in the soils of 84 villages 
and crops grown in farmers’ fields. Deficiency was observed in 
groundnut, cluster bean, cotton, banana, upland rice, sunflower, 
maize and other crops on various soils including red soils, sandy 
light textured soils, degraded lands and shallow black soils in the 
districts of Anantapur, Nalgonda, Kadapa, Khammam, Warangal 
and Rangareddy (Srinivasarao et al., 1997, 1998, 1999, 2000, 
2001a, 2001b, 2001c, 2006, 2007, 2010, 2011b). From 1,860 farmers’  
fields as many as 65 percent of the soils were in the low and 
medium category (Table  2). In most of the districts, some of 
the farmers’ fields were extremely low in available K status. In 

Adilabad districts, the K status varied from  
20 to 245 mg kg-1 with the mean value of 
91 mg kg-1, corresponding to a medium 
K value (Srinivasarao et al., 2000). In 
Nalgonda, from 420 farmers’ fields, K 
status varied from 9-154 mg kg-1 with a 
mean of 39 mg kg-1, a low K value. These 
soils are extremely low in K so that high 
value crops like tomato, vegetables, sweet 
orange, and mulberry, along with field 
crops like groundnut, cotton, maize, 
green gram, and black gram, respond to K  
application (Fig.  2 to 6). Soils of Kham-
mam district are medium in K status 
ranging from 14-382 mg kg-1. However, 
most of the cotton growing red soils are 
low in available K and significant cotton 
response was found with Specific Site 
Nutrient Management (SSNM) includ-
ing K. In Mahabubnagar district, K status 
varied from 11-563 mg kg-1 with a mean of 
47 mg kg-1 (low). Therefore, the deficient 
fields with cotton, castor, maize etc. require  
K application. In Anantapur district, the 
mean K status is low (52 mg kg-1) although 

it varied from 17-664 mg kg-1 across 340 farmers’ fields tested. In 
addition, other than small pockets of black soil patches, most of the 
groundnut growing red soils are K deficient and regular applica-
tion of K is required. The soils in this district are unable to support 
banana cultivation, without external K application (Srinivasarao et 
al., 2000, 2010). In Kadapa district, among the 320 farmers’ fields 
tested, K status ranged from 7-215 mg kg-1 with the mean value of  
27 mg kg-1 showing extremely low levels of soil K. In Warangal 
district, among 336 farmers’ fields tested, K status varied from 
9-125 mg kg-1 with a mean value of 49 mg kg-1 (low). In Rangareddy 
district, of the 125 farmers’ fields tested, the mean K status was 
low (41 mg kg-1) and in the range of 11-180 mg kg-1.

Table 2. Cluster-wise fertility status in 1,860 farmers’ fields in the tribal districts of Andhra Pradesh (AP), 
2007-2011. 

Name of the District*  pH EC OC Av. N Av. P Av. K 
   dS m-1 g kg-1 ---------------mg kg-1--------------- 
Adilabad (139) Range 6.2-8.8 0.08-2.66 2.7-13.3 55-159 2.7-48 20-245 
 Mean 8.1 0.29 6.2 94 6.9 91 
Nalgonda (420) Range 5.3-8.8 0.07-1.60 1.4-11.3 61-133 0.1-22.4 9-154 
 Mean 7.4 0.29 4.6 86 4.0 39 
Khammam (161) Range 4.8-8.6 0.03-0.82 3.2-15.0 70-153 0.1-25.8 14-382 
 Mean 6.7 0.18 7.0 91 3.8 80 
Mahabubnagar (121) Range 6.0-10.2 0.01-2.37 1.3-11.3 48-120 0.1-19.6 11-563 

 Mean 7.80 0.22 4.4 80 3.9 47 

Anantapur (340) Range 5.5-8.8 0.02-3.20 1.2-14.5 57-105 0.3-18.9 17-664 
 Mean 7.4 0.18 4.5 78 3.75 52 
Kadapa (320) Range 6.0-8.8 0.02-1.30 1.2-13.1 28-174 0.2-6.0 7-215 
 Mean 7.3 0.12 2.6 55 1.2 27 
Warangal (336) Range 6.1-9.4 0.04-1.68 0.8-8.4 34-190 0.2-23.8 9-125 
 Mean 7.8 0.27 4.1 85 7.1 49 
Rangareddy (125) Range 4.7-8.2 0.02-1.16 1.5-15.6 39-151 0.2-26.7 11-180 
 Mean 6.7 0.12 5.0 96 4.0 41 

*In brackets, number of farmers’ fields tested. 
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 K deficiency symptoms in groundnut ( lef t) and cluster bean (right) in SSNM plots at farmers‘ fields. Photos by Ch. Srinivasa Rao. 
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On-farm SSNM trials 
During 2007-11, a total of 265 on-farm 
trials were conducted in different districts 
with different test crops: Adilabad (kharif 
cotton and rabi chickpea), Khammam 
(cotton), Warangal (cotton and pigeon-
pea), Anantapur and Kadapa (groundnut, 
sunflower and vegetables), Mahbubnagar  
(cotton, castor and rabi groundnut), 
Rangareddy (maize and pigeonpea) and 
Nalgonda (groundnut, black gram, green 
gram and vegetable crops, such as tomato 
and okra). The objective of these tests was 
to demonstrate the comparative evaluation 
of SSNM, including micro and secondary 
nutrients and farmer’s practice. Crops 
were grown on selected farmers’ fields 
with known fertility status and SSNM-
based nutrient application (Table 3). 

In some of the fields across the districts 
(Warangal, Adilabad, Nalgonda, Kham-
mam and Rangareddy), a build-up of phos-
phorous (P) in the soils was determined. 
In these farmers’ fields, the application  
of P was reduced to half of the recom-
mended P levels for various crops. Prior to 
this project, no farmer had applied any K 
fertilizer to the crops, even in cases where 
soils were deficient in available K. Some 
of the farmers did not even know about 
MOP fertilizer. Based on our project 
interventions, K fertilizer was included 
in SSNM package where soils testing 
of K was low and also for K exhaustive 
crops including cotton, maize, ground-
nut, vegetables and other horticultural 
crops. A model SSNM sheet is presented 
in Table 3 for some of the on-farm trials 
made in Nalgonda district on ground-
nut, green gram, tomato and okra. 
Similarly sulphur, zinc and boron were  
applied depending on soil test data. 
SSNM packages for individual farmers’ 
fields were developed based on the crop 
grown and soil test data. Available N 
was invariably low in all the villages and 
recommended N was used for all crops 
with the exception of legumes where N 
was omitted as for groundnut and green 
gram (Table 3).

Table 3. Farmer field specific fertilizer recommendations developed for oilseed/pulse crop (viz. 
groundnut, green gram, tomato and okra) based on soil test value for Dupahad cluster of Nalgonda 
district, AP (Similar SSNM data sheets developed for all other farmers fields across the eight districts). 

Farmer No. Village Crop Fertilizer requirement (kg ha-1) 

Urea DAP MOP Gypsum ZnSO4 

1 Jalmakunta Thanda Green gram 50 - 90 - - 

2 Jalmakunta Thanda Groundnut - 125 90 - 50 

3 New Banjara Hills Groundnut 50 - 65 150 50 

4 Jalmakunta Thanda Green gram 50 - - - 25 

5 Jalmakunta Thanda Green gram - 125 90 150 50 

6 Seetamma Thanda Groundnut 50 - 90 - 50 

7 Jalmakunta Thanda Green gram 50 - - - 50 

8 New Banjara Hills Groundnut - 125 65 150 50 

9 Peddagarakunta Thanda Green gram 50 - 90 150 50 

10 Jalmakunta Thanda Green gram - 125 - - 50 

11 Jalmakunta Thanda Green gram - 125 90 - 50 

12 Jalmakunta Thanda Green gram 50 - 65 - 50 

13 Jalmakunta Thanda Green gram - 125 90 150 50 

14 Jalmakunta Thanda Green gram - 125 65 150 50 

15 Jalmakunta Thanda Groundnut - 125 65 150 50 

16 Jalmakunta Thanda Groundnut - 125 65 - 25 

17 Jalmakunta Thanda Green gram 50 - 65 - 50 

18 Jalmakunta Thanda Tomato 50 - 90 - 50 

19 Jalmakunta Thanda Okra - 125 90 - 50 

20 Peddagarakunta Thanda Tomato 50 - 65 - 25 
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K deficiency symptoms in rice at one of the SSNM plots. Photo by Ch. Srinivasa Rao. 
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SSNM impacts on crop productivity in farmers’ fields
The impacts of SSNM, based on participatory soil sampling, 
soil analysis at CRIDA laboratory, soil health cards, and SSNM 
recommendations to individual farmers depending upon crop and 
soil test data, were highly significant in all the tested crops in the 
eight districts. Response patterns of various crops in each district 
are discussed below:

Adilabad: In Adilabad district, the benefits of balanced nutrition 
through SSNM were much higher than at other sites. This could 
be due to a continuous cotton-based system with a mean yield of 
2.37 mt ha-1 of seed cotton (SSNM) compared to a mean yield of 
1.66 mt ha-1 under farmers’ practice (FP), (a 43.1 percent yield 
increase). Low levels of fertilizer application to cotton, chick-
pea or cotton-pigeonpea intercropping systems over the years 
resulted in mining of soil nutrients. In these villages (70 percent 
tribal population), cotton has been grown for the last 10-15 years 
without much nutrient input. This is one of the reasons for higher 
cotton response to balanced nutrition. Among the rabi crops, 
chickpea (variety JG-11) showed significant response to SSNM 
in Seethagondi cluster of Adilabad district. Mean seed yield 
increased from 0.89 to 1.21 mt ha-1 due to balanced nutrition, a 
35.1 percent yield increase. Being a pulse crop, S requirement was 
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Fig. 2. Effects of balanced fertilization on Bt-cotton yield in farmers’ fields of 
T. Cheruvu cluster, Khammam district, AP, Kharif 2009-2010. (BN=SSNM; 
FP= Farmer’s practice only NP) (CD= 0.23; p= 0.05) .
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Fig. 3. Effects of balanced fertilization on groundnut yield in farmers’ fields of 
Dupahad cluster, Nalgonda district, AP, 2009-2010. (CD= 0.08; p= 0.05) .
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Fig. 4. Effects of balanced fertilization on green gram yield in farmers’ fields of 
Dupahad cluster, Nalgonda district, AP, 2009-2010. (CD= 0.07; p= 0.05) .

Fig. 5. Effects of balanced fertilization on tomato yield in farmers’ fields of  
Dupahad cluster, Nalgonda district, AP, 2009-2010. (CD= 0.9; p= 0.05) .

Fig. 6. Effects of balanced fertilization on okra yield in farmers’ fields of Dupahad 
cluster, Nalgonda district, AP, 2009-2010. (CD= 0.4; p= 0.05) .

met from added S in the form of gypsum, besides application of 
other S-containing fertilizers. However, the variation in the crop  
response to balanced nutrition varied widely among farmers’ 
fields. The improvement in chickpea yield with balanced nutrition 
varied from 15 to 58 percent over farmer’s practice. These find-
ings indicate that with improved varieties of chickpea (JG-11), a 
well nourished crop can yield up to 1.5 mt ha-1 on the deep black 
soils of Adilabad district.  
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Khammam: Soils in Tummalacheruvu 
cluster in Khammam district are fine 
textured red soils with multi-nutrient 

deficiencies. Cotton yields (seed cotton) 
ranged from 0.9 to 2.5 mt ha-1 under FP with 
an average yield of 1.9 mt ha-1 whereas with 
SSNM, yield levels improved in the range 
of 1.3 to 3.2 mt ha-1 with an average yield 
of 2.4 mt ha-1, a 13.6-53.0 percent increase 
in yield. The interesting point obtained 
from cotton yields from farmers’ fields is 
that yield gaps between FP to SSNM have 
widened at higher productivity levels as 
compared to lower yield levels among 15 
farmers’ fields tested (Fig. 2).

Nalgonda: In the Dupahad cluster of 
this district, SSNM of groundnut and 
green gram brought about a mean yield 
increase from 1.08 to 1.41 mt ha-1 and from 
0.54  mt  ha-1 to 0.75 mt ha-1, respectively, 
i.e. 31.1 and 39.6 percent yield increases. 
Green gram and groundnut yield responses 
also varied from 33 percent to 47 percent 
and 18 percent to 44 percent respectively. 
Among vegetable crops, tomato and okra, 
mean yield increased from 21.6 mt ha-1 to 
30.4 mt ha-1 and 8.7 mt ha-1 to 11.6 mt ha-1, 
i.e. 41 percent and 33 percent increases 
in yield respectively in this district 
(Fig.  3-6). In all the crops (oilseed, food 
legume and vegetables), groundnut, green 

gram, tomato and okra, the gaps in yields 
between FP and SSNM were much wider 
at high productivity levels, as in the case of 
cotton yields in Khammam district.

Warangal: In the Jaffergudem cluster, 
balanced nutrition improved cotton yields 
significantly in many farmers’ fields. In 
some of the farmers’ fields, cotton yields 
reached 1.6 mt ha-1 with balanced nutrition, 
with increased yields from five to 30 per 
cent over FP.

Kadapa: Groundnut yield increased from 
0.65 mt ha-1 to 0.82 mt ha-1 due to balanced 
nutrition, registering a yield increase up to 
15 to 18 percent.

Anantapur: As in Kadapa, groundnut 
yields were increased by balanced nutri-
tion from 0.67 to 0.88 mt ha-1. The response 
of groundnut to balanced nutrition ranged 
from 20 to 50 percent but generally it was 
around 25 percent (Srinivasarao et al., 
2010).

Mahabubnagar: Castor, cotton and rabi 
groundnut responded significantly to micro-
nutrient application. The highest response 
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among the crops was cotton (26 percent), 
followed by castor (19 percent) and 
groundnut (18 percent).

Rangareddy: Maize and pigeonpea 
responded to micro and secondary nutrient 
application on the light-textured sandy 
loam soils of Parigi cluster.

Based on several on-farm trails, SSNM 
improved productivity of various rainfed 
crops. The minimum mean increase in 
SSNM over FP was 19 percent in castor 
and the maximum mean increase was 
observed in tomato (41 percent) (Fig.  7), 
with other crops including cotton, chick-
pea, groundnut, green gram, maize and 
okra between these figures. Such large 
impacts of SSNM productivity of rainfed 
crops in eight districts was due to degraded 
soils with multi-nutrient deficiency, and 
where farmers seldom apply nutrients 
other than N and P. Potassium inclu-
sion in the SSNM package as shown in  
Table 3 enhanced yield improvement as 
well as quality of vegetables like tomato 
and okra.

Impact of SSNM on farm income
The economic viability of balanced nutri-
tion over FP was calculated in relation to 
prevailing prices of input and output costs. 
The additional cost (Table 4) incurred in 
balanced nutrition as compared to FP 
was mainly due to the cost of the limit-
ing nutrients and additional N and P. Net 
income and return per Rupee investment 
improved substantially through balanced 
nutrition. 

Livelihood impacts of SSNM
Increasing crop productivity by applica-
tion of improved technologies was one of 
the strategies for enhancing the livelihood 
security of the rural poor in the project. 
Thus, a systematic effort was made to 
assess the native nutrient status of soil and 
supplement it by application of appropriate 
nutrients at the required quantity. Enhanc-
ing crop productivity and household 
income has been adopted by the project as 
a short-term measure towards improving 

rural livelihoods. It was observed in 
many cases in the project area that the 
additional income generated due to higher 
productivity and profitability was mostly 
reinvested into farming as additional 
capital. Increased vegetable productivity 
enhanced cash flow in the family at short 
intervals. The families that participated 
in SSNM trials were shown to be higher 
consumers of vegetables at the household 
level leading to better nutritional security 
as well (Table 5).

Many farmers who realized higher prof-
its due to better nutrient management 
used their additional income for improv-
ing housing, buying animals, educat-
ing children, meeting social obligation, 
etc. Pelli Venkanna of Jaffergudem says 
“From the additional profit I got from my 
cotton SSNM field, I spent Rs. 22000/- to 
plaster my house with cement,” while 
Korra Harishehandra of the same cluster 
bought a sheep unit spending Rs. 13500/-. 
A relatively well to do farmer, Buke Balu 
invested his profit to fund his son’s educa-
tion (B.Tech).

In Adilabad, D. Ratan of Seethagondi 
cluster took up SSNM in chickpea and real-
ized a 30 percent higher income compared 
to other farmers. He used this money to 
purchase Bt cotton seeds from a reputable 

company. He said, “Unlike previous years, I 
did not have to compromise with seed qual-
ity. Since I had extra money (Rs. 12000/-), I 
could go for the best in the market.”

Though the anecdotes give a summary of 
the livelihood impacts of the SSNM inter-
ventions, they do not provide a total picture 
of all the farmers who adopted SSNM. 
However, the livelihood impacts which can 
be diverse and varied can only be captured 
through anecdotal evidence and qualitative 
data.

In Dupahad cluster of Nalgonda, the 
impact of SSNM was observed mainly in 
vegetables (tomatoes, okra), leafy vegeta-
bles (like palak) and flower crops (such as 
marigold). Though these did not translate 
into large gains, as in the case of cotton, 
the additional income nevertheless contrib-
uted to the purchase of household articles, 
better clothing and additional investment 
in purchasing better quality inputs for 
agriculture.
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Table 4. Economic benefits due to SSNM and balanced nutrition followed in different crops in target clusters of tribal dominated 
districts of Andhra Pradesh. 

District/Cluster Crop No. of 
trials 

Cost of cultivation Net return Return per Rupee 
investment 

   BN FP BN FP BN FP 
   ----------------------------Rs./ha----------------------------   

Adilabad 
(Seethagondi) 

Cotton 14 23,967 21,287 30,783-55,533 
(47,174)1 

19,213-38,113 
(28,540) 

2.28-3.32 
(2.97) 

1.90-2.79 
(2.34) 

 Chickpea 14 11,736 9,536 5,564-14,214 
(9,123) 

2,228-8,110 
(5,898) 

1.47-2.21 
(1.78) 

1.23-1.85 
(1.62) 
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(Tummalacheruvu) 
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5,713-53,713 
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(3.05) 
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(1.51) 

BN = SSNM, or Balanced Nutrition 
FP = Farmer’s practice 
1Values in parentheses indicate mean values 
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