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PREFACE 

In the heartland of dryland agricultural areas of India where black 
soils predominate, agricultural administrators, research scientists, 
and extension workers have for many years been concerned to find ways 
by which the millions of farmers living in the region may increase 
crop production on these intractable soils. 

Now, thanks to collaboration in India between State, national, 
and international research and development organizations, proposals 
have been drawn up for cooperative action by Central and State 
Departments of Agriculture, Agricultural Universities, the Indian 
Council of Agricultural Research, and the International Crops Research 
Institute for the Semi-Arid Tropics. These are focused on a land man­
agement system for growing two crops on deep black soils based on the 
watershed concept, and involving the use of high-yielding varieties 
and fertilizers. 

I enjoyed my participation in the Seminar, and appreciate the; 
proposals made in this .publication because there is a great promise 
in the technology recommended for achieving a "quantum jump" in the 
production of the country's staple cereals, pulses, and oilseeds. 
All who will now be involved in the further verification and extension 
phases that arise from our policy-making Seminar in May 1981 are there­
fore urged to give their energetic support to the work involved. 

Thanks are due to all agricultural scientists located in ICAR 
institutions, Agricultural Universities, and ICRISAT, who have contrib­
uted and continue to refine technology to increase and stablize produc­
tion in the semi-arid tropics. I also record my appreciation of the 
efforts of agricultural administrators and extension specialists for the 
effective transfer of available technology to farmers' fields. My special 
acknowledgements are due to Indian farmers who have collaborated in 
recent years with the research and development staff responsible for 
developing and evaluating the technology. Without that collaboration our 
current expectations for increasing adoption of this p~omising technology 
could not have been realized. 

Rao Birendra Singh 
Minister of Agriculture and Irrigation 
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SUMMARY OF THE PROCEEDINGS 

The seminar was organized by the Department of Agriculture and Cooperation in 
collaboration with the ICAR and ICRISAT on 21 May 1981 in the Conference Room 
of the National Cooperative Development Corporation (NCDC), Hauz Khas, New 
Delhi, under the Chairmanship of Shri S.S. Puri. Rao Birendra Singh, Minister 
of Agriculture and Irrigation, addressed the concluding 'session. 

The c:hairman, at the outset, thanked the concerned organizations - ICRISAT, 
ICAR, and NCDC-for their cooperation in arranging the Seminar. He recalled the 
initial planning discussions that had taken place between the Department of 
Agriculture, ICAR, and ICRISAT, and hoped that the Seminar would provide an 
opportunity for interaction between research scientists, extension specialists, 
and policy makers. He believed that the Seminar would contribute substantially 
to the development of undeveloped or underdeveloped areas of India, particularly 
the deep black soil areas. But he called for a balanced development for all the 
areas of the country. 

The Chairman stated that, despite considerable advances in technology, 
agriculture is still vulnerable to the vagaries of nature. He emphasized that 
agriculture, however, continues to be the king pin of the Indian economy. He 
mentioned that the black soils in India cover an area of about 72-82 million 
ha. These areas are generally rainfed and experience considerable fluctuations 
in crop production. If cultivation in these areas can be stabilized, the pro­
duction of cereals, pulses, and oilseeds can be stepped up. While recollecting 
the severe drought of 1979-80, he hoped that such extremes of weather would 
not arise in the context of future research work in such organizations as ICAR, 
ICRISAT, etc. While welcoming the participants, he urged them to keep themselves 
abreast of the problems and constraints in the development of the deep black 
soils and to suggest appropriate remedial measures for such areas. 

Dr. G.P; Gautam, ICAR, observed that black soils were next to alluvial 
soils in importance. He stated that considerable technology had been developed 
for black soil areas that could increase in selected areas current production 
levels by 50% to 100%, through the use of seeds of short-duration high-yielding 
varieties and the moderate use of inputs. Sufficient technical know-how was 
available 'for runoff water recycling, crop substitution, and the use of seed­
cum-fertilizer drills. 

Dr. R.B. Murthy described the distribution of black soils in India. 
According to him the area under Vertisols and associated soils in India is 
72.9 mi 11 ion ha, whi ch is about 22.2% of the total geographi ca 1 area of the 
country. He pointed out that Vertisols comprise 38% of the black soil area, 
Inceptisols 37%, and Entisols 21%. In response to an enquiry he observed 
that no figures of the net sown deep black soil area were immediately avail­
able, but he promised that the requisite figures would be worked out and 
made available to the Government of India. 
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Dr. L.D;·,8uJ.indaZe, ICRISAT, presented a global view of ICRISAT's research 
on the manag~m~nt of deep black soils. He stated that there are 180 million ha 
of black soil's an over the world. ICRISAT has been engaged in evolving suit­
able technol,ogy fb~ dryland/rainfed' farming areas, including Vertisol regions, 
for, the last,· 7 ,yegrs. The technology is low-input and bull ock-drawn. It is 
withi,n the rea<;:h oJ small farmers in the rainfed semi-arid tropics. It is also 
in l;Jrre with' national goals to give greater emphasis to rainfed agriculture to 
rgd,uc;j(.ct:tsparjti;es of income between rainfed and 'irrigated farming areas. This 
iS~a ·:tecilin~:logy"tli:at'would create employment and is therefore socially relevant. 
He stress~eq' that tt is not really a technology for the drought-prone areas, 
which gen~f~'1ly lie outside the region in which it should work best. He sug­
gested th'at,·the participants may wish to visit ICRISAT's Center at Patancheru 
in July, ,Aug'ust, or September to see the watershed development performance for 
themselves. He observed that ICRISAT placed emphasis on applied and practical 
research in order to understand the technical, social, and economic constraints 
faced by the farmers. ICRISAT I S endeavor is to develop new techni ques and ideas 
that can be adopted by small farmers as well as large. Seeds, manufactured in­
puts, and new implements are of this type. The credit institutions and support­
ing services for small and marginal farmers have to become effective. Coopera­
tion among farmers will also have to be ensured for the implementation of soil 
and water conservation measures. Dr. Swindale made it clear that, unlike irri­
gated agriculture, dryland farming may not show dramatic gains; the technology 
developed may take a painfully slow journey from the research center to the land. 
No simple single'answer can be found for the problems of farmers in the semi­
arid tropics and no single package of technology can be developed to apply to 
all areas. He believed that the technology holds sufficient promise to be 
worth trying in such demonstration projects as the one that the Andhra Pradesh 
Department of Agriculture is undertaking in Medak district, or the Indo-UK 
Project at Indore. 

Dr. S.M. Vir-mani, ICRISAT, summarized the components of the technology, 
as foll ollis. 

1. Land management practices that reduce runoff and erosion, and 
that give improved surface drainage with better aeration and 
workabi,l ity' of the soi 1 s. 

2. Cropping syst~m and crop management practices that establish 
a crop at th~' very beginning of the rainy season, that make 
efficient use:of moisture throughout both the rainy and post­
rainy ,Seasons, and that give high, sustained levels of yields. 

, , 
3, Implements 'for cultivation, seeding, and fertflizing that 
, enable the required land and crop management practices to 
t be efficiently carried out. 

. , 

Dr. Virmani recommended the adoption of the broadbed-and-furrow system, the 
use-of the bullock-drawn wheeled tool carrier, and dry sowing techniques. He 
stressed, 'however; that no single farming system would be universally appli­
cable:to 'all medium a'nd',high rainfall areas on the Vertisols. 

-. ,~ 
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Dr. J.G. Ryan, ICRISAT, observed that a yield of food grains of 3 tonnes/ 
ha on the Vertisols could be achieved by improving field drainage, dry sowing 
ahead of the monsoon, use of high-yielding varieties and fertilizers, using 
improved seed-cum-fertilizer drills to ensure proper seed placement and a good 
crop stand, appropriate plant protection, timely harvesting, good postharvest 
technology, etc. The improved technology would also result in an increased 
demand for human and bullock labor, and would thus generate substantial employ­
ment in the country. 

Dr. J.B. Kanwar, ICRISAT, observed that Maharashtra has 84% of its total 
area under black soils, Madhya Pradesh has 38%, Gujarat 48%, and Andhra Pradesh 
26%. He summarized the problems and potentials of the deep black soils, and the 
technology required for realizing these potentials. He believed that steps need 
be taken not to leave deep ,black soils fallow during the kharif season. 

The essential ingredients of the technology for the deep black soils 
suggested by Dr. Kanwar include the following. 

1. Small-watershed "resources-management to conserve moisture, reduce 
erosion, and drain off excess water. In the event of organizational 
difficulties on-site, the technology is adaptable to being" estab­
lished within existing farm boundaries. 

2. Carrying out the first operations of land preparation for both 
postmonsoon as well as monsoon crops immediately after harvesting 
the previous crop, when the soil has adequate moisture and is 
friable. 

3. Smoothing the land to give a uniform slope of 0.4-0.6%. 

4. Plowing the land to facilitate the formation of broadbeds and 
furrows (with ,an amplitude of 150 cm) with a Tropicultor or a 
wheeled tool carrier. The Tropicultor is expensive, but possi­
bilities exist for it to be used on a collective ownership 
basis or on hire. Cheaper versions of the Tropicultor are be­
ing developed so as to bring it within the reach of most 
farmers. 

5. Application of moderate amounts of NP fertilizer with a fertilizer 
drill, followed by the dry sowing of two rows of sorghum or maize 
on the side of the bed and a central row of pigeonpea as an inter­
crop about 1 week before the expected date of onset of the monsoon. 
If a sequential crop of chickpea is to be planted, three rows of 
cereal can be SOW". The right choice of crops and their varieties 
is essential for the successful implementation of the technology 
and the enhancing of production. 

6. The drilling of the seed and fertilizer at a proper depth is neces­
sary for obtaining successful crop establishment and good yields. 

7. Interculturing and weeding, and taking appropriate measures to 
control pests and diseases. ICRISAT do not think that the use of 
pesticides is the answer. The development of disease-resistant 
varieties and the adoption of suitable agronomic practices to 
reduce disease incidence and pest attack is preferable. 

jmenustik
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Dr. Kanwar made suggestfons for a Plan of Action ta achieve the poten­
tials of Vertisols. He felt that by adopting such a Plan, many of the deep 
black soils could be made to produce 2-3 tonnes/ha more cereals, pulses, and 
oilseeds in the next 5 years than at ,present under rainfed conditions. The 
suggested Plan of Action included.the following. 

Phase I: 1981-83. a. Arrange for policy makers from the research, exten­
sion and development agencies of Madhya Pradesh, Maharashtra, Andhra Pradesh, 
Gujarat,:Karnataka, and Tamil Nadu to visit ICRISAT and ICAR centers and their 
operational 'on-farm research projects in Medak district and elsewhere. A 1-3 
day visit in July to September for a group of 5-10 persons from each State is 
suggested. . . 

b. Select five typical Vertisol areas in the dependable rainfall regions 
~>750 mm/yr) of Madhya Pradesh, Maharashtra, ~ndhra Pradesh, and Gujarat 
and, set up operational-scale research projects of 10-30 ha size in each 
region. 

c. Test, evaluate, and modify the technology, and study the feasibility of 
its use. This should not take more than 2 years. 

d. Use the operational project sites for training' extension workers, soil 
conservationists, and farmers by encouraging frequent visits to the sites. 
ICRISAT can assist in a training program organized jointly with the All 
India Coordinated Research Project for Dryland Agriculture. 

Phase II: 1983-86. a. Develop a conceptual framework for the transfer of 
technology on pilot projects of about 10,000 ha each, preferably in the depend­
able rainfall areas of Madhya Pradesh, Maharashtra, Andhra Pradesh and Gujarat. 

b. Identify staff for the implementation of the project and arrange for their 
training on the operational sites. 

c. Identify collaborative villages and farmers, and develop watershed layout 
plans after surveying their land. 

d. Prepare this land, using the graded broadbed-and-furrow system. 

e. Develop cropping plans for each farm holding and arrange credit and supplies 
(fertilizer, seeds, etc.) including access to the wheeled tool carrier, a ' 
simpler version of the Tropicultor, or a seed~cum-fertilizer drill. 

f. Implement the cropping system most suited to the needs of the farmers, 
involving the growing 01 varieties with high-yield potential under rainfed 
conditions. 

g. Use these project sites for demonstration purposes. Arrange visits by 
other farmers to facilitate the exchange of knowledge and experience. 

h. Extend the program to other areas. 

," 

, 

'-I' 

jmenustik
Rectangle



,-

5 

Dr. Kanwar identified the following research problems that deserve high 
pri ority. 

1. The technology for shallow and medium black soils that have low 
moisture-storage capacities has not yet been satisfactorily 
developed. It therefore needs further study. Likewise, for the 
red soHs (Alfisols) that often occur in the same regions as 
black soils, the land development system needs further improve­
ment. 

2. The harvesting of water, and its reuse, needs more critical eva1ua­
tion. Particular consideration should be given to the problem of 
sharing harvested water and to the development of techniques for 
reducing seepage of stored water from tanks. 

3. The loss of nitrogen in the soil, and the efficient use of 
nitrogenous ,fertilizers. 

4. The development of an efficient and economical weed management system. 
5. The development of a seed-cum-fertilizer drill that permits the 

operator to place seeds and fertilizer with precision at varying 
depths according to soil moisture. 

6. The Tropicultor or wheeled tool carrier and other similar 
implements should be tested under farm conditions so as to 
make them more suitable for farmers' needs. 

7. Developing more productive cropping systems for dry areas. 

The Chairman invited oomments on the 7-point technology suggested by 
Dr. Kanwar. The participants generally accepted the watershed approach. 
Some doubts were also expressed with regard to the usefulness of farm ponds. 
Dr. Ryan pointed out that runoff on black soils is less than that from red 
soils. Therefore, water harvesting would be more attractive in red soil than 
in black soil areas. In answer to a question from Dr. Owarkinath, Dr. Kanwar 

- explained that the available technology was capable of producing two crops in 
high-rainfall deep black soil areas, whereas, in the case of low rainfall and 
medium and shallow soil areas, improved technology based on raising a single 
crop and obtaining a high level of production was available. Dr. Vidyarthi 
and Shri Dubhashi asked that the constraints in adopting the proposed tech­
nology by farmers should be dealt with in detail. 

Dr. N.S. Randhawa, leAR, traced the history of research work on black 
soils and observed that, in the past, significant headway could not be made 
mainly due to lack of appropriate biological material. He said that, out of 
the 23 dryland researc1 centers functioning from 1970-71, eight were located 
in black soil regions, with low-, medium- and high-rainfall patterns. He made 
particular reference to the research work done at the Bellary and Indore dryland 
research centers. In comparison with an average rainfall of 510 mm/yr, Bellary 
received only 310 mm of rainfall during 1980-81. Fortunately, even with this 
meager rainfall, 25% of any watershed could be given life-saving irrigation. 
Graded bunds with grassed waterways on small watersheds of 8-10 ha had proved 
very useful there. At Indore, with the adoption of new technology, cropping 
intensity was increased for kharif crops and the increase in yield was 3-4 fold. 
Cotton is not a paying crop on these soils. Dr. Randhawa suggested that (a) the 

! 
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watershed approach should be adopted even if it demanded redistribution of 
land and the consolidation of holdings; (b) in areas where tanks have silted 
efforts shoul.d-be-made to improve, desilt, and maintain them; and (c) the 
growing of such'crops as sorghum, beans, and safflower, and agroforestry 
practices, must be encouraged. Dr. Randhawa said that ICAR had decided to 
conduct National demonstrations in dryland areas of black soil regions. He 
stressed that dryland farmers must be provided with technical and financial 
assi-stance. He called ,for ,a bold pol icy by the Government. He pointed out 
that jrrigation'projects cost an investment of Rs.10,000 to Rs.30,000 per 
hectare for which farmers do not pay at all. But in dryland areas such assis­
tance is not provided even for constructing farm ponds. He said that the cost 
of develo"pment in dryland areas was only Rs.6000 to Rs.7000 per hectare. The 
proposition ,is attractive enough to justify Government investment. 

Dr. J. VenkateswarZu, All India Coordinated Research Project for Dryland 
Agricu1ture, Hyderabad, high1ighted the results obtained at eight research 
centers located in Vertisol areas. He was of the opinion that the yield level 
from these areas could be increased from 0.5 tonne/ha to 3-4 tonnes/ha. How­
ever, he cautioned-that'we should not aim at such a big jump but increase 
productivity"step by step. He strongly supported the watershed approach for 
the development of these areas. Dr. Venkateswarlu suggested that the Govern­
ment should open seed banks, and that some pilot projects with water harvest­
ing structures should be undertaken to demonstrate the usefulness of the 
technology that has been evolved by the ICRISAT and the ICAR Research Centers. 
The need for establishing such development projects was strongly recommended 
by the other participants as well. 

Dr. G.P: VePma outlined his experience with the integrated multidisci- ~ 
plinary approach adopted for managing black soils at Indore under the Indo-UK 
Dry Farming Project. He observed that they laid stress on the watershed 
approach and, 'consequently, on (a) land and water management, (b) the cropping v 

program, (c) farm machinery and implements, (d) livestock improvement. The 
results reported were encouraging. As a result of these efforts the area under 
kharif as well as rabi crops had increased significantly. Besides an increase 
in the intensity of cropping, they were able to achieve hlgher production and 
productivity per hectare. The income of farmers had increased considerably. 
The new technology'was most suited to small farmers, who derived higher benefits 
than big farmers. 

During 'detailed discussions Dr. R.L. Pathak referred to the watershed 
d~velopment work undertaken in his State. He pointed out that encouraging 
results have been obtained by adopting dry farming practices. Shri Rampur 
and Shri Dixit also expressed their support for the watershed approach. Shri 
Venkataram~ wanted the work to be taken up on a pilot-project basis. 

Dr. BhumbZa said that the watershed concept is a must for rainfed areas. 
It is necessary ,to identify what an individual farmer is required to do, and 
what work should be done on a community basis. He was of the opinion that the 
cost of drainage should be borne by the Government. He believed that water 
harvesting should_be developed in the Saurashtra region of Gujarat for,groundnut 
cultivation., Dr. Bhumbla observed that all watershed areas need not be cultivable 
and, therefore, that agroforestry should also be encouraged, to provide fuel and 
fodder and to improve the fertility of the soil. Dr. Vidyarthi suggested that 
some reasonably priced and effective seed-cum-fertilizer drill should be developed. 

" 
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Summing up the discussions, Dr. D.P. Gautam, ICAR, suggested that the new 
technology for the development of deep black soils should first be tried on a 
pilot basis· under development programs, and that Central and State Agricultural 
Departments should take up this program. The Government should find funds for 
implementing the said projects on a priority basis, because these projects were 
greatly needed for the development of Vertisol regions. He pinpointed various 
components of the new technology, such as the bed-on-flat and grade-on-flat 
systems of soil and water conservation, management of runoff water, the use of 
short-duration high-yielding and drought-resistant varieties for ensuring 
double cropping and intercropping, etc. He suggested that agroforestry should 
also be tried within the system. 

The Chairman observed that the Department of Agriculture and Cooperation 
must have no difficulty in funding operational research projects to be imple­
mented by State Departments of Agriculture to evolve a suitable technology·for 
black soil areas. He agreed that the concerned officers from the State Govern­
ments and Government of India must visit the ICAR and ICRISAT Centers, to 
obtain first-hand knowledge. He believed that, with such followup action, in 
the nex~ 3-4 years we may be able to make impressive achievements ·in the 
production of cereals, pulses, and oilseeds in these areas. 

Rao Birendra Singh, Minister, joined the discussions in the late afternoon. 
The Chairman informed him of the progress so far made in the Seminar. The 
Minister, in his valedictory address, remarked that in order to avoid overlapp­
ing of efforts we need coordination between such institutions as ICAR, ICRISAT, 
and Departments of Agriculture. He was well aware of the problems of dryland 
areas, and sought their early solution. He was pleased that the Seminar had 
been organized and observed that it constituted a move in the right direction. 
Such seminars should be organized more often in order to achieve better coordi­
nation between various research and development organizations. He remarked that 
if the ICRISAT technology could promise to give a rate of return of 250% on the 
additional annual expenditure of about Rs.12DO/ha over present traditional levels 
of cost, it should be tried on farmers' fields. He mentioned that the Government 
could give loans and grants to encourage the farmers. He believed that loans 
could be repaid quickly if the profits reaped were significant. He sought an 
early transformation in the life of the farmers. He asked that effective measures 
should be taken to overcome the problems of drainage, erosion, and residual 
moisture management. He suggested that attention should be given to affore­
station and pasture development on the marginal and submarginal lands in the 
regions. 

Dr. SWindale explained to the Minister the part that ICRISAT hoped to play 
in the watershed approach being recommended by them, and suggested that the new 
technology needs on-farm verification. 

The Chairman thanked the Minister and all participants for attending this 
Seminar. Dr. Gautam thanked the Government of India on behalf of ICAR and ICRISAT 

~ for organizing such a useful Seminar. He also thanked the Chairman on behalf"of 
the participants for so ably conducting the Seminar on such a complicated subject. 
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DISTRIBUTION AND PROPERTIES OF VERTISOLS AND ASSOCIATED SOILS 

R.S. Murthy, ICAR 

INTRODUCTION 

"Vertisol" is one of the ten Orders in soil taxonomy. The formative element 
"vert" is derived from the Latin word "verto" meaning turn on invert. Inversion 
takes place in the soil because of the cracking that is a unique feature of the 
Vertisols, or deep -black soils. Associated with the Vertisols are Inceptisols 
and Entisols, described as medium deep and shallow black soils. It is to be 
noted that, because Vertisols are necessarily deep, i"t is not appropriate to 
qualify them as "deep", or "shallow". If bla,ck soils are shallow, they cannot 
be classified as Vertisols. 

DISTRIBUTION 

Vertisols and associated soils occur in peninsular India between 8°45' and 
26°0' N latitude, and 66°0' and 83°45'E longitude, covering an area of about 
72.9 million ha. This hectarage constitutes roughly 22.2% of the total geo­
graphical area of the country. The map given on page 22 shows the distribution 
of Vertisols and associated soils. Table 1 lists the constituent 39 classifi­
cation units that-apply, and Table 2 gives distribution data by States, and 
for the country as a whole. As indicated, soils of this group are found in the 
States of Maharashtra, Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka, 
Tamil Nadu, Rajasthan, Orissa, Bihar, and Uttar Pradesh. 

Table 2. Vertisols and associated soils: distribution 

State 

Maharashtra 
Madhya Pradesh 
Gujarat 
Andhra Pradesh 
Karnataka 
Tamil Nadu 
Raj asthan 
Orissa 
Bihar 
Uttar Pradesh 

Total area 
under Verti­
sols and 
associated 
soil s 

(m.ha) 

29.9 
16.7 
8.2 
7.2 
6.9 
3.2 
2.3 
1.3 
0.7 

Negligible 

Area under Vertisols and associated soils 
expressed as 

% of gross % of total 
Vertisols geographical 
area in area in India-
India 

35.5 
23.0 
11. 9 
10.0 

9.4 
4.2 
3.0 
2.0 
1.0 

Negligible 

7.9 
5.1 
2.6 
2.2 
2.1 
1.0 
0.7 
0.4 
0.2 

Negligible 
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Table 1. Vertisols and associated soils in India: classification units. 
(Source: National Bureau of Soil Survey and Land Use Planning (ICAR), 
Nagpur. ) 

1 Typic Ustorthents-Vertic Ustropepts 
2 Vertic Ustochrepts-Typic Ustorthents 
3 Vertic Ustropepts-Typic Ustorthents 
4 Typic Chromusterts-Vertic Ustropepts-Typic Ustifluvents 
5 Vertic Ustropepts-Typic Chromusterts 
6 Vertic Ustochrepts-Typic Chromusterts~Typic Ustorthents 
7 Typi,c Chromusterts~ Verti c Ustochrepts 
8 Typic Ustorthents-Vertic Ustochrepts 
9 Typic Chromusterts-Vertic Ustropepts 

10 Typic £hromusterts-Typic Pellusterts 
11 Vertic Ustochrepts-Typic Chromusterts-Typic Ustifluvents 
12 Vertic Hoploquepts-Typic Ustifluvents-Typic Chromusterts (saline phase) 
13 Typic Pellusterts 
14 Vertic Halaquepts-Typic Salorthids 
15 Vertic Ustochrepts~Typic Chromusterts 
16 Vertic Ustochrepts-Typic ,Chromusterts-Vertic Haplustalfs 
17 Typic Chromusterts-Vertic Ustochrepts-Typic Ustifluvents 
18 Typic Ustorthents-Vertic ,Ustropepts-Typic Chromusterts 
19 Fluventic Ustochrepts-Vertic Ustochrepts-Typic Chromusterts 
20 Vertic Ustropepts-Typic Pellusterts 
21 Typic Pellusterts-Vertic Ustrochpepts 
22 Typic Ustorthents-Vertic Ustochrepts-Typic Chromusterts 
23 Vertic Halaquepts-Vertic Haplaquepts 
24 Vert,i c Ustochrepts-Typi c Ustorthents-Typi c Chromusterts 
25 Typic Pellusterts-Vertic Halaquepts-Vertic Tropaquepts 
26 Verti c Us,tochrepts~ Fl uventi c Ustochrepts 
27 Typic Chromusterts-Vertic Ustochrepts-Typic Ustorthents 
28 Fluventic Ustochrepts-Typic Chromusterts 
29 Vertic Ustochrepts-Typic Ustifluvents-Typic Chromusterts 
30 Vertic 'Ustochrepts-Typic Ustifluvents-Typic Ustorthents 
31 Vertic Haplaquepts-Vertic Ustochrepts 
32 Typic Chromusterts-Vertic Ustochrepts-Fluventic Ustochrepts 
33 Vertic Ustochrepts-Typic Ustochrepts 
34 Typic Chromusterts~Vertic Halaquepts 
35 Vertic 'Ustochrepts-Typic Chromusterts-Vertic Halaquepts 
36 Vertic Ustochrepts-Vertic Haplustalfs-Typic Chromusterts 
37 Typic Chromusterts-Typic Pellusterts-Vertic Ustropepts 
38 Typic~Chr.o~usterts-Typic Ustochrepts-Fluventic Ustochrepts 
39 TYpic Chromusterts-Vertic Halaquepts-Fluventic Ustochrepts 

Note. For detailed information on the distribution of these soils readers 
are referred to the Bur.eau's map Vertisols and Associated Soils in 
India (no date). 
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It will be noted that Maharashtra and Madhya Pradesh share a major portion 
of the Vertisols and their associates, accounting for 7.9 and 5.1% of the 
country's land area, respectively. . 

GEOMORPHIC SETTING AND SOIL TAXONOMIC UNITS 

The major geomorphic units and their relation to soil distribution are 
presented in Table 3. 

Table 3. Vertisols and associated soils: geomorphic units (subgroup level). 

Major 1 andforms 

Plateau, mesas, pediments, piedmont 

Plateau, piedmont, valley-bottom 

Plateau, pediment, valley-bottom 

Piedmont, intervening basin, floodplain 

Plateau, piedmont, valley-bottom, 
floodplain 

Plateau, piedmont, intervening basin, 
floodplain 

Floodplain, valley-bottom 

Escarpment, mesas, buttes, plateau, 
pediment, intervening basin 

Pediment, piedmont, valley-bottom 

Soil units (subgroup) 

Typic Ustorthents­
Vertic Ustropepts 

Vertic Ustochrepts­
Typic Ustorthents 

Vertic Ustropepts­
Typic Ustorthents 

Typic Chromusterts­
Vertic Ustropepts 
Typic Ustifluvents 

Vertic Ustropepts­
Typic Chromusterts 

Vertic Ustochrepts­
Typic Chromusterts­
Typic Ustorthents 

I 

Typic Chromusterts­
Vertic Ustochrepts 

Typic Ustorthents­
Vertic Ustochrepts 

Typic Chromusterts­
Vertic Ustropepts 

Typic Ustorthents and Vertic subgroups of Ustropepts and Ustochrepts 
dominantly occur on plateaux, pediments, and piedmonts, covering 20.5% of 
the black soil area as a whole. Associations (a) of Vertic subgroups of 
Ustropepts, Ustochrepts, and Typic subgroups of Pellusterts/Chromusterts 
and their associates, (b) Vertic subgroups of Ustropepts/Ustochrepts, 
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(cl TypicUs.torthents and assoc;,ates of Typic Pe11usterts and (d) Typic 
Chromusterts" occupy the plateaux, piedmonts, intervening basins, floodplains, 
and valleY7bottom5 to the extent of 13.9, 12.6, 12.4 and 5.5% of the black soil 
area, respectively. The rest 6f the black soils are classified as associations 
of Vertisol's and Verti c subgroups of Hal aquepts/Hap 1 aquepts and Tropaquepts, 
the saline ,phase of Vertisols, Typic subgroups of Ustifluvents and of Salorthids 
in 'the 10w-1ying areas al,ong the coast and in deltaic plains'in Tamil Nadu, 
Andhra pr.adesh, and Gujarat. 

" , 

Delt~s, floodplains and intervening basins with Typic Pellusterts 
constitute~he-major black soil area in Tamil Nadu, accounting for 7.6% 
of the l'ana'area: Pediment-piedmont plains and valley bottoms, with 
associations of Vertic Ustropepts and Typic Pellusterts, rank next (at 6.7%). 
The coastal area in the same State, with associations of Typic Pellusterts, 
Vertic Halaquepts, and Vertic Tropaquepts, comprise nearly 3.5% of the total 
black soil ar.ea in the State, while the elements of eroded landforms consti­
tute about 3.1% having a' soi1scape of Typic Ustorthents and Vertic Ustropepts. 

In Karnataka it is observed that the pediment-piedmont plain, merging 
to an old floodplain, comprises associations of Typic Chromusterts and Vertic 
Ustropepts (17.6%) while gently sloping plateaux, pediments, and scrap faces, 
with Typic Ustorthents and Vertic Ustropept associations, total to 10.9%. The 
lower piedmont, gradually merging to floodplain, covers limited areas (2.4%) 
under Typic,Pellusterts. Intervening shallow basins, together with floodplains 
with Typic Chromusterts and Typic Pellusterts, occupy 9.1% of Andhra Pradesh. 
Other soils occurring in the lower delta of the Godavari and Krishna rivers, 
and the coastal plain, comprise associations of saline phases of Typic 
Chromusterts, Vertic Haplaquepts, and Typic Ustifluvents (5.8%). 

In Maharashtra such landforms as mesas, buttes, escarpments, and gently 
rolling to level plateaux, with Typic Ustorthents and Vertic Ustropepts, and 
Vertic Ustropepts and Typic Ustorthents occupy 31.5 and 17.3% of the total 
black soil area. Similar landscapes and black soil associations also occur 
in Madhya Pradesh and Gujarat: 

In can, be gerrera 11y concl uded that Verti sol s, with subgroups of Typi c 
Chromustert,s or Typic Pellusterts in association with Vertic subgroups of 
Ustropepts or Ustochrepts, are confined to lower piedmont plains and floodplains 
in almost all tne States listed in Table 2, while Vertic subgroups of Ustropepts 
and Ustochrepts form the main soils on pediments and upper piedmont plains. The 
extensive and flat areas of dark heavy soil in Saurashtra of Gujarat State, 
popularly known as "bhal", consist of Typic Chromusterts and Vertic l1alaquepts. 
The coastal plain a18ny the Gulf of Cambay contains an association of Vertic 
Halaquepts and Vertic Haplaquepts, and an association of Typic Salorthids and 
Vertic Halaquepts, covering 3.4 and 7.8% respectively. 

MORPHOLOGY 

Vertisols 'and soils of Vertic subgroups have certain unusual morphological 
features in cQmparison with other soils. These are broadly indicated in Table 4. 



t' 

Table 4. Vertisols and associated soils: morphological characteristics. 

Hori zon Color Texture Structure Special features Width of cracks Remarks 
(cm) 

T. Chromusterts/T.Pellusterts 

Ap/All-A12 lOYR 3/2, 4/2 C Sbk-Abk 2-5 Gilgai 
1 ime + 

lOYR 2/1, 3/1 C Intersecting 
Slickensides 

A13-A14 -do- C Abk -do- 1.5-2 1 ime + 
AC lOYR 3/4, 4/4 9C-C Sbk-Abk Massive/Blocky 0.5-1 -do-
C lOYR 4/4, 5/4 9C-C -do- -do- -do-

~ 

w 
V. Ustochre~ts/V. Ustroee~ts 

Ap/Al 10YR 4/3, 5/2 Sc l-cl Sbk Prismatic 2-2.5 1 ime + 
Bl/B2 lOYR 4/3, 3/3 cl-c Sbk-Abk -do- 1.5-0.5 -do-
B3 lOYR 6/3, 3/2 gcl~c -do- Slickensides -do-
C lOYR 7/6, 4/4 'gl-gscl -do-
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A Vertisol profile is characterized by a cyclic or intermittent Al 
horizon of" varying thickness with microknolls and microdepressions of 
gilgai relief within the pedon. This grades to the C horizon through a 
transitionaTY AC horizon. The associated,soils of Vertic subgroups may 
have ABC profiles and the thickness of the horizons is uniform within 
the pedon., The,Al horizon in Vertisols is normally very thick and consists 
of 2 or 3 subhorizons differing from each other in color, pedality, and ' 
consistency. The AC horizon between Al and C shows interdigitating 
tongues' of A and C horizons, but in' some cases the AC hori zon may be 
missing. Vertisols invariably have wide and deep shrinkage cracks and 
gi]g9i microrelief on the surface that changes with variations in the 
soil moisture regime. The cracks, however, remain open depending on the 
accretion and reauction'of soil moisture by evapotranspiration. 

These'cracks normally remain open for more than 150 days and, in 
certain places, for 90-150 days in most years. In some soils open cracks 
remain covered by a' 2-3 cm thick very dark gray pulverized mulch layer, 
while in others the covering is absent. Soils of Vertic subgroups 
generally have' shrinkage cracks on the surface that extend through depth. 

'Although they show no gilgai' formation as such, at some loc9tions the weak 
development of gilgai microrelief can be observed. 

The structural development of the upper 40 cm, including the All and 
A12 horizon, is generally prismatic, separating to subangular to angular 
blocky peds with shiny pressure faces. Shear planes 'are distributed from 
30 cm depth down to 1.3-1.8 m. Such inclined shear planes are observed in 
A13, A14, and AC horizons, extending up to 1.6 m deep, or even more at 
some locations. These shear planes develop unique pedality, showing prolet 
dispheric intersecting slickensides in the upper part, forming parallelepipeds 
wi~h long axes tilted 30-60° from the horizontal at depth. These compact 
compound structural aggregates separate to angu].ar blocky peds with shi ny 
pressure faces. Calcium carbonate is either absent in Al and Ac horizons, or 
it is distributed irregularly throughout as a powdery or indurated nodular 
mass. In associated soils of Vertic 'subgroups, conspicuously enough the 
intersecting slickensides are absent. ' 

The color of the Al horizon is dominantly 10 YR and 2.5 Y in hue with 
a value 3 un'i ts hi gher when moi stand 1 or 2 units hi gher when dry. The 
chroma in- Pellusterts is less than 1.5, and in Chromusterts normally ranges 
between 2 and 3. -The color is related ,to depth, compactness, and drainage 
conditions. Subsoil layers in low-lying situations have mottles with chroma of 
1 or less ..... T~e P.C horizon, as compared with Al, is somewhat lighter. Where' 
the hue remains the'same,' value and chroma may differ widely. Normally the AC 
horizon shows a mottled color due to interdigitating tongues within the horizon, 
or to the 'presence of hydromorphic properties caused by low-saturated hydraulic 
conductivity. 

The color of the C horizon depends on the nature of the parent material 
and the degree of weathering. Mottled color patterns reflect the wetness and 
poor drainage. At 'places the:intensity of haploidization may lead to the 
formation. Of s'lickensides that separate into angular blocky peds. 

jmenustik
Rectangle
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PHYSICAL AND CHEMICAL PROPERTIES 

Data on physical and chemical properties are presented in Table 5. 

The texture in Vertisols is generally clay loam, silty clay loam, 
silty 'clay, and clay. The clay content ranges from 40% to 60%, occasionally, 
rising to as high as 80%. The organic carbon content remains low ranging 
from 0.3% to 0.7%. 

The pH is related to the nature of the parent material, climate, and 
topography. Normally it rang~s from 7.5 to 8.6 and, where there are signs 
of sodicity, from 9.0 to 9.5. Increasing trends in pH are observed in low­
lying situations in arid, semi-arid and dry subhumid areas caused by an 
increase in CaC03 and salt in subsoil layers. 

The bulk density is usually high in Vertisols: 1.5 to l.8 g/cc. It 
may reach higher figures, 2.05 to 2.1 having been observed in some pedons. 

The cation exchange capacity ranges from 35 to 50 me/100g. It is high 
where the fine c'lay fraction is high. 

Among other properties mention may be made of the high liquid limit, 
the high plasticity index (COLE value more than 0.09), the high activity 
number (A), the high vol ume shrinkage '(more than or equal to 50%) and the 
high POLE number. The Vertic subgroups have similar values in those horizons 
that have Vertisol characteristics. 

MINERALOGY 

Varying rainfall and topography have a direct bearing on the development 
and mineralogy of Vertisols in basaltic terrain. High annual rainfall and 
strongly expressed wet and dry seasons give rise to soils with high kaolinite 
and low smectite contents. Semi-arid and subhumid climates with strongly 
alternating wet and dry seasons give rise to smectite-rich clays. The Si02/R203 
ratio in Vertisols ranges from 2.89 to 3.79. In environments saturated with 
divalent cations, basic schistose rocks having readily weatherable ferro­
magnesium minerals alter to smectite. 



Table 5. Vertisol~ and associated soils: physical and-chemical properties. 

Horizon Clay CEC pH Bulk density COLE 
(%) . (me/l00g) (1 : 2 water) (glee) (mean) 

Typic Chromusterts 

Ap/All 43-73 35-7b 8.2-8.6 1.6-1.8 0.12 
A12 42-64 35~62 8.1-8.6 1. 5-1. 9 0.12 
Al3 49-74 35-65 8.1-8.4 1.7-2.0 0.15 
A14 40-76 35-60 8.1-8.6 1.9-2.0 0.14 
AC 52-71 35-65 8.1-8.7 .1.8-2.0 0.12 
C 31-64 35-55 8.2-8.7 1.6-1.9 0.11 

T~pic Pellusterts 
Api All 40-68 25-50 8.0-9.0 N.A. 0.10 
A12 45-70 25-65 8.0-9.2 -do- -do-
A13 48-72 30-60 8.0-9.6 -do- -do-
A14 45-65 35-60 8.0-9.3 -do- -do- ~ 

en 
AC 35-65 30-65 8.0-9.3 -do- -do-
C ·35-60 20-55 7.8-9.1 -do- -do-

Vertic Ustochrepts 
Ap/Al 20-55 20-60 7.5-8.2 1. 3-1 .7 
Bl 33-55 25-65 7.7-8.6 i .3-1. 6 
B2 40-55 35-65 7.6-8.7 1.5-1.7 
B3 25-40 28-218 7.6-8.7 1.4-1.7 

Vertic Ustropepts 
Ap/All 30-55 30-55 7.1-7.9 1. 3-1. 7 0.08 
82 35-65 32-60 7.1-8.0 1.4-1 .6 0.10 
83 26-45 25-45 7.5-8.1 1. 3-1 .5 0.08 
C 15-30 10-20 7.3-8.2 1.2-1.4 0.07 
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AN OVERVIEW OF ICRISAT'S RESEARCH ON THE MANAGEMENT 
OF DEEP BLACK SOILS 

L.D. Swindale, ICRISAT 

Dr. Murthy has described to us the properties and distribution of the Vertisols 
of India. But these soils are not confined to the subcontinent; they also occur 
in large areas in northern Australia, Sudan, and Ethiopia. They occur in smaller 
areas throughout sub-Saharan Africa, particularly in Chad, in Tanzania south of 
Lake Victoria, and elsewhere in east and central Africa. Smaller areas of these 
soils occur in Mexico, and central America, in Venezuela, in Boli v:i a , and Paraguay. 

There are two major groupings of these soils, the one called Chromusterts 
and the other called Pellusterts. Chromusterts are the most extensive; they 
tend to occur in slightly better drained conditions than the Pellusterts with 
which they are usually contiguous. The soils at ICRISAT are Pellusterts. It is 
worth noting that large areas of Chromusterts occur in arid areas outside the 
semi-arid tropics, particularly in Sudan. Although the regions in which they 
occur are ari d". these soi 1 s, because of their better water-holding capaci ty, 
appear to be semi-arid, and crops can be grown on them whenever there is enough 
water to fill the soil profile. 

My point in describing the global distribution of these soils is to 
remind us of the international status of ICRISAT. We hope that the tech­
nologies we are developing for use on these soils in India will also be 
useful in Sudan, Ethiopia, Chad, and other developing countries. 

We do not know how well Vertisols in these countries will respond to the 
applicaHon of the technology we will be discussing today. We dO'not know in 
any detail the rainfall distribution across the vast areas of these soils 
which lie in remote areas. We do not know much about the socioeconomic and 
institutional constraints that new technology would encounter. 

We can expect, if the technology proves useful in India, that represen­
tatives from these other countries will be interested in knowing about it and 
in coming to visit the:·.scene· i'n due 'COUrse. 

Let me now provide some information about the background to today's 
meeting as we in ICRISAT understand it. The Governing Board of our Institute 
has a subcommittee known as the Technology Transfer Committee. It examines 
new technologies developed by the Institute's scientists and recommends to 
the Board·those that appear ready for dissemination. In March 1980 the Tech­
nology Transfer Committee discussed the .results of 7 years of work on farming 
systems. The discussion paper was the pr~decessor to the paper by Binswanger, 
Virmani and Kampen, entitled "Farming Systems Components for Selected Areas in 
India: Evidence from ICRISAT"l which has been included in the papers presented 

lICRISAT's Research Bulletin No.1, 1980. 
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to you. As a result of this discussion the Committee reported to the Govern­
ing Board. that the strongest case for transfer was undoubtedly with the 
technology· for deep and medium-deep black soils. It is suggested that pilot 
studi es mi ght be undertaken. . 

The Governing Board of ICRISAT acted upon the subcommittee's report 
by proposing that a seminar be developed with top-level policy makers in 
India to acquaint them with this technology. Dr. Swaminathan, who was at 
that time the SecretarY'of Agriculture and Cooperation, and who proposed 
that the seminar be held, suggested that the Government· and the ICAR might 
cosponsor it. In the Board's discussion it was clarified that ICRISAT 
would not·itself undertake pilot stud·ies, .but would assist and support 
nationa.l programs that. did. Dr. Gautam pointed out the vital role of the 
national· programs in the transfer of technology from the international 
centers. 

In accordanee with the Board's resolution, I wrote to the Minister of 
Agricultur-e-informing him that ICRISAT was of the view that technology for 
the rainy 'season cropping of the rainfed deep black soils of central India 
merited examination by top-level policy makers in a l-day seminar to be 
sponsored by the ,Government and the ICAR. After further discussion with 
Mr. Puri and Dr. Gautam, it was agreed to hold the meeting here today. We 
are very pleased to be here to share with ICAR the task of bringing you up 
to date with technologies that hold much promise for increasing the cropping 
intensities in rainfed farming. 

ICRISAT will concentrate its presentation on the Vertisols in what we 
define as "dependable rainfall zones." The Binswanger, Virmani and Kampen 
Bulletin to which I have made already reference also discusses farming 
systems components for other. areas as well. -We would be pleased to,'discuss 
these with you at another time or when next you visit ICRISAT. And let me 
stress the importance we attach to your visiting ICRISAT. 

I do not doubt that there will be questions raised today that would 
not need to be raised were you able to be out in the fields at ICRISAT 
watching the watersheds perform. 'People with your experience can appreciate 
and understand a lot at-a glance, making extra words on 'explanations un­
necessary. The month of May is however not the time. It is much too hot 
and dry. In July, August or September, we hope you will come to see for 
yourselves. We think it is important for you to do so. We can assure for 
you a friendly and enthusiastic welcome, and· we believe that you will 
become enthusiastic about what you see. 

Our donors have given ICRISAT'a'mandate to emphasize technology for 
small farmers working with limited inputs in the rainfed areas of the semi­
arid troprcs; We .accept that mandate and- design our research accordingly. 
This means that we emphasize applied and rather practical 'research, and 
research to understand the technical, social, and economic constraints faced 
by farmers. In our research we endeavor to develop new technologies and 
ideas that will lead the small farmer into the future, but will be within his 
reach; appropriate technology in the positive, forward-looking meaning of 
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that phrase. The normal research approach to the small farmer is through 
technologica1 components that are .technical1y neutral to scale, i.e., that 
can be adopted by small farmers as well as large. Seed, manufactured inputs, 
and new implements are of this type. But technical neutrality to scale is 
not sufficient, if credit institutions and supporting services are biased 
towards the larger farmer. Even if the institutions are not biased., any 
technology that includes soil and water conservation measures which require 
cooperation among farmers is not neutral to scale. Furthermore, small 
farmers appear to require.larger benefit-to-cost ratios. to take the risks 
involved in accepting new technologies ... Eor anyone or combination of these 
reasons, extra efforts are needed to ensure that the small farmer is the 
beneficiary of new technology. 

A research focus on the problems of semi-arid·tropical agriculture 
particularly on rainfed agriculture and low-input farming by small farmers 
is relatively new even in I'ndia. Drs. Randhawa and Venkateswarlu, in a 
paper given at a symposium on "Development and Transfer of Technology for 
Rainfed Agriculture' and the SAT Farmer" held at ICRISAT in 1979', said that 
the earliest work was started in 1933 and lasted for about .. 10 years. Soil 
conservation research centers were started in the mid 1950s. The All India 
Coordinated Research Program on 'Dryland Agriculture commenced in'1970. 
Unlike irrigated agriculture, dryland farming may not show dramatic gains; 
the technology developed may take a painfully slow journey from iab to land. 
No simple; single answer can be found for the problems of farmers in the 
semi-arid tropics, and no single package of technology can be developed to 
apply to all areas in the semi-arid tropics. Indeed we fully recognize that 
several technologies differing in details'can be successful and exist side 
by side within a single region in the semi-arid tropics . 

The technology that we will describe to you has'been developed at 
ICRISAT with. advice and'assistance from scientists'of ICAR, of the Agricul­
tural Universities, and from many other people. It is low-input, bullock­
drawn technology, within reach of 'the small farmer in the rainfed semi-arid 
tropics. It is in line with national goals to give greater emphasis to 
rainfed agriculture to reduce disparities of income between rainfed and 
i rri gated' ·areas. It is a technology that wi 11 create employment and is, 
therefore, socially relevant. 

Like the programs for the drought-prone areas, it is based upon the 
concept of the watershed as the basic resource management unit. But it is 
not really a technology for the drought-prone areas, which' generally lie 
outside the region in which the technology should work best. Nevertheless 
this region, too, is Subject to drought; about 1 year in 5 according to our 
calculations. V. Subramaniam in the book "Parched Earth: The Maharashtra 
Drought 1970-73" described how few crops survived to harvest in Marathwada 
in 1972-73: Part of Marathwada is suited to the new technology. The crops 
at ICRISAT did survive to harvest in 1973 without irrigation on these soils 
and in 1979 and again in 1980. They also survived in the wet years of 1975 
and 1978. This record of double cropping the deep black soils for 7 years 
without loss through drought years and floods is really the best reason 
that I can give you for asking the Secretary to ask you to come here today. 
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We do not believe that ,this technology is without fault or weakness. 
We do not believe that it is yet ready for large~scale adoption. We do 
believe that it holds sufficient promise to be worth trying' in local 
demonstration projects like the one that the Andhra Pradesh Department of 
Agriculture is undertaking in Medak District, or in larger part-research, 
part-demonstration pilot projects; like the Indo-UK Project at Indore, 
where similar conclusions to ours on the possibilities for double cropping 
have, been obtained. We hope that following this meeting, and subsequent 
visits to ICRISAT.~ you will be interested in'trying out demonstrations and 
pilot prQj.ects of your own; working 'with the small farmer in a management 
partnership as the Minister of Agriculture Rao Birendra Singh has advo­
cated. The small farmer is much preoccupied by'dr,9u9ht. He plans for the 
bad year. If he can be persuaded even'to plan for the average year, let 
alone the good year, he and the Nation, ,wi 11 benefit. 

Let me close by quoting from the Keynote address by Sir John Crawford 
at the Golden Jubilee Symposium of I CAR'. Sir John is a great believer in the 
importance and value of agricultural research, a great believer in the work 
of ICRISAT, and was a great believer in the 1960s that an agricultural miracle 
could be performed, as it has been, in India. He said, "There is no way that 
research can be translated into productive action at the farm 'level, except 
vi a nati ona 1 or macro-pol i ci es and mi cro, that is, 1 oca ny adapted pol i ci es 
and programs which make that translation possible." We are pleased to be 
able to inform you about some interesting and promising research. We leave 
it to you to do what Sir John says will now be necessary. 
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PROBLEMS, PROSPECTS, AND TECHNOLOGY FOR INCREASING CEREAL AND PULSE 
PRODUCTION FROM DEEP BLACK SOILS 

S.M. Virmani, R.W. Willey, and M.S. Reddy, ICRISAT 

INTRODUCTION 

On the Indian deep black soils farmers who use the traditional far-ming system 
leave the land fallow during the rainy season and crop it only during the 
postrainy season on the residual soil moisture. In the areas of low (~750 mm/yr) 
and undependable rainfall, this system has developed because there is usually 
insufficient moisture to support both a rainy-season and a postrainy-season crop. 
And the farmer has long recognized that trying to grow a crop during the erratic 
rainfall of the rainy season is a less assured practice than trying to grow a 
postrainy-season crop on moisture that has already been safely stored in the 
soil profile. But, in the medium to high rainfall areas (750-1250 mm/yr), 
especially where rainfall is reasonably dependable, lack of moisture is not in 
itself a reason for fallowing during the rainy season. In these areas there is 
potentially enough moisture to sustain cropping throughout both the rainy and 
postrainy seasons. 

The geographi ca 1 1 ocati on of these medi urn to hi gh, dependab}e rai nfa 11 
areas is depicted in the series of maps in Figure 1. Figure la shows the 
extent of the Vertisol areas; it can be seen that these lie mainly in Maha­
rashtra, Gujarat, Rajasthan, and Uttar Pradesh. Figure lb indicates wh'i-ch Of 
the Vertis01 areas have medium to high rainfall (750-1250 mm/yr); these are 
concentrat~d in Maharashtra, Madhya Pradesh, Gujarat, and Andhra Pradesh. 
Figure lc defines the areas where rainfall is reasonably dependable, i.e., 
where there is more than a 70% probability of rain in more than half the weeks 
of the growing season (Virmani et al. 1978). The similarHy of the areas 
defined in Figure lb and Figure lc indicates that the areas of higher rainfall 
are usually also areas of dependable rainfall. 

It must be emphasized, however, that even the dependable rainfall areas 
show considerable within-season and between-season variation in the amounts 
of rainfall actually received. ICRISAT Center lies just within the dependable 
rainfall ar.ea and yet Table 1 shows the wide variation that has occurred during 
the lasto6 years. Total rainfall during the growing season has ranged from 
534 mm to 1076 mm, while during the single month of August it has varied from 
101 mm to 516 mm. 

In these medium to high, dependable rainfall areas· it is the nature of 
the soil itself that has largely resulted in the system of rainy-season fal­
lowing. The Vertisols have a high- content of montmorillonitic clay (Table 2), 
that makes them very difficult to manage. They are very hard when dry and 
extremely sticky when wet, and thus it is within only a limited range of 
moisture conditions that they can be easily cultivated. Although in some 
areas the farmer may practice deep-plowing during the dry season, he is usually 
unable to work the hard soil into a satisfactory seedbed before the arrival of 
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Figure 1b. The distribution of medium to high rainfall (750-1250 mm/yr) in the Vertisol areas of India. 
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Table l. Cropping-season rainfall (mm) at ICRISAT Center for 1975-80. 

Year June July August September October Seasonal total 

1975 98 195 139 422 173 1027 
1976 86 219 299 74 1 679 
1977 66 183 196 40 49 534 
1978 181 228 516 81 70 1076 
1979 58 107 101 344 20 630 
1980 141 127 306 153 6 733 

the rains. And, once the rains have started, the soil rapidly becomes too 
sticky for cultivation and sowing. If the rains are heavy, crop waterlogging 
may occur. Weeds are also a problem: in his traditional fallow system the 
farmer uses the brief dry periods to control weeds with his blade harrow; 
but if he tries to grow a crop during the rainy season the limited workability 
of the soil restricts his opportunity for timely we~d control. 

In addition to representing a loss' in potential cropping, the fallow has 
other disadvantages. The rainfall characteristics of these areas are such that 
there is a 'high probability of high-intensity storms causing runoff and erosion, 
and these problems are intensified by the lack of a vegetative cover to protect 
the soil. Moreover, where the traditional fallow system is used the potential 
utilization of total rainfall is limited to the moisture that can be stored 
in the soil profile for postrainy-season use. Hydrologic studies over 6 years 
at ICRISAT' have indicated that, of the total rainfall potentially available, 
approximately 25% is lost through runoff, 25% is lost through evaporation from 
the bare soil of the fallow, 9% is lost through deep percolation and only 41% 
is potentially available for postrainy-season crop growth (Table 3). By con­
trast, when crops are grown during the rainy season, runoff is reduced, on 
average, to less than 15% of the annual rainfall. 

A further characteristic of the Vertisols is that they are low in crop 
nutrients, especially nitrogen and phosphorus (Table 2). Again, the rainy­
season fallow ,system has traditionally been advantageous for the small farmer 
in that it makes relatively little demand on the soil because only one crop a 
year is grown. Also, the mineralization of nitrogen during the fallow period 
can provide an accumulation of some available nitrogen for the postrainy­
season crop. Cropping throughout both the rainy and postrainy-seasons will 
be much more demanding on soil nutrients and, in such a system, good yields 
are likely~o be sustained only with adequate input of nutrients. However, 
the potential of these double cropping systems looks extremely attractive for 
the medium to high rainfall areas. Given appropriate input of nutrients it 
has been estimated that, on the basis of rainfall, they are capable of 
sustaining total yields of 3000-5000 kg/ha compared with the 500-1000 kg/ha 
currently being attained. 



Table 2., Physical and chemical, ,Gharacteristics of a Vertisol at ICRISAT Center. 

~echanical com!:losition 
Depth COllrse Fine Silt Cl ay Field Wil ti ng Organic pH Bulk Cation Available nutrients 

sand sand capacity point carbon 1: 2. 5 density exchange N P K 
(em) (%-) (%) (%) ( %) ((:);;,) ((:)v) (%) (glee) (me/l 00 g) -------ppm----------

0-25 4.0 18.3 16.5 61 .1 .44 .28 .45 7.6 1.3 57.6 65.6 2.8 237 

25-75 6.0 17.3 14.1 62.6 .44 .28 .12 7.5 l.4 52.9 55.3 1.0 186 

(Source: Sardar Singh and Krantz 1976. ) 
N 
O"l 

,-
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Table 3. Estimated water-balance components observed in studies of the 
traditional rainy-season fallow system on Vertisols at ICRISAT. 

Water balance Year 1973-78 
component (mm) 1973-74 74-75 75-76 76-77 77-78 78-79 (%) 

Runoffa 60 210 250 210 50 410 25.3 
Deep percolation 100 15 140 20 0 160 9.2 

Evaporation (rainy-
season fallow) 

300 175 225 145 140 190 24.9 

[vapotranspiration 280 375 350 290 325 290 40.6 
(postrainy-season 
cropping) 

Rainfall 740 775 965 665 515 1050 100.0 

aWhen crops are grown during the rainy season runoff is reduced, on average, 
to less than 15% of the annual rainfall. 

THE TYPE OF FARMING SYSTEM REQUIRED FOR THE MEDIUM ~O HIGH RAINFALL AREAS 

It is evident that the farmer's basic requirement is for a system that will 
enable him to grow crops throughout both the rainy and postrainy seasons. 
It is equally evident that this will be possible only by means of a technology 
that will give him improved workability of his soils and adequate control of 
moisture. The essential components of this technology can be summarized as 
follows. 

a. Land management practices that reduce runoff and erosion, and that give 
lmproved surface drainage and better aeration and workability of the soil. 

b. Cropping systems and crop management practices that establish a crop at 
the very beginning of the rainy season, that make efficient use of mois­
ture throughout both the rainy and postrainy seasons, and that give high, 
sustained levels of yield. . 

c. Implements for cultivation, seeding and fertilizing that enable the requi­
red land and crop management practices to be efficiently carried out. 

THE ICRISAT APPROACH 

It must first be stressed that no single farming system will be universally 
applicable to all medium and high rainfall areas of the Vertisols. The 
system specifically suited to a given region will depend on the local climatic, 
biological, and socioeconomic environment, and this will always be location­
specific. The ICRISAT approach is thus to emphasize the basic principles of 
a suitable system so that it may serve as a foundation from which more speci­
fic systems can be developed for particular areas. 
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The broadbed-and-furrow system 

The basis of the ICRISAT approach is a system of semi-permanent broadbeds and 
furrows that are laid out on a gradual slope (usually 0.4-0.8%). Each bed 
(approximately 100 cm in width) is slightly raised, acting as an in situ ubund u 
for good moisture conservation and erosion control. The furrow (about 50 cm in 
width) is shallow (15 cm deep) but provides good surface drainage to prevent 
the waterlogging of the crops growing on the bed. Excess water is led off through 
a system of field drains and grassed waterways. Compared with contour bunding, 
the broadbed-and-furrow system is laid out in small natural watersheds, or 
"catchments", but it can be laid out within a farmer's existing field boundaries 
where adequate drainage is provided. ' 

The essential steps in laying out the broadbed-and-furrow system are, 
first a survey to define the local topographic detail and to plan the layout 
of surface drains. The direction of beds and furrows is marked out in rela­
tion to these drains. Second~y_; some land-smoothing is usually necessary to 
remove small depressions and high spots. At ICRISAT this smoothing is done 
entirely with animal drawn equipment and can usually be done at a'lower cost, 
and with much less surface soil disturbance, than terracing or other forms of 
land levelling. The necessary field drains and waterways for the safe disposal 
of excess water are then prepared and, finally, the beds are formed. A diagra­
matic layout of an experimental watershed at ICRISAT is given in Figure 2. 

A further feature of the broadbed-and-furrow system is that the runoff 
water can be "harvested" in a tank and then recycled later for supplemental 
irrigation. On Vertisols with relatively dependable rainfall the probability 
of moisture stress at critical stages of crop growth is relatively low for 
the rainy-season crops. However, supplemental irrigation may be worthwhile 
for the establishment of the postrainy-season crop in those years when the 
rains have, ended early and the upper soil layers are too dry for good germi­
nation; this harvested water could also be profitably used for irrigating 
small areas of high-value crops. Where irrigation is used, the furrows of the 
broadbed-and-furrow system provide suitable irrigation channels along which 
the water can be conveniently run. 

The wheeled tool -carri er 

Another essential component of the ICRISAT approach has been the adaptation 
of an animal-drawn wheeled tool carrier to carry out all the operations of 
cultivation, sowing, fertilizing, and weeding required within the broadbed­
and-furrow system (ICRISAT 1981). The first wheeled tool carrier to be success­
fully used at ICRISAT was the Tropicultor, designed by a French engineer. The 
basic frame 'has a toolbar onto which a variety of implements can be attached 
with simple 'clamps. Two ridgers and a bed-former are used ,in the initial 
formation, or reshaping, of the beds. Other appropriate implements are used 
for seeding, ferti 1 i zi ng, ,and soi 1 cul tivati on. The working depth can be 
adjusted to meet operational requirements. A lifting mechanism is provided 
to raise the implements into the transport position, or to lower them into 
the working position~ 
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a. Contour bunds. b. Broadbed-and-furrow c. 
system at 0.6% with-
in field boundaries. 

__ Sed and furrow direction 
-- Field bunds 
---- Grassed waterways 
=====- Elevated inlet 
- ... - Contour bunds 

Broadbed-and-furrow 
system at 0.6% with 
grassed waterways 
and a tank. 

Figure 2. A Vertisol watershed with three alternative soil and water conservation and management 
practices illustrated for the same watershed. The broad bed (150 cm) -and -furrow system 
at 0.6% slope within the field boundaries (Layout b) was established five years ago and 
still exists. Layout 'c' shows the same permanent broad bed -and -furrow system with field 
boundaries removed, a 'grassed waterway and a tank. Contour bunds '(Layout a) are seldom 
allowed by farmers as they do not want their small fields 'bisected. Therefore, the bunds 
are placed on the field boundaries, and problems of water stagnation and bund breaching 
occur. 
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Experience has shown th'at all operations with the wheeled tool carrier 
can normalJy be done with a medium-size pair of bullocks (300 kg each). The 
equipment offers considerable time-saving advantages. to' the farmer. 'A tradi­
tional wooden' plow in India with a maximum working width of 15 em requires 
66.7 km of- trave 1 by the farmer and hi s ,bullock to cover 1 ha. A 75-cm blade 
harrow requires 13.3' km of travel.' In the broadbed-a,nd-furrow system, where 
the machinery working width is 150 em, the distance traveled per hectare is 
only 6.7 km-'-lO% that required of the traditional p1ow: As ·abbnus·, the 
wheeled tool-carrier' can be used as a cart to provide transportation. 

Operation of-the'system' 

.,', 

'. 

It has already been emphasized that tillage operations are difficult on the 
Vertisols once the rains have started and the soils are wet. Delays in sowing 
ar~ undesirable because of the loss in effective growing period and the 
possibility of increased pest attack (e.g. sorghum shootfly). However, the 
raised broadbed in the ICRISAT system maintains a relatively open structure 
that a1l0ws' some primary tillage during the dry season. At ICRISAT all primary 
tillage can be done on the beds without any rain although it is naturally 
easier if there is an occasional shower. The draft required for tillage on 
the beds is about 2/3. of that required for tillage on flat cultivation under 
dry conditions. lhis primary tillage during the dry season allows crops to . 
be sown dry just pri0r to the onset of the rains. Seeds are sown deep (5-7 cm) 
S0 tHat germination is not induced by 1 ight prerainy-sea'son showers. Fertil izer 
application is also done in the dry seedbed",either as a separate operati0n 
pri0r, to seeding or as a combined operati0n--with seeding. At ICRISAT, rainy­
season crops have been satisfactorily established in this way for the last 
8 years, though in 1979, when the 0n'set of rains was delayed, reseeding was 
necessary because 0f rat damage to the initial sowing. Optimum sowing time 
is considered to be 'just before there is a 70% probability of rain. ' 

This dry-sowing technique 0ffers a considerable advantage in terms of 
ensuring an early's.tart .to the cr:opping period, but it does rely on a 
.r.easonable dependability 0f early rainfall in the cropping season.' Figure 3 
shows the Vertis0ls areas divided into "high-.risk" and "low-rJsk" areas for 
dry-seeding, the "low-risk." areas being defineid as th0se where there is a 
reasonable dependability of,the onset and continuance of the early rains. 
ICRISAT Center lies in the low-risk area,. which accounts 'for the success 
of the dry-seeding technique there. In contrast, Solapur district li~s in 
the high-risk area. This explains why, despite a rainfall total simi.lar to 
Hyderabad, attempts to dry-seed in an on-farm situation there rave largely 
failed. ' 

As S00n as heavjer showers arrive (providing about 25 mm or more rain­
fall 0ver 1-2 days) germination occurs and the crops make a rapid start in 
the growing season. Interrow weeding can be carried out·with.a steerable .. 
t001 bar attached to carrier, and hand operations such-as top-dressing and 
within-row weeding, can be carried out in the normal way. 
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Immediately after the postrainy-season harvest, advantage is taken of 
any remaining soil moisture and the beds are ,cultivateil: This is done using 
moldboard plow attachments on the tool carrier to uproot the crop stubble 
and to kijl any weeds that occur. This leaves the center of the bed cloddy, 
which makes it r:eceptive to any rain that occurs during the dry season" When 
showers do' occur, final land preparation and reforming of the 'beds can be 
done and the beds are again ready for the prerainy-season dry seeding. 

The cropping systems 
, , 

The broadbeds are adaptable to a wide range of sowing arrangements to accom­
modate differ.ent crops; at ICRISAT the number of rows per bed usually varies 
from one. to four, giving effective row arrangements from 150 to 30 cm. With 
the individual seeder units on the tool carrier, it is just as easy to sow 
an intercrop'as a sole crop. Some typical sowing patterns are illustrated in 
Figure 4. . 

In the experimental watersheds at ICRISAT the two major cropping systems 
that have' been developed to utilize both the rainy and postrainy seasons are 

a. a . 'sequential , system of rainy-season maize (2 rows per broadbed) 
followed by postrainy-season chickpea (4 rows per broadbed), and 

b. an intercrop'system of maize/pigeonpea (one row of pigeonpea down 
the middle of the bed and one row of maize on either side). 

Maize has 'been the preferred cereal in these systems because its cultivation 
has fewer problems than the cultivation of sorghum: it does not suffer from 
shootfly, .it. does not suffer from the head molds that can be a problem when 
sorghum is-sown sufficiently early to permit a second crop to be grown, and 
it does not'ratoon, which can be a problem in sorghum when it is followed by 
a second crop'. 

The yields ·8f these two systems over 4 years at ICRISAT, from opera­
tional watersheds of several hectares, are given in Table 4. Improved seeds 

Table 4. Grain yields (kg/ha) from a maize/pigeonp~a. intercrop system and a 
maize-chickpea sequential system compared with traditional rainy­
season fallowing from deep Vertisol operational-scale watersheds 
at ICRISAT· Center. . 

1976-77 1977-78 1978-79 1980-81 Mean 

Maizeipigeonpea intercrop system 
Maize 3291 2813 2140 2918 2791 
Pi'geonpea 783 1318 1171 968 1060 

Maize/chlckpea seguential system 
Maize 3116 3338 2150 4185 3197 
Chickpea 650 1128 1340 786 976 

Traditional fallow ana single postrainy-season crop 
Chickpea 543 865 532 596 634 
Sorghum 436 - 377 555 563 483 
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Broadbeds and furrows are adapted to many row spacings: 

_75 cm_ 150 cm 
A maize crop 

+--->4S.<--60--+~45-

A sorghum or millet crop 

<-30>---60-4-30--
A groundnut or chickpea crop 

s p s M p M 

+------,150 
A pigeonpea/sorghum intercrop or a pigeonpea/maize intercrop 

Figure 4. Alternative cropping systems and row arrangements 
on broadbeds (150 cm). All dimensions in cm. 
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and ferti 1 izers were used as part of the technology,. and .it can be seen that 
yields were substantial; averaged over the 4 years they were 3197. kg/ha of 
maize. and.976 kg/ha-of chickpea·in the sequential system, and 2791 kg/ha of 
maize and 1060 kg/ha of pigeonpea in the' .inter-crop system., Both .these systems 
very substantially out yielded the traditi0na1 rainy-season fallow system in 
which only-a postrainy-season crop' of chickpea' or sorghum was grown without 
the benefit of broad beds or improved seed and fertilizer (634 kg/ha for 
chickpea and 483 kg/ha for sorghum: see Table 4). 

In comparing these two improved systems, the good performance of the 
intercrop is worth noting. It gave only a little less maize but rather more 
pul se than the sequenti a 1 system', and gross returns were very simi 1 ar. But 
in practical terms the intercrop may 'be particularly attractive 'in that both 
crops are established 'in one operation at the beginning of the rainy season. 
This single operation avoids"a potenti'al problem' with. the. sequential system· 
in which the p0strainy-season crop has to be established at the end of the 
rains when the upper soil layers may have dried out, and when. the farmer has 
a peak labor demand for harvesting his rainy-season .crop. This is one of the 
reasons why the intercrop system has given more stable net returns than the 
sequential system in these operational watersheds (Ryan et al. 1979). . -

Possible alternative cropping systems: evidence from small plots 

A wider range of cropping systems has been examined for a number of years in 
small plots at ICRISAT Center. This coming season the more promis·ing ones will 
be tested on an operational scale. 

Some of the results are presented in Figure 5. It can be seen that, as 
well as chickpea, postrainy-season crops of sorghum or pigeonpea can be 
successfully grown.after a rainy-season crop of maize. For all three post­
rainy-season crops, the rainy-season maize causes little or no reduction in 
yield compared with bare fallowing. In these small plots, sorghum has proved 
a viable alternative to maize as a rainy-season crop, though the subsequent 
postrainy-season yields have been a little lower than after maize. However, 
in farming practice the regrowth of sorghum stubble may present a problem in 
sequential systems, so this is now being examined in some detail in operational­
scale plots at ICRIS~T Center. 

A sorghum/pigeonpea intercrop has proved to be as good as the maize/ 
pigeonpea intercrop, and for. this combination there is very good evidence 
from other sources of the improved stability of intercropping referred to 
earlier. If crop "failure" is based on a gross return of less than Rs.lOOO/-, 
then data from 98 exper;ments throughout India indicate that sole pigeonpea· 
fails 1 year in 5, sole sorghum 1 year in 8, but a sorghum/pigeonpea inter­
crop fails only 1 year in 36 (Rao and Willey 1980). 

The importance of the fertilizer component in improved farming sys·tems 

The ICRISAT approach has been to try to' bring together several components of 
improved technology because it is recognized that the improvement of only one 
component may have little or no effect on yields if other components are 

.' 
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Figure 5. Grain yields.(kg/ha) of postrainy-season sorghum, chickpea, and pigeonpea 
after rainy- season fallow, maize or sorghum grown in small plots on 
Vertisols at [CRISAT Center (Average of 2 years, 1979-80). 
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still limiting. The high yields obtained from the maize,chickpea sequential 
system and the maize/pigeonpea intercrop'system on the ICRISAT operational 
watersheds were the co~bined effects of several factors: improved cropping 
systems, higher fertilizer inputs, improved genotypes, and the use of better 
implements to achieve improved management 'of land and crops. 

Some of the individual effects of different components have also been 
examined at ICRISAT in a series of.experiments on "Steps in .Improved 
Technolog~" .• FQr any given cropping system, the.t~ree components that have 
t'eceived nios:t· cittenti on have been improved genotype, improved management of 
both land and crops, and use of fertilizer. Again one of the"'cropping systems 
examined has been a maize/pigeonpea intercrop; this was grown for 2 years 
(1976 qnd 1978). Taking the··mean maize yield over both years, improving only 
the genotype (from a l'oca 1 vari ety to an improved' hybri d) had no effect on 
yield if neither fertilizer nor management was improved. Similarly, improving 
only the land and crop management had' relatively little effect on yield (an 
increase of 35%) 'i'f.' neither genotype nor ferti1 izer ·was improved. In contrast, 
applying fert'i,lizer approximately doubled yields even when neither genotype 
nor land and crop management was improved. Even more striking, however, were 
the effects when the different improved components were combined. Thus, when 
fertilizer was combined either with improved management or improved genotype, 
the yields were i·ncreased two- to three-fold'; when all three factors were 
combined the.yields increased more than four-fold. The intercropped pigeonpea 
showed less response than the maize, though again the biggest response (75%) 
occurred when all three components were combined. 

These results highlighted the importance of the fertilizer component. 
This re-emphasizes the point made earlier, that the Vertisols are inherently 
low in fertility and that fertilizer inputs are required if high yields are 
to be sustained: B4t the results also highlight the important complementary 
effects that can occur between components, emphasizing that highest yields 
are likely to' be obtained when several components are simultaneously improved 
and combined into one overall farming system. 
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ECONOMICS OF TECHNOLOGY OPTIONS FOR VERTISOLS IN THE RELATIVELY 
DEPENDABLE RAINFALL REGIONS OF THE INDIAN SEMI-ARID TROPICS 

James G. Ryan and R. Sarin*, ICRISAT 

INTRODUCTION 

Since 1976 research has been conducted at ICRISAT Center, Patancheru, on 
operational-scale Vertisol watersheds and subwatersheds of from 1 to 5 ha. 
One of the primary objectives has been to develop improved soil, water, and 
crop management technology options which would enable profitable crops to be 
grown both in the rainy and postrainy seasons. In many of the Vertisol 
regions of India the land is left fallowed in the rainy season and cropped 
only in the postrainy season to crops such as sorghum, chickpea, wheat, and 
safflower (Figure 1).1 These crops occupy an area of approximately 14.8 
million ha in the six states represented at this Seminar (Table 1). 

States which have the largest areas of kharif fallowing are Madhya 
Pradesh, Maharashtra, and Andhra Pradesh (Table 2). Among them they have 
almost 12.3 million ha of land left fallow in the rainy season. This is 
26% of their current net sown area. Malone (1974) earlier estimated that 
some 26.2 million ha of rainy-season fallow existed in India. Of this we 
estimate some 12 million ha are in the Vertisols of the semi-arid tropics 
(SAT). If a 2 tonnes/ha food-grain crop could be grown on these rainy-season 
Vertisol fallows it would add some 24 million tonnes to India's food-grain 
production. This would represent almost a 20% increase. In addition, t,he 
crop cover provided by rainy-season crops on these Vertisols could reduce 
soil erosion by approximately 80% (Binswanger et al. 1980b, p.34). 

Results from research at ICRISAT Center suggest that there is poten­
tial for food-grain production increases of more than 3 tonnes/ha on the 
Vertisols. This can be achieved by: 

- improving field drainage, 
- dry sowing ahead of the monsoon, 
- use of HYVs, and fertilizers, 
- using improved seed and fertilizer drills 

to ensure proper placement and stand, 
- appropriate plant protection, 
- timely harvesting, 
- postharvest cultivation. 

*The authors are grateful to their colleagues J. Kampen, B.A. Krantz, S.K. 
Sharma, S.M. Miranda, S.V.R. Shetty, G.E. Thierstein, G. Michaels" and their 
assistants, who were responisble for the much of the research on which this. 
analysis is based. The comments of V.S. Doherty, J.S. Kanwar, and K.L. 
Srivastava on an earlier draft are appreciated. The authors alone are 
responsible for the content that remains. 

lThe graph was compiled by G. Michaels, previously Research Scholar in the 
Economics Program at ICRISAT. 
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Table 1. Average annual area of postrainy-season crops in six Indian states 
1975-78 ('000 hal. ' 

STATES 
Crops Andhra Gujarat Karnataka Madhya Maharashtra Tamil TOTAL 

Pradesh Pradesh Nadu 

Sorghum T088 168 1037 '18 3373 156 5840 
Wheat 27 699 378 3244 1195 2 5545 
Chickpea 83 75 173 1982 452 11 2776 
Safflower 16 0 168 1 499 0 684 

TOTAL 1214 9'42 1756' 5245 5519 '169 14845 

Source: Directorate of Economics and Statistics (1979): 

Table 2. Estimates of extent of rainy-season fallow in India. 

State' Years 
Average annual area 

of rainy-season 
fallow ('000 hal 

,% of net sown area 
'fallowed inrainy-, 

season 

Madhya Pradesh 

Maharashtra 

Andhra Pradesh 

Total 3 states 

India 

1971 ~78 

1971-75 

1972-78 

1970-71 

, 5378 

4642 

2253 

12273 

26200 

29 

27 

20 

26 

,19 

Sources: Compiled by G. Michaels from data in Directorate of 
Agriculture (various years), Bureau of Economics' (various 
years) and Government of Maharashtra (various years) and 
Malone (1974). 
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All.Vertis?l regions.in India wi!l not ~e suitable for this type of technology. 
It 1S poss1ble only 1n the relat1vely h1gh (> 750 mm/yr) and dependable rain­
fall areas with Vertisols. S.M. Virmani and his colleagues at ICRISAT have 
mapped the regions where this technology is likely·to have most promise. 

In this paper we discuss the economics of the improved technologies 
that have been evolving from research at ICRISAT Center and in villages aimed 
at enabling crops to be grown in Vertisols in the rainy season. 

PROFITS FROM IMPROVED TECHNOLOGY 

Joint research of the Farming Systems and Economics Programs from 1976 to 
1981 has shown that such an improved watershed-based technology based on 
maize intercropped with pigeonpea can increase profits by about 600% compared 
with a traditional system based on rainy-season fallow followed by postrainy­
season sorghum and chickpea. This improved system utilizing graded broadbeds 
and furrows has generated profits averaging Rs.3650/ha/yr over 5 years. This 
compares with a figure of only Rs.500/ha/yr from the traditional system 
(Table 3). These profits represent a return to land, capital, and management, 
as the costs of all human and animal labor, fertilizers, seeds, and imple­
ments have been deducted. For an extra annual cost of about Rs.1200/ha a 
farmer changing· from the traditional system could earn an additional profit 
of about Rs.3l00/ha. This represents a rate of return on. the increased 
working expenditure of about 250% - a most attractive figure. 

The capital cost of a wheeled tool carrier with a full set of attach­
ments is Rs.8000-10000. This implement permits the formation of the graded 
broadbeds and furrows and greatly facilitates the improved placement and 
distribution of seeds and fertilizers. Our estimates are that one unit could 
effectively serve 12-15 ha. Based on these figures the extra profits from 
the new system could pay for the' wheeled tool carrier in 1 year provided it 
was utilized along with the improved technology on at least 4 ha. 

On the Vertisols at ICRISAT Center the data in Table 3 show that the 
graded broad beds and furrows increase profits by about 30% compared with a 
flat cUltivation system using a maize/pigeonpea intercrop. With the maize­
chickpea sequential system the graded broad beds and furrows have a 20% profit 
advantage. If farmers were able to achieve improved placement of seed and 
fertilizers with their traditional implements, these results suggest that the 
wheeled tool carrier would still be profitable for forming the broadbeds and 
furrows. With additions to profits of Rs.500-800/ha the wheeled tool carrier 
could be paid for in 1-2 years from the extra income generated by the broadbeds 
and furrows. 

If for some season broadbeds and furrows were not used, but all other 
components of the improved technology were, profits could still be increased 
by more than 400% compared with the traditional system (Table 3). 
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Table 3. Economics of improved technology on Vertisols at ICRISAT 
Center: annual averages 1976-81. 

Crops 

1. Maize/pigeonpea 
intercrop 

2. " 

3. Maize/chickpea 
sequence 

4. " 

Soil and crop management 

Broadbeds and furrows, 
HYVsa, chemical fertil­
izers, wheeled tool car­
rier, plant protection 

Flat cultivation, HYVsa , 
chemical fertilizers, 
wheeled tool carrier, 
plant protection 

Broadbeds and furrows, 
HYVs a, chemical fertil­
izers, wheeled tool car­
rier, plant protection 

Flat cultivation, HYVsa , 
chemical fertilizers, 
wheeled tool carrier, 
plant protection 

Gross 
returns 

Costsb Gro~s 
proflts 

----------Rs/ha----------

5380 

4607 

5304 

4811 

1730 

1771 

3650 
(975)c 

2836 
(606) 

2241 3063 
. ~1527) 

2254 2557 
( 1469') 

---------~-~-----------------------------------------------------------------

5. Rainy-season 
fallow, post­
rainy-season 
sorghum and 
chickpea 

Flat cultivation, 
local'varieties, 
farmyard manure,' 
local implements 

1083 589 494 
(270) 

aA variety of cultivars have been used: maize - Deccan Hybrid 101, SB23, 
51-54, Vitthal; Pigeonpea - Sharada, ICP-l; Chickpea - local. 

bCosts include all materials, human and a;imal labor, and annual costs of 
implements. 

CFigures in parentheses are the standard deviations of gross profits. They 
are based on 15 observations for the improved broad bed technologies, and 
7 for all others. 
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The improved technologies do not seem to increase risk compared· with 
the traditional practice if we define risk as the ratio of standard devia­
tion of profits as a percentage of average profits (CV). The standard 
deviation of profits rises from Rs.270 to Rs.975/ha with the improved 
technology" but the coefficient of variation (CV) falls from 55% for the 
traditional to 27% for the improved maize/pigeonpea intercrop system based 
on broadbeds and furrows. B~sides being more profitable, the improved maize/ 
pigeonpea intercrop systems also have involved a much lower level of profit 
risk (CVs of 21, 27%) than the i,mproved maize-chickpea sequence (50, 57%). 
This helps explain why most semi-arid tropical far.mers in India practice 
intercropping extensively. 

HUMAN LABOR USE WITH IMPROVED TECHNOLOGY 

The 'improved technology results in a greatly increased demand for human 
and bullock labor. This is desirable because it will allow landless 
laborers and cultivators who rely on wage earnings for a sUbstantial part 
of their income to share in the additional income streams that the improved 
technology can generate. 

The improved technologies can imply an increase in human labor use 
of more than 250% (Tqble 4). The traditional rainy-season fallow, post­
rainy-season cropped fields at ICRISAT Center used a little more than 300 
man-equivalent hours/ha. This 'compares well with the figure of 268 derived 
from our village-level studies in the Solapur region (Ryan et al. 1980). 
The improved intercrop technologies could increase this to more than 1000 
man-equivalent hours/ha. 

The operations where much of the increased: human labor demand would 
be required are threshing, harvesting,.weeding, and sowing (Figures 2 and 3). 
The substantial labor peaks which could result would tend to put upward 
pressure on agricultural wages, which could be of benefit to laborers. 
However, as we have observed in some village-level studies, pressure on 
wages will encourage selective mechanization such as ,the use of threshing 
machines. Hence these peaks may be dampened in practice by such developments. 
Also it is unlikely that single-cropping patterns, such as are illustrated 
in Figures 2 and 3, would be maintained in villages. In practice farmers 
would be likely to grow a range of crops in different cropping patterns. The 
extent to which they do so would mean a further dampening of the projected 
labor peaks. 

BULLOCK LABOR USE WITH IMPROVED TECHNOLOGY 

The improved technology can mean an increased use of bullocks by 50% on 
average, if it is based on an intercrop system; and by 70% if a ,sequential 
crop system is employed (Table 4): The main reasons for the increased use of 
bullocks are (a) the 'additional 'land preparation, including initial smoothing 
of fields, plowing, forming and maintaining broadbeds and furrows 2, and 
(b) the sowing of an additional crop in the case of the sequential system. 

, ' ' 

2The time taken for such ini·tial capital development activities has been 
prorated over the 5-year 'period in Table 4 and Figures 4 and 5. 
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Table 4. Human and animal labor use with improved technology on Vertisols at 
ICRISAT Center, 1976-81. 

Crops 

1. Ivlaize/pigeonpea 
intercrop 

2. " 

3. Maize-chickpea 
sequence 

4. " 

5. Rainy-season 
fallow, 
postrainy­
season 
sorghum and 
chickpea 

Bullock 
pair 

Soil and crop management hours 

Broadbeds and furrows, 
HYVs, chemical fertil­
izers, wheeled tool 
ca rri'er, plant protec­
tion 

Flat cultivation, HYVs, 
chemical fertilizers, 
wheeled tool carrier, 
plant protection 

Broadbeds and furrows, 
HYVs, chemical fertil­
izers, wheeled tool 
carrier, plant protec­
tion 

Flat cultivation, HYVs, 
chemical fertilizers, 
wheeled tool carrier, 
plant protection 

Flat cultivation, local 
varieties, farmyard 
manure, local implements 

per net 
sown ha 

81 

76 

90 

89 

53 

aExpressed in terms of male-equivalent hours. 

Human ·1 abor hours per 
net sown haa 

Excluding Including 
threshing threshing 

604 1220 

537 1041 

701 1140 

732 1203 

193 317 
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The seasonal pattern of bullock power utilization is substantially 
altered with the intercrop or double-crop system (Figures 4and 5). 70-80% 
of the bullock labor occurs between February and May with the improved 
broadbed-and-furrow systems, whereas 85% of it occurs after June with the 
traditional systems. As a result it is likely that the availability of 
fodder for animals may be more of a constraint with the improved systems, 
particularly in the hot season from March to May. However, the improved 
systems would generate increased quantities of fodder, so Jhe major problem 
~JOuld be in the initial year when watersheds are being developed, using 
bullock power, but before additional fodder has been produced. 

The wheeled tool carrier can perform operations at a rate 2-3 times 
more quickly than that of traditional implements. That is primarily because 
of the greater width of the tool carrier. For some operations, such as bed 
forming, ridging, and interculture. two operators are usually required 
with the tool carrier, whereas only one is required for such traditional 
operations as cultivating, harrowing, and interculture. Our experience in 
the villages where we have been experimenting with improved.technology is 
that in the 1st year (1979-80) in ·the Vertisols the total bullock require­
ments for the improved system were about double those of the traditional 
system (Table 5). This is mostly because of development operations. This 
average of 132 hours is inflated by the fact that traditional implements 
were used for most of the development operations in Kanzara village in 
Akola district. If we look at the figures for Shirapur village in Solapur 
district, where the wheeled tool carrier was used for development, the total 
bullock requirements were only 91 hours in the 1st year. Even so, this 
figure was almost 90% higher than the traditional bullock labor use of 48 
pair hours/ha. 3 

In the 2nd year (1980-81) in Shirapur' bullock labor use fell by 15% 
but was still 30% higher than the traditional figure. In Kanzara in the 
2nd year of the improved technology bullock requirements fell dramatically. 
From being double traditional levels of use in the 1st year they declined 
to a figure of around 60%. The contrasting results in Shirapur and Kanzara 

. suggest that the extent to which the development operations of plowing, 
chiseling, harrowing, ridging, and bed-forming' have to be repeated after 
a number of years may mean that overall average bullock requirements might 
not be much less with the improved system. Recent experience in the Vertisol 
villages suggests that weed control under broadbeds and furrows may be more 
difficult to achieve than in traditional systems, particularly in the dry 
season. This was the case especially in Shirapur. It may be necessary to 
completely cultivate over the broadbeds each year and re-form them in order 
to control weeds properly.. . 

3Note that none of the village experiments in Table 4 compares improved 
double cropping or intercropping with postrainy-season cropping as in 
Table 4. In Table 5 all comparisons are for similar cropping .patterns. 
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Tabl e '5. Use of bull ock 1 abor in vi 11 age operati ona l-.sca 1 e experiments. a 

Technology 

District/Village/Crop 
Improved with Traditional Ratio of improved/ 

wheeled tool carrier with local traditional 1975-78 
1st year 2nd year implements 1979-80 1980-81 
1979-80 1980-81 1975-78 

-----Bullock pair hours/ha----­

VERTISOLS 

Sola2ur/Shira2ur 
Postrainy-season sorghum 91 

Akol a/Kanzara 

Groundnut '154b 

Cotton/sorghum/pigeonpea l39b 

HYV sorghum/pigeonpea l45b 

Average for Vertisols 132 

Mahbubnagar/Aurepalle 

Groundnut 59 

Sorghum i ntercrop mi xture 54 

Castor 73 

Average for Alfisols 62 

aSee footnote 3 in the text 

63 

42 

42 

47 

49 

ALFISOLS 

5~ 

46 

61 

53 

48 

70 

79 

68 

66 

200 

80 

108 

129 

1.89 

2.22 

1.77 

2.13 

2.00 

0.29 

0.67 

0.80 

0.51 

1.31 

0.60 

0.53 

0.69 

0.74 

0.26 

0.58 

0.56 

0.47 

bAll development operations prior to bed formation in Akola were carried out 
with local implements. This explains the much higher figures. 

We have recently commenced a cooperative project with the Andhra 
Pradesh Department of Agriculture, the All India-Coordinated Research Project 
for Dryland Agriculture (AICRPDA), and Andhra Pradesh Agricultural University 
(APAU), in Taddanpalle village, Medak·district. The aim is to introduce the 

jmenustik
Rectangle
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broadbed-and-furrow system on a small Vertisol watershed of about 15.5 ha 
involving 14 farmers. Traditionally most of this area is fallowed in the rainy 
season and such crops as sorghum, chickpea, chillies, and safflower are grown 
in the postrainy season. Farmers intend to, double-crop under the improved 
system, utilizing both rainy and postrainy seasons, planting a range of crops 
suited to their individual preferences. Among the cropping patterns are sorghum 
or maize intercropped with pigeonpea, sorghum or maize followed by chickpea 
or safflower, and mung bean followed by chillies. 

Development 'activities began in February 1981 with surveying and design. 
Field development operations have not yet been completed, but up to 2 May 1981 
have involved 19 bullock pair hours/ha and 27 man-hours. Total development 
costs so far (excluding surveying and design) amount to Rs.85/ha. The 
development work is not yet completed because more ridging and bed-forming 
are required, along with the construction of drains and grassed waterways. 
Total costs are expected to range between Rs.300 and Rs.500/ha. 

PROSPECTS FOR OTHER REGIONS 

The ICRISAT Center Vertisol research supports the results achieved by AICRPDA in 
the Indo-UK Project at Indore in Madhya Pradesh. AICRPDA has amply demonstrated 
that by improving the drainage of the Vertisols in that region it is possible to 
grow crops in the rainy season and substantially increase profits. It is in the 
higher rainfall areas with Vertisols and a relatively dependable monsoon that 
the potential for greatly increasing cropping intensity lies. Districts such as 
Ra i sen, Vi d'i sha, Hoshangabad, Sagar, Damoh, Jabal pur, Indore, and Narsinghpur in 
Madhya Pradesh seem to have such potential (Table 6). 

AICRPDA and ICRISAT experience in Solapur suggests that the monsoon 

• 

rains are too uncertain to sustain rainy-season crops there. As hypothesized, ~ 
we have been unable to grow rainy~season crops successfully in Shirapur village ~ 
of Solapur district in 2 of the last 3 years due to inadequate soil moisture. ' 
This experience supports the conclusions from the rainfall analysis:of 
Binswanger et al. (1980b), which shows that, although average annual rainfall 
in Solapur 'is almost the same that of Hyderabad, the probabil i,ty of adequate 
moisture for rainy-season cropping in Solapur is much less. However, we 
h?ve been able to demonstrate substantial increases in yields (170%) and 
profits (140%) from the use of improved technology on the postrainy-season 
crops in the same village (Figure 6).4 We could not demonstrate large 
increases in either yields (0-30%) or profits (20%) in Kanzara village in 
Akola district, where at present such crops as cotton, sorghum, and pigeonpea 

4In an analysis of yields and returns of postrainy-season sorghum in traditional 
fields in Shirapur from 1975-76 to 1979-80, T.S. Walker found the mean gross 
profit to be only Rs.280/ha. The mode was -Rs.50, indicating a strong positive 
skewness in the yield and profit distributions. During the same period R.P. 
Singh, and M. Asokan have calculated that the average net income per net sown ' 
hectare from all crops ranged from a low of Rs.245 on'small farms in Aurepalle 
village in Andhra Pradesh to a high of RS.1004 on large farms in Dokur in 
Andhra Pradesh. Net incomes of small and large farmers from the Vertisol 
villages in Maharashtra were between these extremes, ranging from Rs.293 to 
Rs.604 per net sown hectare. 
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Table 6. Examples of areas with high and low potential for improvedraihy-season 
crop 'technology in Vertisols. 

Districts 

Hi.gh potential 
Raisen 
Vi d,i sha 
Sagar < ' 

Damoh 
Jabalpur 
Indore 
Narsinghpur 

Average area of ralny- Rainy-season fallow 
season fallow ('000 hal as % of net sown area 

in Madhya Pradesh (due to high and dependable rainfall) 
319 81 
382 77 
~5 70 
164 59 
229 50 
114 45 
173 64 

;,<,L0:::iWcp:,::ot:-:e",n",t.:.;i a""l'--'.i n"--,-M,,,a"-!h::.carc.oa~s~h~tr~a (due to 1 ow and undependable ra i nfa 11 ) 
So 1 apur 773 73 
Osmanabad 322 30 
Bhir 336 46 
Ahmadnagar 680 57 
Aurangabad 475 40 
Sangli 130 23 

Source: G. Michaels, using data from Directorate of Agriculture,'(various 
years) and Government of Maharashtra (various years). ' , 

Table 7. Average annual availability of bullock power in six SAT villages 
in south India, 1975-78. a 

Item 

Bullocks (no.)/ha 
Sma 11 farmers: 

Lowest year 
Mean 
Highest year 

Large farmers: 
Lowest year 
Mean 
Highest year 

Value of bullocks (Rs.)/ha 
Small farmers: 

Lowest year 
Mean 
Highest year 

Large farmers: 
Lowest year 
Mean 
Highest year 

District/Village 
Mahbubnagar Solapur Akola 

Aurepalle Dokur 

0.22 0.29 0.07 0.21 
0.36 0.43 0.13 0.26 
0.50 0.64 0.21 0.30 

0.32 0.30 0.14 0.24 
0.34 0.34 0.14 0.24 
0.37 0.40 0.15 0.25 

132 87 .. -28 77 
186 184 98 93 
302 279 187 115 

157 214 117 140 
174 235 129 145 
208 264 150 148 

aData for the two villages in Solapur district and the two in Akola district 
have been averaged here. 

,< 
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FigL\re 6. Gross profits from various systems in village on-farm watershed experiments. 1979-80 . 
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are mostly grown .in the rainy season on medium deep black soils. Neither was 
~here substantial extra profit from the improved technology in the Alfisol 
and uncertain rainfall village of Aurepalle in Andhra Pradesh in 1979-80. 
We have been able to achieve yields which were 2-4 times higher than those 
on traditi ona'l fi el ds in Aurepa 11 e, but extra costs of 1 abor, seeds, and 

,fertiJizers have largely offset these yield gains. 

POLICY ISSUES 

The most promising areas for the technology outlined in this paper are where 
rains are dependable and exceed an annual average of about 750 mm and where 
there ar.e deep black soils. However, before this promise can be called a real 
potential there are some policy questions which arise. 

1. Availability of bullock power. In the 1st year when the improved drainage and 
broad beds and furrows are being introduced, there will be an increased demand for 
bullocl power compared with present utilization patterns. While evidence from our 
village studies suggests small farmers have about the same average number of 
bullocks per operated hectare as large farmers, bullock availability for small 
farmers varies much more from year to year than it does for large farmers (Table 7). 
Also, in most cases small farmers have lower-valued and less sturdy bullocks than 
large farmers. If this is true in the high-potential areas, the data suggest that 
particular attention will have to be paid to draft power availability for small 
farmers. In a number of the high-potential areas in Madhya Pradesh tractor numbers 
have been increasing. In 1974-75 our estimates are that there were nearly 0.60 
bullocks per net sown hectare in these areas. In addition tractors provided the 5 
equivalent of 0.30 bullocks per ha, a much higher figure than for all M.P. (0.04). 
This suggests that draft availability in the high-potential regions may be much 
greater than in some of the areas where we have been working (Table 7). However, 
this needs to be more fully investigated to ensure that small farmers are able to 
gain' access to the required draft power to implement the technology. If banks 
presently do not provide loans for the custom-hirfng of animals or machines, 
policies may be required to enable this to be done. 

2. Community works. To effect improved drainage it is almost always necessary to 
improve existing field drains or to construct new ones. When such drains are, 
within a farmer's own field, our experience so far in Taddanpalle is that they 
may be willing to construct them themselves. However, where drains are outside 
their fields and/or involve drainage flows of many farmers, it probably will be 
necessary to pay farmers and laborers to construct them. The question arises of 
how to finance such works? In Andhra Pradesh the soil conservation program has 
some provision for such work, but it is not clear whether there are sufficient 
resources to mount a large-scale program under the soil conservation programs in 
high-potential areas. The Food for t.lork and National Rural Employment Programs 
could be utilized. HO~Jever, they are mostly for drought-prone areas, and the 
high-potential regions for the technology described in this paper are in the high 
and relatively dependable rainfall zones. Hence there may be need to consider 
some special programs for these regions in order to effect the community works. 

5Assuming one bullock pair is equivalent to one horse power. 
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3. Farmer loans. Many farmers may not be in a position to provide their own labor 
and bullocks to effect land improvements required by the technology" even on their 
own farms. They may need· the income they presently earn from wages off their farms 
to sustain them during the dry season. In such cases it may prove difficult to 
implement the technology without payment to farmers. Perhaps these payments could 
be given as a Soil Conservation loan to be repaid in the same manner as the regular 
loans for bunding, etc. Recall that the rainy-season crop cover which the improved 
technology allows has a substantial effect in reducing soi1 .. erosion. 

4. Infrastructure and fertilizer supplies. One of the key elements in the improved 
technology is increased use of fertilizers on unirrigated crops. Currently the bulk 
fertilizer consumption in India is concentrated in irrigated areas. Jha and Sarin 
(1980, p.4) estimated that in 1977-79 those districts in the Indian SAT with more 
than 25% ~rrigation used an average of 57.5 kg/gross cropped ha/year of (N + P205 + 
K20). This compared with a figure of 18.5 for those SAT districts with less than 
25% of irrigation. Our calculations ·from Jha and Sarin's original data show that 
those areas wi th, the 1 argest extent of rainy-season fallow in the states of Madhya 
Pradesh, Maharashtra, and Andhra Pradesh have levels of fertilizer use (Table 8) 
much below the national average of 28kg/gross cropped ha/year. Madhya Pradesh and 
Maharashtra have little irrigation and their consumption fi.gures are well below 
the 18.5 figure for the less 'irrig~ted SAT districts. All this suggests there seems 
to be considerable potential for increasing the use of fertilizers in the high­
potential SAT areas. This will require investments in improving fertiiizer distri­
bution networks in the dryland Vertisol regions. Experience shows that unless fer­
ti.lizer of the desired type is physically available and accessible to dryland 
farmers, they will not use it. 

Table 8. Average annual fertilizer use per gross cropped hectare in three states 
of India, 1975-77.(kg/ha). 

States % of rainy-season fallowa 
<15 15.1-45 >45 

Madhya Pradesh 6:2 5.3 7.0 
Maharashtra 21.7 13.2 12.1 
Andhra Pradesh 28.1 31. 0 21.2 

aDistricts in each of the three states were classified according to the three 
ranges of fallow extent and 'their fertilizer consumption averaged. 

5. New cropping patterns. There may be a need for farmers to grow new crops for 
the technology to express itself. For example, the AICRPDA experience with maize 
at Indore, arid ICRISAT's similar experience at Patancheru, suggest this crop 
could find a prominent place in new cropping patterns. Soybeans is another 
possibility. The market for ma'ize is somewhat limited at present in many areas. 
Consideration needs to be given to marketing policies that may be required to 
ensure the, additional produce can be sold at attractive prices, although ICRISAT 
experience suggests that the improved system could still be highly attractive 
even if prices fell 50%. If maize prices could be contained by large increases 
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in production this might give considerable impetus to dairy and poultry 
production in India. Milch buffaloes and cows, and poultry birds, could utilize 
increased maize grain provided prices were reasonable. Bullocks could also be 
fed maize grain to improve their draft capabilities. 

In many of the high-potential areas wheat is the dominant crop in the post­
rainy season following the rainy-season fallow. More research is required on 
cropping systems that would enable a rainy-season crop to be grown and harvested 
without adversely affecting the wheat crop. It is unlikely that a cereal crop 
such as sorghum could fill that role. It is more likely to be a legume crop such 
as soybeans. Perhaps sorghum with a pigeonpea intercrop or sorghum followed by 
chickpea would be more profitable than fallow followed by wheat in any case? 

6. Wheeled tool carrier. The wheeled tool carrier offers promise in improving 
seed and fertilizer placement, making broad beds and furrows, saving bullock 
power, and in providing a more efficient form of transport. However, it is 
expensive (Rs.8000-l0000) and probably beyond the reach of individual small 
farmers. Entre'preneurs who -would custom-hi re the tool carri er may have to be 
encouraged by appropriate policies. One possibility would be extension of the 
Euucated Unemployed Schemes to include financing the purchase of tool carriers 
by diplomates and graduates. Calculations suggest that rental rates of Rs.30-35 
per 8-hour day for the tool carrier alone, and Rs.50-60 including bullocks and 

_ a dri ver, -waul d generate an attracti ve retur.n to an entrepreneLii"--i f they were 
utilized for 180 days per year (Binswanger et al. 1980a, p.209). These latter 
rates are 3-4 times higher than the costs of hiring a pair of bullocks with 
local implements and a driver. All our results show, however, the potential 
extra returns could more than justify hiring the tool carrier by small farmers. 
Besides credit arrangements for entrepreneurs, though, small farmers will 
require credit to finarlce the hiring cost of the tool carrier, which in the 
initial year could amount to Rs.350/ha or more, depending on whether or not he 
has bullocks which can draw it. 

7. On-farm verification. The conclusion that there seems to be -great potential 
for profitable cropping in the rainy season in Vertisol areas having relatively 
dependable and high rainfall has been based largely on research conducted at 
ICRISAT Center. The conclusion is of course supported by the success of _ 
AICRPDA's Indo-UK project at Indore, in Madhya Pradesh. The ICRISAT results 
have not yet been fully tested in on-farm situations in the high-potential 
areas. The Kanzara (Akola district) and Shirapur (Solapur district) on-farm 
tests reported in the paper were in areas with low potential. The former 
area has relatively high and dependable rainfall, but the black soils are 
not deep. The latter orea has deep black soils but-meager and uncertain rain­
fall. 

The current on-farm testing in Taddanpalle village of Andhra Pradesh is 
in a high-potential area and will give us more confidence about the variabil­
ity of the technology. However, there is an urgent need for on-farm verifica­
tion in other high-potential areas, as identified by S.M. Virmani and his 
colleagues. 
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8. Training. To implement the broadbed-and-furrow technology requires consid­
erable surveying, design, and engineering expertise. Soil conservation officers 
have the bas·ic skills required, but they have to be tr'ained to use them in a 
different way for designing and implementing the improvements required to 
achieve the benefits reported in this paper. Training of Agricultural Officers 
in the use of the wheeled tool carrier will also be required so that they can 
train farmers. 

Close working relationships are going to be required between the Soil 
Conservation and Agricultural wings of state Departments of Agriculture if 
these technology options are to be extended. Improved soil and crop management 
are both necessary to ,achieve the food-grain production increases and reduced 
erosion reported here. This suggests the need for training the Soil Conservation 
and Agricultural Officers as a team, with each being exposed to the ,others' 
particular role in extending the options. 

The word options is used purposely here. There is no one "package of 
practices" with this technology. Experience in vi'llage studies clearly shows 
that we must take the time to sit down and discuss at length the nature of 
the technology with farmers. We should of course begin with the basic concept. 
However, there must be options at hand which will allow us to modify the nature 
and timing of the technology to meet farmers' vari ous constrai nts. Some wil 1 not 
have bullocks, others will have defaulted on previous loans and be ineligible 
for add.itional credit, and some may have irrigated land that they give preference 
to.' Recommending one package under such circumstances may be like pushing on a 
string. Identification of . watershed-based technology options requires on-the­
job training in villages. If we take farmers into our confidence and spend the 
time to explain the nature of the technology to them we find they are ,willing 
to adopt it. A rigid approach to farmers will not work. 
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PROBLEMS AND POTENTIALS OF THE BLACK SOILS OF INDIA: 
SOME SUGGESTIONS FOR AN ACTION PLAN 

J.S. Kanwar, ICRISAT 

Drs. Virmani, Ryan, and Swindale have in their presentations focused attention 
on the problems and potentialities of the deep black soils and discussed the 
appropriate technology for realizing these potentials. I now want to summarize 
some of the points that have been made, and make suggestions for a plan of 
action. 

MAGNITUDE OF THE PROBLEM 

According to Dr. Murthy, the black soils (Vertisols) and associated soils with 
Vertic characteristics, cover 73 million ha or about 22% of the area of the 
country. 

About 80% of the black soil region of India lies in Maharashtra, Madhya 
Pradesh, Gujarat, and Andhra Pradesh, and 13% in Karnataka and Tamil Nadu 
and only 7% in Uttar Pradesh, Rajasthan, and Orissa. Maharashtra has 84% of 
its total area under this group of soils, Madhya Prade~h has 38%, Gujarat 48%, 
and Andhra Pradesh 26%. 

It is thus no exaggeration to state that the future of agriculture in 
these six states lies in the technology of management of black soils. Unique 
features of the black soil region are that it is mostly nonirrigated, it has 
only 2-4~ wet months in the year, and the remaining months are dry . 

Virmani and his associates have divided the black soil region into two 
climatic groups: (1) with dependable medium to high rainfall areas with a 
mean rainfall ranging from 750 to 1250 mm/yr, and (2) undependable rainfall 
areas with rainfall lower than 750 mm/yr and frequent long drought periods. 
Temperatures are conduc,;ve to cropping all the year round; but the major 
constraint in the realization of the region's cropping potential is the limi­
tation of available moisture. With scientific management of soil and rainwater, 
however, production can be increased very considerably. 

PROBLEMS AND POTENTIALS OF THE. VERTISOLS 

Out of 73 million ha of black soils and associated soils, 38%, or 26 million 
ha, are classified into the group of deep black soils or Vertisols. Their 
main problems have been discussed by previous speakers. I sum them up as 
follows. 

a. Cracking when dry and swelling when wet makes them difficult to 
manage, unless they are cultivated at appropriate soil moisture 
levels and with suftable implements. 

b. Optimum conditions for tillage occur immediately after harvesting 
when the surface soil is still moist. 
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c. The timeliness of the tillage holds the key to successful cropping. 
After the monsoons recede the subsoil of deep black soils still 
holds a good amount of moisture. But when the surface becomes dry, 
the farmer fails to utilize this subsoil moisture. 

d. Kharif fallowing in dependable rainfall areas (750 mm-1250 mm/yr) 
means (i) considerable loss of water through runoff, (ii) consid­
erable loss of nutrients, and (iii) considerable soil erosion, and 
(iv) the loss of one crop. 

e. It is not widely appreciated that in the deep black soils kharif 
crops often suffer because of poor drainage and waterlogging when 
it rains and from moisture stress when there is a drought. Thus 
excess of water, as well as shortage of it, are twin problems of 
these areas. 

f. Black soils have low fertility and are poor in organic matter, 
nitrogen, available phosphorus, and zinc. The use of fertilizers 
and manores produ'ces the 'most-'benefi ci a 1 effect on crop yi e 1 ds. 
A recent study by Jha and associates (1989) has shown that the 
consumption of fertilizers in rainfed areas of the SAT is very low. 
It is one of the most serious factors responsible for low produc­
tion. The loss of N through weeds, soil erosion, and denitrifica­
tion aggravates the problem. 

g. The deep black soiTs, because of their high clay content, nature 
of clay and depth have a very high water-holding capacity and a 
high cation exchange'capacity, have high potentiality for crop 
production even under unirrigated conditions. It is unfortunate 
that this potential is not being exploited and they are producing 
only 300 to 800 kg/ha annually. Experimental evidence from ICAR 
and ICRISAT shows that these soils are capable of producing 2500 
to 3500 kg/ha. 

IMPORTANCE OF VERTISOLS FOR CROPS AND CROPPING SYSTEMS 

Dr. Ryan in his presentation emphasized that in Maharashtra, Madhya Pradesh, 
and Andhra Pradesh 20-29% of -the net sown area remain fallow during the 
rainy season. Interestingly enough most of this area is of black soil. We 
find that, out of the 26 million ha of cultivated but kharif-fa110wed areas 
in India, 12 million ha lie in the black soil region. This constitutes 46% 
of the total fallow hectarage'in the country. It is a huge area. There is 
no reason why many miliion hectares of these deep black soils', in medium to 
high and dependable rainfall regions, where rainfall exceeds 750 mm/yr and 
the probability of successful double cropping is high, should remain fallow 
during the kharif season. To my mind some of the reasons for the current 
situation are the following .. 

a. Lack of appropriate technology and means for managing soil and 
rainwater. 

b. Poor soil fertility and the inadequate use of fertilizer and manures 
under rainfed farming systems. 

, 
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c. The use of low-value cereal seed. 
d. The lack of high-yielding varieties., and high,ly unstable yields 

particularly from oilseeds and pulses .. 
e. The cUltivation of wheat, chickpea or sorghum on conserved moisture 

during the postmonsoon season. 

When we look at the cropping patterns of the black soil reg~on, we find that cereals 
(sorghum, maize, millet, upland paddy, rabi wheat, and sorghum), pulses (soybean, 
pigeonpea, chickpea) and other legumes, oilseeds (groundnut and safflower), and 
fiber crops e.g., cotton, are commonly grown without agricultural inputs and suit­
able management and technology. 92% of the sorghum, 88% of the groundnut, 56% of 
the pigeonpea and 24% of the chickpea in India is produced in the six states that 
have most of the black soils. Many of these crops are grown in intercropping sys­
tems that constitute risk-covering devices by sUbsistence farmers. With scientific 
management they can become highly productive systems. 

Evidence exists that sole-cropped sorghum fails once in 8 years and pigeonpea 
once in 5 years, but that a sorghum/pigeonpea intercrop fails only once in 36 
years. Thus improving the yield stability of intercropping systems in the Vertisols 
would mean improving and stabilizing crop production. Cultivation of pulses or 
oilseeds, whether as intercrops or in sequence, can improve the intensity of crop­
ping and the profitability of agriculture in these states where black soils are 
the dominant group. 

Dr. Virmani in his presentation has discussed the technology suited to this 
situation. Most of the pro'duction of pulses and oil seeds in India come's from these 
soils, but their Yields are low and highly variable. Thus the solution to the 
problem of shortage of pulses and oil seeds lies in the improved management of black 
soils. 

Evidence has been presented that the technology based on the graded broadbed­
and-furrow system in the deep black soils facilitates the intercropping of cereals 
and pulses (maize/pigeonpea or sorghum/pigeonpea) or the sequential cropping of 
,cereal-pulse-oilseed, that it increases yields by 3-5 times, and that it ensures the 
efficient use of the environment under rainfed agriculture. 

In areas with less dependable rainfall «750 mm/yr) postrainy-season cropping 
is preferred to rainy-season croppinQ because of the better soil moisture situa­
tion. However, the yields of postrainy-season crops can be considerably increased 
through an efficient system of soil and crop management, inc~uding moisture con­
servation and weed management. There are a number of agricultural practices that 
need to be changed, including the selection of varieties, choosing the date of 
sowing, applying fertilizer, etc., to make the best use of the environments. 

ICRISAT climatologists, using data of rainfall probability and of the mois­
ture-retention capacity of med'ium to deep black soils (Vertisols), have made out 
a case for dry-sowing in these soils where rainfall exceeds 750 mm/yr. Most of 
these areas are in 34 districts of Madhya Pradesh, 12 districts of Maharashtra, 
6 districts of Andhra Pradesh "and 3 districts of Gujarat. There is no reason why 
the deep black soils in these areas should not grow two crops instead of one, and 
produce 3-5 times more food than at present. 
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The experien~e at ICRISAt Center, that is confirmed by operational­
scale tests in,relevant black soil areas in villages in Maharashtra and 
Andhra Pradesh and the Indo-UK Proje~t in Madhya Pradesh, suggests a high 
probability of successful farming in 'this way. ' 

The time has now come for the transfer of this 'technology through its 
scientific testing, evaluation, and modjf.lcatJon in the real-world situation 
of farmers in these states. 

INGREDIENTS OF TECHNOLOGY OF BLACK SOILS 

The essential ingredients of the new technology for deep black soils are 
the fo 11 owi ng . 

1. Small watershed resource management to conserve moisture, 'reduce 
erosion, and drain off excess water. In the event of organization­
al difficulties 'on-site, the technology is adaptable to being 
establi,shed, within the existing farm boundaries. 

2. Carrying out first operations' for land preparation for both post­
monsoon as,well as monsoon crops immediately after harvesting the 
previous crop, when the soil has adequate 'moisture and is friable. 

3. ,Smoothing the land to give a uniform slope of 0.4-0.6%. 
4. Plowing the land to facilitate,the formation of broadbeds and 

furrows with an amplitude of 150 cm, with,a Tropicultor or a 
wheeled tool carrier. We rea'Hze that the Tropicultor is expensive; 
but possibilities exist for it to be used on a collective owner­
ship basis, 'or on hire. Cheaper versions of the Tropicultor are 
being developed so as to bring it within the'reach of farmers with 
poor means. ,;- { 

5. Application of moderate. amounts of NP fertilizer with a fertil:izer 
drill, followed, by the dry-sowing of two rows of sorghum or maize 
on the side of the bed and a central row of pigeonpea as an inter­
crop about a week before the expected date of onset of the monsoon. 
If a',sequentia.1 'crop of chickpea is to be planted, three rows of 
cereal can be sown. The rtght choice of crops and their varieties 
is essential for the suq:essful impl ementati on of the technology 
and the enhancing of production. 

, 

, 6. Likewise, the drilling of the 'seed and fertilizer at a proper depth 
is necessary for obtaining successful crop establishment a~d' good 
~ields. 

7. Interculturing and weeding, and taking appropriate measures to 
control pests and diseases. We ao not think that the use of pesti­
cides is the answer. The development of disease-resistant varieties 
and the adoption of suitable agronomic practices to reduce disease 
incidence and pest attack is preferable. 

\ 
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SOME SUGGESTIONS FOR AN ACTION PLAN 

PHASE I: 1981-83 

63 

1. Arrange'for policy makers from the research, extension, and development 
.r agenci es of Madhya Pradesh, Maharashtra, Andhra Pradesh, Guj arat, Karnataka, 

,and Tamil Nadu to visit ICRISAT and ICAR centers and their operational on-
. far~ r.esearch· projects in Medak district and elsewhere. A 1-3 day visit in 

l~ July to September for a group of 5-10 persons from each state is suggested. 

'. 

, 

2. Select·five typical Vertisol areas in dependable rainfall regions (> 750 mm/ 
yr)'of Madhya Pradesh, Maharashtra, Andhra Pradesh, and Gujarat and set up 
operational-scale research projects of 10-30 ha size in each region. 
Possible districts are the following. 

Andhra Pradesh 

Gujarat 
Maharashtra 
(12 districts) 
Madhya Pradesh 
(34 districts) 

Adilabad, Karimnagar, Khammam, Medak, Nizamabad, 
Warangal . 
Baroda, Bharoch, Panchmahal. 
Amaravati, Akola, Buldona, Bhandara, Bhir, Chandrapur, 
Nanded, Nagpur, Osmanabad, Parbhani, Wardha, Joatmal. 
such as Bhopal, Indore, Hoshangabad, Raisen, Vidisha 
Sagar, Damoh, Narsinghpur, Jabalpur, etc. 

These should be enterprises jointly organized by agricultural 'univer­
sities, the Department of Agriculture, and the Indian Council of agri­
cultural Research. 

3. Test, evaluate, and modify the technology, and study the feasibility of its 
use. This should not take more than 2 years. 

4. Use the operational project sites for training extension workers, soil con­
servationists, and farmers by encouraging frequent visits to the sites. 
ICRISAT can help in a training program organized jointly with the All India 
Coordinated Research Project for Dryland Agriculture. 

PHASE II: 1983-86 

1. Develop a conceptual framework for the transfer of technology on pilot pro­
jects of about 10,000 ha each, preferably in the dependable rainfall areas 
of Madhya Pradesh, Maharashtra, Andhra Pradesh, and Gujarat. 

2. Identify staff for the implementation of·the proJect and arrange for their 
training on the operational sites . 

. 3. Identify collaborative villages and farmers, and develop watershed layout 
plans after surveying their land. 

4. Prepare this land using the graded broadbed-and-furrow system. 
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5. Develop cropping plans for each farm holding and arrange credit and supplies 
(fertilizer, seeds, etc.), includ.ing access to the wheeled tool carrier, a 
simpler version of the Tropicultor, or a seed-cum-fertilizer drill. 

6. Implement the cropping system most suited to the needs of the farmers, in­
-volving the growing of varieties with high-yield potential under rainfed 
conditions. 

7. Use these project sites for demonstration purposes. Arrange visits by other 
farmers to facilitate the exchange of knowledge and experience. 

8. Extend the program to other areas. 

Output . 
It is felt that, by adopting such a plan, in 5 years many of the deep black 
soils could be made to produce 2-3 tonnesjha more cereals, pulses, and oil­
seeds ·than at present under rainfed conditions. 

SOME SUGGESTIONS FOR RESEARCH 

I have so far spoken only about the transfer of technology. But I now want to 
identify research problems that deserve high priority. 

1. To begin with, it is necessary to mention that the technology for shallow 
and medium black soils which have low moisture-storage capacities has not 
yet been satisfactorily developed. It therefore needs further study. Likewise, 
for the red soils. (Alfisols) that often occur in the same regions as black 
soi~s, the land development system needs further improvement. 

2. The.harvesting of water, and its reuse, needs more critical evaluation. Partic­
ular consideration should-be given to the problem of sharing harvested water 
and to the development of techniques for reducing seepage of stored water from 
tanks. 

3. The loss of nitrogen in the soil, and the efficient use of nitrogenous fer­
tilizers, is another area of 'high-priority research. 

4. The development of an efficient and economical weed management system calls 
for immediate attention. 

5. The development of a seed-cum-fertilizer drill, which permits the operator 
to place seeds and fertilizer with precision at varying depths according to 
soil moisture is of urgent necessity. 

6. The Tropicultor or wheeled tool carrier, and other similar implements; should 
be tested under farm conditions so as to make them more suitable for farmers' 
needs in these black soil areas. 

7. Developfng more production cropping systems for dry areas. 

.' 

-. 
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CONCLUSION 

I feel that a technology capable of producing a real breakthrough in agricul­
tural production in black soil regions is now available, and that it can be 

·evaluated and modified to meet the local needs. It offers a good base from 
., which to make a quantum jump in the production of coarse grains, pulses, and 

oil'seeds in the bhck soil regions of India. 

-~ It wou'ld of course be a mistake to assume that the technology to which I 
am referring is perfect and can be handled in a routine way. Its principles 
are sound, but more location-specific experience of its application is required 
for its"refinement. It calls for the use of newer skills, precision implements, 
timely operations and monetary inputs. In its development we must expect a few 
.problems of organization, some social and economic constraints, including the 
need to influence and change attitudes. 

The dryland farmers in the black soil regions will need to be persuaded 
to change from traditional subsistence farming to market-oriented farming, and 
to be prepared. to work for more wee'ks than before and use bullock power more 
frequently. The reward is much hi gher producti on, more economic returns, ·and 
more gainful employment. 

, . 

I have no doubt that Indian agriculture can take a new leap forward and 
transform millions of hectares of black soils into granaries of the country 
and make this achievement w.ithout costly irrigation projects. 
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MANAGEMENT OF DEEP BLACK SOILS FOR IMPROVING PRODUCTION LEVELS 
OF CEREALS, OILSEEDS, AND PULSES IN THE SEMI-ARID REGION 

* N.S. Randhawa and M.S. Rama Mohan Ra6 , ICAR 

Black soj-l s that ·constitute 23.1% of ninfed 1 ands in the country possess 
gre'at pr.oducti·on potenti a.l s. Some of'thenY occur in undependable rai nfa-ll 

.. ate·as·'·wH.h. ra infa 11 rang.ing from 500 to 700 mm/yr-. Poverty ;-s endemi c and' 
widespread in these areas largely due to unsatisfactory management of two 
preci ous resources - soi 1 and water. Research -carr-i ed out so far in the 
region has demonstrated that it is possible to upgrade the economy of the 
farming'community by putting thes~ two resources to their best use through 
appropriate technologies. 

SOIL-CLIMATE~CROP 

The black soils occur on a rolling plateau with slopes varying from 0.5 to 
5.0%. They are clayey with their depth varying from 30 to over 90 cm. The 
'soil s are hi ghly erodi b 1 e because of poor aggre-gati on. The infiltrati on 
rates are extremely low « 1 mm/hr) over vast-tracts, as in Be·l1ary region. 
Soils are alkaline in reaction and have a zone of salt accumulation in the 
profile. They are low in nitrogen and phosphorus but fairly rich in other 
nutrients. Such a high potential fertil-ity is' however offset by the adverse 
physical properties like hygroscopic coefficient, wilting point, and volume 
expansion, -all- of which restrict the movement of water within and into the 
soi 1. 

The geographical position of the Deccan plateau is itself responsible 
for_ the low and erratic rainfall whose effectiveness "is -further r.educed 
by heavy runoff, high winds; low humidity, bright sunshine, and high 
temperatures. Soaking rains commence sometime in Septemb~r and continue 
until end of October in intense showers over short intervals. This 
combined with the characteristic physical properties of black soils, 
aggravates runoff (10 to 20% of annual ra-infall) and depletes our 
va 1 uat> 1 e heritage- the fert.i1 e top soH through sheet and gully erosi on. 

* Deputy Director General -(SAE), Indian Council of Agricultural Research, 
New Delhi', and Scientist S3 (Soil Stience), Central Soil and Water 
Conservation Research and Training Institute, Research Centre, Bellary-2 
(Karnataka), 583 102. 
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These soi.1 s are cropped from 1 ate August or September, mostly on stored 
moisture" as crop production in the kharif season becomes risky and hazard­
ous in the major parts of Vertisols, except in some sporadic pockets of 
shallow affd',medium soils. Water budget ,analysis indicates' that the region 
suffers from water deficit throughout the year, but to a lesser extent in 
September and October (CSWCRTI 1980). Analysis for the decennial frequency 
of drought occurrence .using a 100-year rainfall and seasonal aridity index 
for the period August to February revealed that rabi crops experience five 
droughts of different intensities in a normal decade (Table 1). 

Table 1. .Decennial frequency of drought occurrence in Bellary. 

Decennial,.period Mod-
erate 

1870-71 - ·1879-80 2 
1880-81 - ·1889-90 3 
1890-91 - ·1899-1900 3 
1900-01 - 1909-10 4 
1910-11 - ,:1919-20 1 
1920-21 - 1929-30 
1930-31 -,1939-40 1 
1940-41 - -1949-50 3 
1950-5-1 - 1959-60 1 
1960-61 - J 969-70 2 

Lar.ge 

4 
1 

2 
1 
2 
1 

3 
1 

Severe 

1 

1 
2 
1 
2 
1 

Disas-
trous 

1 
1 
2 
1 

1 

1 

1 

Total 

7 
6 
5 
7 
2 
4 
4 
5 
6 
5 

In view of low variations in temperature, the kharif and rabi seasons 
are not distinct in the region; it is a kharif-rabi continuum. Contribu­
tion of dew is almost negligible. Thus; moisture is the prime constraint 
to agricultural production in the region. 

In view of the above limitations, traditional crop production in 
rainfed black soi.ls is' essentially orienteg towards risk minimization 
at uneconomic' levels of production. Theoretically speaking the water 
demand for a 100-day crop in rabi will be around 300 mm. Paradoxically, 
though the-' area receives roughly the same amount of rain, it is the 
moisture shortage that limits crop yields. This limitation could be 
alleviated by conserving soil and moisture and their efficient manage­
ment brings stability to producrion levels. 

The major problem ill black soils is one of increasing efficiency 
of otherwise low rainfall and ensuring safe disposal of inevitable 
runoff with minimum soil loss. In black soils, an annual runoff 
to the extent of 10 to 20% of the rainfall occurs, carrying with it 10 
to 43 tonnes/ha per annum of top fertile soil depending upon locations. 
These twin objectives are best achieved by adopting suitable mechanical 
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structures at specified vertical intervals, along with supporting practices 
in the inter-terraced areas. These are the following. 

1. Mechanical Structures 

Research studies conducted at Bellary over years showed that contour bunds 
are· highlYunsu;,tedto black soils because, of water stagnation, loss of area, 
and breaches of bunds res ul ti ng in ·the formati on of fresh gull i es. Among 
various structures evaluated, the drainage-type of terraces, namely, graded 
bunds proved most efficient. Bunds of 0.8 m2 cross section at vertical 
intervals of 0.7 m with a channel (grade of 0.1 to 0.25%) on the upstream 
side connected to a grass waterway have been advocated (Chittaranjan et ~. 
1980). Areas treated with these structures not only brought down soil losses 
from 12 tonnes/ha per year to around 1 tonne/ha per year but also increased 
crop yields considerably (Table 2). 

Table 2. Influence of various mechanical structures on crop yields at 
Bell ary. 

Crop Unbunded 
Average ~ields (kg/ha) 

Contour Graded Broad-based 
bunds bunds terraces 

Rabi Grain 245 184 ·280 362 
Sorghum Straw 543 480 1650 1102 

Cotton 131 . 92 163 154 

Safflower 192 117 215 584 

Water harvesting 

The runoff at Bellary that is in general 10% of the annual rainfall can 
be easily harvested and ~tored in dug-out ponds. Based on the studies 
conducted at Bellary, a farm pond of 3 to 5 m depth (1.5:1 side slope), 
having a capacity of 0.25 to 0.3 ha m is recommended for every 8 to 10 ha 
catchment. The cost of making such a pond works out at Rs.6000/- to 
7000/-. The water so harvested can be recycled to 80% of the catchment 
in the form of one life-saving irrigation of 5 cm (Chittara~jan and 
Rama Mohan Rao 1980). Seepage losses from such storage structures were 
generally found to be negligible in black soils. Experience at Solapur 
shows that seepage losses, wherever becoming a problem, can be reduced 
considerably by lining the ponds with soil, cowdung, and straw in the 
ratio 10:1:1, or preferably with a 10-cm thick plastering of saline 
sodic soil. 
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2. Inter-terrace Treatments 

Contour cultivation 

CUltivation-on-contour alone increased crop yields by about 34% in growing 
sorghum across seasons as it arrests runoff and erosion by offering more 
time for the rain water to penetrate through innumerable miniature barriers 
created in the form of contour furrows, when compared to up-and-down culti­
vation. 

Tillage. Movement of rain water into black soils takes place initially 
via cracks, charging the subsoil with moisture. But once the cracks are 
superficially closed further movement is governed by the intake rate. 
This rate, being very low, often results in a dry layer sand~iched between 
two wet layers leading to crop failure. 

Neither shallow nor deep tillage conferred any increase in crop yields 
and total moisture intake, when compared to traditional harrowing of 3 to 4 
times to check weeds and create dust mUlcn. 

Altering land topography to enhance profile moisture by increasing 
opportunity time through compartmental bunds, ridge furrows, listing and 
corrugations in less permeable soils either resulted in water stagnation 
and low yields or met with little success by increasing sorghum yields 
by 2 to 18% over three seasons (CSl~CRTI 1980). In soi 1 s of hi gh permea:< 
bility (5 to 6 mm/hr) these practices did not result in any additional 
yield increases (Kanitkar 1960). 

The intake rate in black soils was found to be highly dependent upon 
exchangeable sodium percentage. The intake rates in such 'soi1s could be 
improved and maintained by reducing the exchangeable sodium percentage to 
less than 7.0 through gypsum application (Rama Mohan Rao and Seshacha1am 
1976). 

Vertical Mulching. Keeping sorghum stubbles as vertical mulch in trenches 
40 cm deep, 15 cm wide and protruding 10 cm above the ground level enhanced 
the available soil moisture by 4 to 5 cm, and thereby improved grain yields 
by as much as 400 to 500% in drought years and 40 to 50% in normal years 
over unmulched plots (Table 3). At Be11ary, such beneficial effects of 
vertical mulches lasted for four consecutive seasons. 

'"" 
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Table 3. Influence of vertical mulch on yields of sorghum (kg/ha). 

Location 
Treatment Be11ary ( 1973- Solapur (1974 *Bijapur ( 1973-

76) 76) 74) 
Grain Straw Grain Straw Grain Straw 

Control 836 2157 840 4774 1661 NA 
Vertical mulches 1172 2961 1237 6276 NA at 2 m interval 
Vertical mulches 1281 3037 1266 6445 2050 NA at 4 m interval 
Vertical mulches 1186 2927 1123 6231 1823 NA at 8 m interval 
* Tested at 5 and 10 m spacing. NA = Not avail ab 1 e. 

CROPS, VARIETIES AND AGRONOMIC PRACTICES FOR DRYLAND AREAS 

Conservation of rainfall is of little practical value unless it is put to 
productive use through efficient management of other resources. This can 
be achi eved by a combinati on' -of ri ght choi ce of crop, vari ety, and improved 
agronomic techniques. 

1. Efficient Crop Varieties 

The erstwhile Bombay or Madras dry farming practices did not enthuse farmers 
as the yield improvements from those practices were marginal, pr-imarily due 
to poor crop varieties in vogue at that time. Based on screening trials 
conducted over a number of 1 ocat,i ons, superi or genet; c materi a,l s that can 
exploit moisture and costly inputs better than their traditional counter­
parts, and yield on an average 15 to 20 q/ha in sorghum, 10-15 q/ha in 
safflower, and 6-10 q/ha in chickpea, have been identified for different 
areas in the region (Table 4). 

Table 4. Recommended crop varieties for rabi black soils. 

Crop Region 
Bell ary Bijapur Solapur 

Sorghum SPV-86 CSH-8R/5-4-1 CSH-7R/SPV-86 

Safflower A-l A-l A-l/S-144 

Gram A-l/N.52 A-l N-52/N-59 

C ' 1 v 
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Crop choice. The relative potential of various traditional crop varieties was 
compared with a view to replacing some of the less productive crops with more 
efficient ones. According to these studies, sorghum turned out to be the most 
remunerative crqp for black soils. Safflower, which is seldom grown as a pure 
crop, outwei ghed cotton in Bell ary, wheat in Sol apur, and ~!heat and' chi ckpea 
at Bijapur (Table 5). Safflower registered 3 to 4 times the average net returns 
obtained from dryland cotton even on farmers' fields (Ranga Rao and Ramachandram 
1975). As compared to other crops, safflower also possesses good salt tolerance 

Table 5. Relative efficiency of different crops in rabi black soil areas. 

Crop Regi on (yi e 1 d kg/ha) 
Bellary Bijapur Solapur 

Sorghum grain 2674 2034 1558 
Cotton 494 1048 NT 
Safflower 1168 1790 1376 
Chickpea NT 943 1400 
Wheat NT 804 901 
Sunflower NT NT 943 
Linseed NT 707 NT 

NT = Not tried. 

as it gave nearly normal yields on saline soils while sorghum and cotton 
failed (Krishnamoorthy et al. 1966). This practice would not only improve 
the economy of the farmers but would also help raise oil output and help 
meet the national goal of self-suffi.ciency in edible oils. 

Among other rabi crops, yields of chickpea are unstable and low. Besides, 
it suffers from wilt in years of adequate rainfall. At Bellary, short-duration 
varieties of field beans gave higher yields than chickpea, both in the wet and 
the dry season (Table 6). Hence popularization of Dolichos in the tract helps 
greatly in stabilizing production of grain legumes and improving nutritional 
standards of people (Ramachandram and Ranga Rao 1981). 

Table 6. Yields of chickpea vis-a-vis field beans. 

Yield (kg/ha) 
1973 1974 1975 1976 1978 

Crop Variety Drought Normal Below Wet Drought 
year year normal season year 

year 

Dolichos CO-6 330 1220 970 1750 187 
1ab1ab 
(field CO-7 130 1650 1110 2170 507 beans) 

Chi ckpea A-l 80 980 1040 Failed 137 
due to wilt 
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2. Agronomic Practices 

(a) Planting time 

Traditionally farmers begin sowing the rabi crops after the cessation of 
rains sometime in October, resulting in poor stands and moisture stress 
at or before flowering. Time of planting studies revealed that advancing 
sorghum sowings by 20 to 30 days gives spectacular yield increases due to 
higher moi.sture availability and better utilization of nutrients (Table 7). 
Response to early seeding is more pronounced with improved genotypes of 

Table 7. Effect of seeding dates in rabi crops. 

Crop Seeding time Yield (kg/ha) 
Bell ary Bijapur Sol apur 

Sorghum August, 2nd fortnight NT NT 2080 
September, 1st fortnight NT 1906 2144 
September, 2nd fortnight 3993 2127 
October, 1st fortnight 2908 1444 1293 
October, 2nd fortnight 1952 894 884 
November, 1st fortnight 532 

Safflower September, 1st fortnight 330 2237 1271 
September, 2nd fortnight 870 1393 915 
October, 1st fortnight 2231 1098 708 
October, 2nd fortnight 2130 750 462 

NT = Not tri ed. 

rabi sorghum than traditional types. Early seeding is also beneficial for 
other rabi crops. The best sowing time for safflower is September fQr Solapur 
and Bijapur and the 1st fortnight of October for Bellary region. 

(b) Plant populations and row spacings 

Farmers from Vertisol areas generally adopt low seed rates, primarily 
as an insurance against rainfall failure. While such a practice is well 
suited to nonresponsive traditional varieties, it results in below-optimum 
yields in the case of newly available improved crop varieties, partic­
ularly at high levels of inputs and stored moisture. Highest yields with 
improved rabi sorghum genotypes is obtained at 1 lakh to 1.35 lakh 
plants/ha under favorable moisture conditions (Table 8). In years of low 
rainfall and poor soil moisture, plant stands higher than 50,000 or 60,000 
per ha exerted negative influences on sorghum yields even in the case of 
improved genotypes. In contrast to sorghum, safflower showed no response 
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Table 8. Grain yields of sorghum as infl uenced by plant stand. 

Pl ant Regjpn (yield kg/hal Crop population Bellary ,Bi j apur Solapur (x 1000/ha) 

Sorghum 45 1822 2738 1545 
90 2285 3038 1720 

135 2467 2977 1758 
180 2341 3010 1483 

Safflower 30 NT 1650 NT 
50 1240 NT 402 
60 1663 NT 
90 1230 1739 NT 

100 NT NT 256 
1-20 1748 NT 
135/150 1200 NT 220 

(135) (150) 

NT : Not tried. 

to plant density over a range of 3 to 5 plants/m2 owing to its multiple branch­
ing habit. Sorghum and safflower sh0u-ld be seeded at 6 kg/ha at Solapur and 
5 kg/ha at Bellary for obtaining the required plant stands. Investigations 
conducted at Bellary showed that a seed rate of 50 to 60 kg/ha for chickpea and 
10 to 12 'kg/ha for cori ander is optimum. However, these stands are seldom 
achieved _due to defective seeding ,methods. Use of improved ferti-seed-drills 
that can placee the seed in the moi·st zone and establ ish contact 'with' it ensures 
better stands and thereby higher yields to the extent of 150-188 kg/ha sorghum 
over locaJ seeding methods. 

Yie.lds remain nearly the same even if the row-to-row distance is widened 
from 45.to 90+ cm in sorghum and 45 to 90 cm in safflower, 30-45 cm in chick~ 
pea and coriander, and 45 to 60 cm in field beans. Hence, a ·row-to-row spacing 
of 60 to .75 cm (Bellary and Bijapur) or 60-90 cm (Solapur) for sorghum, 60 to 
90 em for safflower, 60 to 75 cm for field beans, and 45 cm for chickpea and 
coriander is ideal.from the.point of operati0nal convenience in interculture 
and rate pfcoverage, of area ,during. seeding and intercultivation. 

Fertilizer application. Next to inadequate moisture it is only the lack 
of nutrients' that limits the realization of full potentials from improved 
cultivars under good management. Under conditions of early seeding and 
adequate plant stands, fertilizer application resulted in 100% yield . 
increase even in rainfed areas. Optimum levels of fertilizer nitrogen 
ranged from as low as 30 kg/ha in scanty moisture areas and situations to 
60 kg/ha or 75 kg/ha i'n areas and/or years of assured moisture (Table 9). 

. 
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The dependence of nutrient responses on soil 
by the data presented in Table 10. 

moisture is clearly brought out 

Table 9. Response of rabi crops to N application. 

Crop Level ·of Yield (kg/ha) 
N kg/ha Bellary Bijapur Solapur 

Sorghum 0 833 1602 850 
30 1401 2117 1360 
60 1593 2350 1770 
90 1722 2317 1900 

Safflower 0 1338 603 ( 0 N) 
30 2032 997 (25 N) 
60 2005 1100 (50 N) 
90 1923 .1402 (75 N) 

Table 10. Response of sorghum to nitrogen at different levels of soil 
moisture availability (Solapur). 

Soil Ava il ab 1 e Grain yields (kg/ha) 
depth soil mois- N levels (kg/hal 
(cm) ture (mm) 0 25 50 75 

30 50 656 1225 1295 1302 
60 110 1604 1784 2132 2332 

Based on these results, a dose of 30 kg Nand 30 kg P205/ha for 
Bellary, 30 kg Nand 25 kg P205/ha for Bijapur, and 50 kg Nand 25 kg 
P205/ha for Solapur regions is recommended for rabi sorghum as well 
as safflower to derive maximum returns for every rupee invested. 
Fertilizer should be drilled at 5 to 10 cm below the soil for efficient 
use. 

Contingency plans for evading drought. All the practices outlined above 
are applicable to situations and seasons with normal or evenly distributed 
rainfall. Use of optimum seed rates devised for normal and favorable 
seasons leads to higher plant populations than otherwise required under 
insufficient and erratic rains; and results in moisture stress ~t critical 
phases of crop growth. Under these circumstances, removing every alternate 
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row or 3rd row or an equivalent number of weaklings, and disease- and 
insect-affected plantS before mid to end October proved very successful 
under Bellary conditions in reducing yield losses in dry seasons (Table 11). 

Table ll. Effect of thinning on sorghum yields under drought conditions. 

Practice Ftnal plant 
Yield ( kg/hal stand 

(x 1000/ha) Grain Straw 

Full population ]30 541 3650 

Alternate row removed 65 1208 2662 

Every 3rd row removed 87 924 3034 

In spite of low rainfall, considerable amounts of it flow as runoff 
because of the characteristics of black soils. This runoff could be 
collected into farm ponds and recycled'as minimal irrigation to save crops 
from moisture stress and thereby stabilize their yields. Application of 
one irrigation of 4 to 6 cm enhanced sOrghum yields remarkably by 831 to 
1568 kg/ha over control in different locations. 

Since runoff water is insufficient to cater for the entire catchment, 
a combination of suitable cropping patterns and life-saving practices will 
help to minimize risks of crop failures and achieve efficient use of water 
resources .' 

Low monetary inputs for maximizing returns from costly inputs 

In the improved technology suggested above, fertilizers alone account for 
60 to 70% "Of total cultivation co~ts. Inputs and high-level management 
practices such as choice of good varieties; adoption of optimum times of 
seeding and"seed rates, timely weeding and interculture etc., that involve 
little or no extra expenditure, play very crucial roles in fully utilizing 
the applied' nutrients for maximum returns. For instance, the efficiency 
of fertilizer nitrogen applied to sorghum increased 2-3 times simply by 
switching over from tradi ti ona 1 ,practi ce to low-cost techni q,Lies (Tabl e 12). 
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Table 12. Effect of management on fertilizer nitrogen efficiency at 
Solapur. 

Local man ilgemelTt . Improved management 
Level of N Grain Response Grain Response 

(kg/ha) yield (kg of gram/ yield (kg of gram/ 
.(.kg/ha) . .kg N/ha) .(kg/ha) kg-N/ha) 

0 663 1050 
25 840 7.1 1713 26.5 
50 15·14 17 .0 2312 25.2 

Even in the absence of fertilizers and plant protection measures, 
- farmers can still realize 50 to 70% more yields than from their traditional 

system just by resorting to improved management (Umrani 1979). Emphasis 
should therefore be more on low monetary inputs rather than on the conven­
tional package approach in view of the low risk-bearing capacity of most 
farmers .. _ . 

Production potential of improved technology 

Experience on farmers' fields over some years (Table 13) showed that it 
is possible to raise the average yields and incomes of farmers in these 

Table·13. Economics of improved technology for rabi jowar on farmers' fields. 

Particulars 

1. Yield (kg/ha). 
'G-ra in 
S't.raw 

2. Returns (Rs/ha) 
Gross 
Net 

3. Net returns per 
rupee invested (Rs) 

* 

Tradi­
tional* 

304 
1282 

557.10 
178.69 

0.47 

Levels of technology 
Low monetary Low plus high 

inputs** monetary inputs 

834 1253 
12·20 2683 

1184 1906.05 
727.77 1259.91 

1.60 1.95 

Data based on average of 10 years (1970-1979) 
** (1977-1979) -Data based on average of 2 years 
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areas two- or threefold over the existing levels by the adoption of various 
improved farming practices outlined above. Evidently, chronrcally drought­
prone black soil areas in Deccan rabi offer tremendous scope for elevating 
their production potentials and thereby the economy of the farming community 
in the region. 

The above results clearly indicate that soil conservation starts and 
ends with good soil and farm management. So far the tendency has been not to 
link soil conservation studies with farm management in conservITng our 
resources. This has to be stopped, which means that cooperation and coordi­
nation between service-related departments engaged in soil and water conser­
vation is a sine qua non. 
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MANAGEMENT OF OEEP BLACK SOILS FOR INCREASED PRODUCTION OF 
CEREALS, 9ILSEEDS, AND PULSES ' 

J. Venkateswarlu, AICRPDA 

RESOURCES 

Land 

In India, the black soils are widely distributed over 72.9 million' ha. The area 
covers central and western Madhya Pradesh, almost the whole of Maharashtra, 
southern districts of Orissa, southern and' coastal Andhra Pradesh and the north­
~rn districts of Karnataka. It also occurs in parts of Rajasthan and Bundelkhand 
division of Uttar Pradesh and central and southern parts of Tamil Nadu. " 

These soils vary in depth (from 15 to 240 cm and above). They are generally 
high in clay content that varies from 30 to 70% or more. Subsoil salinity in 
lower parts of the slope is not uncommon. They have about a 30% water-holding 
capacity. Due to the soils' strong swelling and shrinking properties, water loss 
is considerable as cracks develop when crops are grown under receding moisture 
conditions. Because of the high clay content, water intake is low. The soils are 
easily dispersed and, therefore, are highly erodible. The underlying murrum is 
variable. At Bellary it is calcareous and impermeable,'while at Solapur, Akola, 
and Indore it is highly permeable, being of trap origin. 

Drainage is a problem in lower levels of the topography. It is for this 
reason that soil and water conservation measur.es :pecome. extremely important in 
the management of black soils. Graded bunding is preferred for all the black 
soils, irrespect.ive of rainfall. All the interbunded areas must be well graded 
for successful farming. ' 

Black soils are generally deficient in nitrogen. The soils 'of granitic 
origin are also frequently deficient in phosphorus. The supply of pota.ssium is 
adequate. 

Depending on the rainfall pattern, the black soils are cropped in the rainy 
season (kharif) as in Rajkot, Kovilpatti, and Akola, or in the postrainy season 
(rabi) as in Bellary, Bijapur, and Solapur. In Indore, Udaipur, and· Rewa they are 
cropped in both seasons. 

Rainfall 

. The deep black soils (> 90 cm) occur both in situ and in lower parts of the 
slope. There are 8 research centers 'of the Dryland Project (Table 1) situated 
in the deep black soils of India. In that table the growing seasons have been 
grouped on the basis of the rainfall pattern, to show the duration of the crop­
ping season in each center. 

Problems in Land Management 

Land management problems in these deep black soils are many. In Bellary, with 
a rainfall of 510 mm/yr, only rabi cropping is possible. The soils are low in 
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infiltration. The soils develop cracks withiD about 6 weeks of the last rains. ' 
S~bsoiJ salinity, with high boron, is not uncommon. In-Bijapur, with 630 mm/yr 
rainfall, similar problems to those of Bellary are observed. At Solapur (760 mm/ 
yr rainfall) the deep soils are 'situated ,in the lower part of'the slopes. They 
therefore become stagnant during the kharif. If adequate drainage is provided 
these soils can be used for double cropping. In Udaipur (680 mm/yr rainfall) two 
crops are possible if a short-duration kharif crop is grown. In Akola (830 mm/yr 
rainfall) 'and Kovilpatti (730 mm/yr rainfall) the soils are erodible. In Akola 
double cropping is possible when a short-duration kharif crop' is grown. In the 
high rainfall regions of Indore (990 mm/yr) and Rewa (1080'mm/yr} the erosion 
problem'is serious. Crop drainage is'necessary. Common problems in these black 
soils are high P-fixation and the difficulty of establishing good plant stands 
for the second crop. 

PRODUCTION POTENTIAL 

The production potent.ial of the deep black soils is much higher than that of the 
red' soils. The data in Table 2 show'tlie:gr.eat scope for increasing crop yields in 
farmers' .Ii e 1 ds. 

A,3-4 fold increase is possible by adopting improved methods of crop hus-
6andry. Among other requirements these include better, moisture conservation and 
use. timely preparatory and seeding operations, the:Establishment of adequate 
plant stands, satisfactory weed control, ,and efficient 'fertil izer' use (at 40-50 kg 
N ahd 30-40 kg P205/ha) with new cropping patterns. 

CROPS AND CROPPING PATTERNS 

Crops '" 

, High-yi e1 ding varfeti es and hybrids, of crops have consi stently proved, .. their superi­
.. oritY' in' these regions. Being o.I short duration. they reach the dough stage bafore 
'the soil' cracks develop, 'and moisture, losses occur. Only in lZ~spect: of rabi sorghum 
is there unl i ke~y to be a, real breakthrough. For cropping ,i'I)]p'rovement", however, 
crop substitution is more i.mportant. More efficient crops than those grown tradi­
tionally have peen jdentified for CUltivation in tnese black soils. Examples are 
the following; 

Region 

Bell ary 
Bijapur ' 
Indore 

, Cropping Pattern 

Traditional crop ,Efficient substitution crop' 

Cotton 
Wheat 
Wheat 
Mung bean 

Sorghum (rabi) 
Safflower 
Safflower 
Soybean 

Normally the deep black soils are cropped once a year. The farmers take crops on 
the principle of, recouped fertility. Sometimes intercropping is practiced, but 
not efficiently. " 
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It has been possible to suggest increased crop intenSity in different parts 
of the deep black soil areas. 

Intercropping. The most efficient intercropping in the Deccan region is a 
pearl millet/pigeonpea mixture (Table 3). 

In the high',rainfall areas sorghum/mung' bean or sorghum/pigeonpea mixtures 
are found to be effieient.' These systems have/shown higher efficiency, both tem- \ 

_J porally and spatially, leading to a high land equivalent ratio (LER). It is 
necessary to remember that the high productivities are possible only when the 
soil fertility is well maintained. 

,Sequential cropping. Some of the crop sequences for these deep black soils 
are given in Table 4. 

The data clearly show that there is immense scope to improve the productiv­
ity of these drylands. However, these systems need more investment through in­
puts and animal ,draft. Also, establ ishing the second crop in time often poses 
problems (e.g., preparation of a good seedbed). 

Two crop sequences are possible, however, particularly in areas receiving 
800 mm/yr rainfall and above, with a growing season of 25 weeks and above. 

Alternate Crop Strategies 

As the monsoon progresses there is a need to consider alternate crop strategies. 

For example in the Deccan rabi region, with the delay in sowing, cropping 
moves from sorghum to safflower to chickpea. In the Vidarbha ' region the pattern 
is: dry sowing of cotton followed by groundnut and'sorghum in kharif and saf­
flower followed by chickpea in rabi. In the Malwa plateau drY,sowing of cotton 
is followed by sorghum to maize to soybean and groundnut in kharif and safflower 
followed by chickpea in rabi. 

SOIL MANAGEMENT PRACTICES 

Rain is the main source of water for these deep black soils. Entry of rainwater 
into the soil profile is through the surface of the soil. And efforts made to 
keep the soil open to receive more and more of the rain water would lead to more 
efficient crop production. Among 'other things, the methods include: (a) advancing 
the sowing time; (b) use of mulches; (c) crop drainage; (d) farming on graded 
fields. The last aspect is being separately discussed. 

Advancing the Sowing Time in the Deccan Region 

In this region crops are sown after the cessation 'of' the' rains . Appr9ximately, 
,growing begins in the last week of September in Bijapur, in the 1st week of 
October in Solapur, and in the 2nd week of October in Bellary. This timing occurs 
despite the heavy rains that are received in the 1st fortnight of September in 
all these districts. By advancing the sowing, and'by'providing crop drainage, 
the crops are grown partly with rainfed moisture. The resulting advantages are 
seen to be quite substantial (see Table 5). ' 
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Use of Mulches 

Organic mulches have been found to be effective in improving moisture intake. 
But their use is very limited due to the practice of using the crop residues 
as cattle feed or as fuel. However, for the short-term carryover of moisture, 
use of grasses or even crop residues as a mulch, and subsequently for cattle 
feed, can be recommended for rabi crops. 

In the Bellary region, where the rainfall is low, the problem of the 
entry of the rain water into the profile is further accentuated by 'sodiumi­
zation. It was found that, even at8 Ei<chilng~able Sodium Percentage the in­
filtration rates were very low, leading to runoff and erosion. In such situa­
tions vertical mulching (the provision of 45-cm deep and 22.5 cm-wide furrows 
across the slope at 4 or 8 m intervals and packing them with sorghum stalks 
to extend 15 cm above surface) was found to lead to better in situ water 
harvesting and higher yields, (Table 6) . . 
Crop Drainage 

In Indore, the high rainfall leads to water'stagnation. In fact, only about 
30% of the land was used for kharif cropping. But with improved crop drainage 
kharif cropping increased to 70%. With the selection of short-duration high­
yielding, varieties of crops, and harvesting at physiological maturity, it has 
now' become possible to grow two crops in these soils." 

,Farm Machinery for Seeding and Fertil izer Placement' 

Dry sowing of bold seeded crops, particularly cotton, is an existing practice 
in the'Vidarbha and Malwa plateau during the kharif season. For,other crops 

, it is necessary to sow them in the moist zone after the beginning of the rains. 
".Seeding· and fertilizer placement can be dovetailed. For these operations it i~ 

necessary to have improved farm machinery. Since most of the farmers in the 
region are small, and marginal, it is essential to have low-cost tools avail­
able, preferably in the form of attachments to the 'existing tools. 

Such studies have been in progress at all the research centers, and 
attachments to single- or multitined seed drills for fertilizer placement have 
been developed. 

PROFITABILITY OF RAINFED FARMING 

Improved rainfed farming systems lead,to increased working costs due to the 
use of high-yielding varieties and other inputs, such as fertilizers and 
pesticides, and to the cost of efficient weeding .. Extensive trials on farmers 
fields have been organized on deep black soils by the Agro-Economic group of 
'the Dryl and Project in the Drought-Prone Areas;' The' impro.ved practi ces, as 
developed by the Research Centers, have been tested in comparison with tradi­
tional'methods. The yield, working cost, and net return are given in Table 7. 

It is apparent that the additional working cost comes to Rs.200-400, 
depending on the crop. The increase in yields have been 200~400% in many 

• 
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instances. The average net returns in terms of rupees per rupee invested are 
listed in Table 8. 

The data consistently indicate the superiority of improved dry1and farming 
practices over the traditional systems, except in the case of sorghum where it 

~- is marginally sUperior. 

GENERATION OF EMPLOYMENT POTENTIAL 

The improved crop production in dry1and areas also leads to increased labor 
requirements. The data are given in Table 9. 

As an average over the traditional system, -25% of additional human labor 
and 15% bullock power would be needed in the improved dry1and crop production 
technology for individual crops. 

When double cropping is practiced, particularly in those deep black soils 
receiving 800 mm/yr rainfall and above, the employment potential is further 
enhanced, as can be seen in Table 10. 

SOME CONSTRAINTS IN ADOPTION OF IMPROVED DRY LAND PRODUCTION PRACTICES 

The facts presented above suggest that there is a need for increased investments 
to harvest Detter productivity under rainfed situations. Unfortunately many a 
farmer in dryland areas uses recouped soil fertility in his cropping. In fact, 
.the data presented in Tables 11 and 12 suggest the follo.wing. 

a. About 70-80% farmers have small' holdings. These holdings are 
again fragmented. 

b-:- The irrigated area in these regions is low. 
c. -In other words, the investment capacity of the farmers -is 

also low-. This may possibly be a primary constraint in the 
adopt jon of improved dry1and farming practices for increasing 
-product'iv-ity if adequate credit resources are not avai 1 ab 1 e. 

d. However, since the irrigated area is very low, the farmers 
should invest more of their time and effort in managing the 
-dry'lands in their farms. 

e. An important point that has been brought out during the bench­
mark survey of some of the, 'c1 usters of vi11 ages attached to 
the Research Stations in these black soil areas is the non­
availability of draft power (Tables 13 and 14). 

It is clear that the availability of draft power is meager and many more 
small farmers-than big farmers have relatively more labor available to work on 
their own farms. In other words, the availability of draft itself might be 
another constraint for the timely operations that are important under rainfed 
conditions. 

, , 
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In many of these black soil regions erodibility and crop drainage are 
a serious problem. To improve the 'situation community action is required, 
either to provide graded bunds and/or to provide regulated waterways. It 
appears to be necessary for the Government to consider investing in these 
works for the permanent benefit of the small and marginal farmers who pre­
dominate in these regions. 

SUMMARY 

Black soils are widely distributed in India and low water intake, erodibility, 
swelling and shrinking are their characteristics. With low rainfall deep black 
soils can be cropped only in the rabi season. Medium-rainfall areas can be 
cropped in the kharif. But those in the high rainfall zones can be cropped in 
both seasons. 

The untapped yield potential is 200-400%. High-yielding short-duration 
varieties are better suited for rabi situations. Cropping intensity can be 
increased by intercropping (e.g. pearl millet/pigeonpea and sorghum/pigeonpea) 
in medium-rainfall areas, and by-double cropping in high rainfall areas (e.g. 
Indore, Rewa). To meet weather aberrations, alternate crop strategies have 
been worked out. 

By advanci'ng the sowing date, or using vertical mulches, crops may 
benefit from more rain water in the Deccan rabi -region. By providing crop 
drainage, more area can be brought under kharif cropping as well, in medium/ 
high rainfall areas. For sowing and fertilizer placement, low-cost farm 
machinery, in the form of attachments to single- or multitihe seed drills, 
have been developed to suit small and marginal farmers. 

Rainfed farming by improved technological methods is profitable', even 
though hi gher investments are required than in traditi ona-l farming. About 
25% additional human labor and 15% bullock power is needed for improved crop 
management practices. 

The important constraint in the adoption of the new technology is the 
poor investment capacity of the smali and marginal farmers prevalent in the 
region. So the provision of credit is crucial. The other constraint is the 
lack of adequate draft power for timely operations. There is a need to 
provide waterways and graded bunds at Government cost, to permanently improve 
the productivity of the deep black soils. 
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Table 1. Research centers with deep black soils. 

Rainfall 

Low 

Medium 

High 

Growing season (weeks) 

< 20 

20-30 

>-30 

Centers 

Bellary (8)a; Bijapur (17) 

Solapur (23); Udaipur (22); 
Akola (27); Kovilpatti (21) 

Indore (36); Rewa (36) 

aFigures in parentheses indicate duration of cropping season in weeks. 

Table 2. Crop production potentials. 

Center 

Bell ary 

Bijapur 

Solapur 

Udai pur 

Akola 

Kovi 1 patti 

Indore 

Rewa 

Crop 

Low ralnfall region 
Sorghum (rabi) 
Safflower 

Sorghum 

Medium rainfall region 
Sorghum (raei) 
Pear 1 mi 11 et 
Pigeonpea 
Chickpea 

Sorghum 
Maize 

Sor.ghum 

Pearl millet 
Sorghum 

High rainfall region 
Maize 
Soybean 
Safflower 

Rice 
Sorghum -
Chickpea 

Average yoield (kg/ha) 
Research Farmers' 
station fields 

1400 
1200 

2100 

2100 
1600 
1400 
l300 

2900 
1800 

1800 

2500 
2000 

4300 
2700 
2400 

2900 
3000 
1300 

300 
200 

300 

400 
300 
300 
300 

600 
900 

-200 

700 
200 

1200 
1000 

600 
1000 
700 
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Table 3. Some intercropping .systems developed for deep black soils. 

Region System Average y,i'eld of crops (kg/ha) 
Base crop Intercrop 

Bijapur Pearl mi 11et 1410 
Pearl millet/pigeonpea (2:1) 1160 800 

Solapur Pearl mi 11 et 1800 
Pearl millet/pigeonpea (2 :'1) 1830 1700 

Ako.l a Sorghum 3350 
Socghum/mung bean (1 : 1 ) 3080 730 

Rewa Sorghum 2540 
Sorghum/pigeonpea (2: 1) 2230 470 

Table 4. Some crop sequences for deep black soil regions. 

Region Crop sequence Average'yield (kg/ha) 
Fi rst crop Second crop 

Bijapur Mung bean-s'afflower 750 1060 

Akola Sorghum-safflower 4540 1410 

Indore Maize-safflower 2950 1080 
Sorghum-chickpea 3210 1390 
Maize-chickpea 3350 1430 

Table 5. Advancing sowing date for rabi cropping (Bellary). 

Year 

1974 

1975 

1976 

Yield of sorghum (kg/ha) 
Normal sowing Advanced sowing 

1680 

240 

740 

3010 

1070 

1650 

,,,. 

<. 

'. 



89 

Table 6. Vertical mulching and sorghum yields' (Bellary). 

Interva 1 of Grain yield (kg/ha) 
verti cal mulch 1972-73 1973-74 1974-75 1975-76 1977-78 

4 m 400 1690 1780 1250 1540 
8 m 280 1610 1770 1120 1920 
Control 20 1120 1100 1080 1470 

.• 
Table 7. Profitability of rainfed farming. 

Center Crop Av.yie1d (kg/ha) Working cost Ne't return 
on farmers' fields (Rs./ha) (Rs./ha) 

Bell ary Sorghum Ia 690 627 334 
(rabi ) T 320 308 127 
Chickpea I 450 732 325 

T 190 346 72 
Safflower I 440 593 345 

T 160 256 60 
Bijapur- Sorghum I 900 583 758 

(rabi) T 290 236 214 
Mung bean I 630 639 1038 

T 180 255 207 
Chickpea I 680 761 1145 

T 200 403 110 
Safflower I 520 532 813 , T 150 273 143 
Pear1lili1.1 et/ I 580 + 170 712 448 
pigeonpea T 180 305 80 

Solapur Sorghum I 940 498 1014 
(rabi ) T 450 247 454 
Chickpea I 300 278 284 

T 100 180 -76 
Safflower I 340 538 270 

T 240 380 138 
Pearl mi 11et/ I 530 + 180 591 449 
Pigeonpea T 120 + 110 217 232 

Ako1a Sorghum I 2460 1295 1185 
(khari f) T 1400 884 604 
Urd I 300 579 134 
(black gram) T 240 512 146 

Kovi 1 patti' Sorghum I 1920 1147 810 
(kharif) .' T 1100 720 364 
Cotton/urd I 320 + 180 1107 642 

T 200 + 80 703 348 
Indore Sorghum I 1770 1121 917 

(kharif) T NA NA NA 
Maize I 1300 654 524 

T NA NA NA 

aI = improved; T = traditional. 
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Table 8. Profitability of ra~nfed farming. 

Crop Average net" return (Re/Re invested) 
Improved Traditional 

Sorghum (kharif) 0.81 0.60 
Sorghum (rabi) 1.22 1.03 
Mung bean 1.62 0.81 
Chickpea 0.99 0.28 
Safflower 0.86 0.37 
Pearl millet/pigeonpea 0.69 0.29 

Table 9. Improved crop production and labor requirements. 

Crop Systema Human 1 abor Bull ock pai rs 
(days) (days) 

Sorghum (kharif) I 70 18 
T 56 15 

Sorghum (rabi) I 63 15 
T 55 14 

Maize I 100 24 
T 89 23 

Mung bean I 59 12 
T 30 7 

Chi ckpea " I 45 14 
T 35 13 

Safflower I 36 8 
T 29 8 

aI = improved; T = traditional. 

Table 10. Double cropping: employment generation (Akola). 

System 

Mung bean 

Mung bean - safflower 

Mung bean - chickpea 

Average labor hours 
Human Bullock 

413 

706 

850 

60 

139 

131 

• 
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Table 11. Distribution of size groups of farmers. 

Center Size groue (%) 
<2 l1a 2-4 ha 4-8 ha >8 ha 

Bijapur 22 25 24 29 
Solapur 20 21 33 26 
Akola 43 22 20 15 
Kovilpatti 46 22 19 13 
Indore 23 19 24 ... 34 

Table 12. Average land l101dings, fragments, and irrigated area. 

Center Average Average no. of Irrigated 
l101dfng (ha) fragments area (%) 

Bijapur 4.8 2.0 3.2 
Solapur 5.7 2.7 7.1 
Akola 5.4 3.2 3.8 
Kovilpatti 3.7 3.6 
Indore 7.5 3.6 9.1 

Table 13. Draft power availability . 

Center 

Kovi 1 patti 
Akola 
Indore 

No. of hectares 
Per man Per bullock pair 

1.9 
1.1 
1.3 

15.0 
7.7 
6.8 

Table 14. Relative availability of draft power (Indore). 

Size group (ha) 

<2 
2-4 
4-8 

>8 

Available dr.aft/ha 
Men Bullock pairs 

3.4 
1.3 
0.6 
0.4 

1.8 
3.9 
5.8 
8.2 
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INTEGRATED MULTIDISCIPLINARY APPROACH FOR THE MANAGEMENT OF 
BLACK SOILS OF MADHYA PRADESH TO INCREASE AND STABLIZE 

AGRICULTURAL PRODUCTION 

G.P. Verma, JNKVV, Rewa, and ~.R. Raje, Indo-UK Project, Indore 

INTRODUCTION 

Madhya Pradesh covers 13% of the net cropped area of the Indian Union, pro­
ducing roughly 10% of the total food grains. Thus the production of food 
grains is below the national level, mainly because 84% of paddy crop and 
80% of wheat crop is entirely dependent upon vagaries of-the monsoon. The 
average yields of sorghum, chickpea, and pigeonpea are also below 1000 kg/ha. 
The main reason for low yields in all these crops is the lack of irrigation 
on 89% of the cropped area where appropriate technology for rainfed farming 
has not been adopted. 

The findings of 5 years of Indo-UK Operational Research Project on 
Dryland Agriculture (ICAR) on deep black soils at Indore, involving the 
efforts of a multidisciplinary team, reveal that the black soils have a 
high potential for increasing agricultural production, particularly where 
annual rainfall is >700 mm. 

PROBLEMS 

1. The black soils are problematic, being almost imper.meable under saturated 
conditions, and developing deep and wide cracks on drying. All these are highly 
erodible and washes, rills, and gullies are formed, particularly under clean­
cultivated fallow -conditions prevalent on less than 50-85% of the total cropped 
area (Table 1). 

2. The cultivated area kept fallow during the kharif season is witnout 
cover, and desi plows and blade harrows are operated occasionally to get a 
clean seedbed for rabi crops. This no doubt helps to conserve profile­
stored soil moisture, but causes severe soil erosion resulting in low 
yields. 

3. The annual average rainfall varies from 700 mm to greater than 1200 mm. 
The rainfall, though sufficient, is fluctuating with several high-intensity 
storms occurring even in drought years that frequently c,ause waterlogging and 
soil erosion. About 90% of the total rain is received during a short rainy 
season from July to September. 

4. The soil erosion problem is still accentuated by ineffective field 
bunding done previously. This has resulted in waterlogging, excessively 
concentrated runoff, and severe gullying on breaching, because the soil 
is highly vulnerable under saturated conditions. 

5. The most frequently grown crops are long-duration indigenous varieties 
of sorghum, wheat, chickpea, black soybean, etc., but their yields are low 
because of the erratic rainfall over their long growth period, and the al­
most nonexistent use of fertilizers. 
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6. The per hectare resource position in respect of family labor, and 
the bullock power available for farmers, varies with size of the holding. 
The family labor availability per ha ranges from 3.0 persons in the lowest 
size ~roup (up to 2.0 hal to 0.3 person in the largest size group (above 
12 hal. Similarly, bullock power availability decreases from 0.55/ha in 
the smallest size group (up to 2 hal to O.lO/ha in the largest group (above 
12 hal. In other words, one pair of bullocks covers only 1.8 ha on small 
farms, but as much as 10.1 ha on the largest farms. 

7. The general condition of cattle health is not satisfactory, resulting 
in low dra~t power and low milk yields. This is further aggravated by the 
high calf ~ortality rates and the scarcity of fodder. 

AVAILABLE TECHNOLOGY 

Land and water management 

Although there is no soil conservation research center for black soils with 
high (>700 mm/yr) rainfall, technology is available from other parts of the 
country and abroad where there exist similar situations, of soil, rainfall 
and cropping patterns. Such structures as grassed storm drains coupled 
with grassed waterways, graded bunds, waste weirs, diversion boxes and spurs, 
gabion structures, temporary pole and bush structures, graded bunds, loose 
;boul der styuct,ures, semi -permanent structures, and' water harvesti ng tanks, 
can be easily adopted wherever necessary in the management of black soils. 
Aerial photographs can be used for the interpretation of drainage patterns, 
crest lines, wetted areas, natural vegetation, etc., and also for making 
rapid land resources surveys. 

Cropping program 

Much information of practical value about local crops is available from the 
All India Coordinated Research Project on Dryland Agriculture, Main Centre, 
Indore. Cropping information from other centers in similar agroecological 
zones of India is also available for consultation. 

Improved short-duration high-yielding varieties are available for the 
kharif season for such crops as sorghum, maize, soybean, etc., that can be 
grown as first quick kharif crops before the second rabi crop. Improved high­
yielding varieties are also available for cotton, sunflower, groundnut, etc., 
where double cropping is not possible. Improved rabi crop varieties are alsQ 
available for wheat, chickpea, linseed, safflower, etc., that can tolerate 
moisture stress, respond to fertilizer, and give high yields. Also, valuable 
information on more remunerative crop' sequences, intercropping and mixed 
cropping, about appropriate dates of sowing for different crops, and about 
improved packages of cropping practices has been derived from the research 
work conducted under the All India Coordinated Research Project on Dryland 
Agriculture. 

• 

• 
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Farm machinery and implements 

Enough improved implements for tilling black soils in high rainfall areas 
have not yet been developed. However, some improved implements, in 
vogue under si mi 1 ar conditi ons and found sui tabl e elsewhere in Indi a and 
abroad for (a) quick seedbed preparation, (b) the eradication of perennial 
weeds, (c) the efficient sowing of sole crops, mixed crops and intercrops 
at gi ven seed -and fertil i zer rates, (d) intercul turing for the effecti ve 
conservation of moisture, (e) the destruction of weeds, (f) drilling 
and fertilizing at the same time, (g) earthing crop rows, (h) harvesting, 
and (i) threshing operations, have been tested. Some useful implements 
have been identified. 

Livestock improvement 

Research information and improved practices in vogue elsewhere in similar 
condi ti ons are avail ab 1 e in respect of forage crop 'producti on, pasture 
development, and the establishment of plantations for fuel, fodder and 
fruits. Also, reliable information on the health and the upgrading of 
cattle is similarly available. 

SUCCESSFUL APPROACH FOR TECHNOLOGY TRANSFER 

The maximum possible conversion of kharif fallow areas into kharif-cropped 
areas involves as a project strategy, making the best use of land and water 
resources available to farmers so far as the improvement and stabilization 
of crop production are concerned. Hence, kharif-season activities were 
given the main thrust, so as to simultaneously raise farm income and pre­
serve from erosion the most scarce resource of agriculture -- i.e., the soil. 

Rabi as second crop was encouraged in terms of safflower, chickpea, and 
wheat on deep soils under rainfed conditjons with supplemental irrigation. 

Incentives 

To motivate farmers, the following incentives were provided at project cost. 

1. Demonstrations supported by the supply of improved seed 
and fertilizer in the 1st year. 

2. Demonstrations supported by the supply of improved seed to 
those who purchased their own fertilizer during the 2nd year. 

3. Demonstrations supported by the supply of improved seed on 
an exchange basis to those purchasing their fertilizer 
requirements themselves during the 3rd year . 

4. Hybrid seeds and fodder sorghum seeds as the subsidy during 
the 4th year where farmers had applied the basal dose of 
fertilizer in the presence of project. staff. 
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Discipline guidelines 

The technical guidelines for each discipline, to proceed with their approved 
programs, were as foll ows: '-

Land and water management 

1. Drain excess water from upper reaches away from the fields. 

2. Provide overall drainage for the area through grassed 
waterways along natural depressions. 

3. Provide, safe inlets so that field runoff may flow into 
the waterways through waste weirs. 

4. Reclaim gullies and stabilize waterways through gabion 
structures. 

5. Construct broad-based bunds in fields with flat topography 
that have problems of waterlogging and water stagnation. 

Appropriate land use 

1. On bare hill slopes, plant trees and grasses. 

2. On shallow soils: 
with >3% slopes, plant grasses and trees; 
with 0-3% slopes, plant ~hort-duration crop varieties, 

preferably on a grade, in'the kharif season. 

3. On deep soils: 
with >3% slopes, plant grasses and trees for fuel, fodder, and 

fruits; 
with 1-3% slopes, plant kharif crops followed by rabi crops, 

intercropping short-duration kharif crops with 
long-duration crops; 

with <1% slopes, plant kharif crops, with good land treatment, or 
leave fallow in the kharif to prepare for good 
rabi crops. 

Cropping program 

1. Put the maximum possible area under kharif. 

2. Replace the long-duration local varieties of kharif crops 
with short-duration high-yielding improved varieties. 

3. Use recommended doses of fertiJizer. 

4. Sow the crop at the night time according to the weather and 
available soil moisture, and establish a good stand. 

" 
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5. Wa:tch 'oilt, for, insect/pest attack and use plant protection 
mea~'ti~e_s when necessar.y. 

6. Harvest':the crops at physiological maturity. 
, , 

Livestock improvement 

1.: Intfbduce improved methods for feedi ng and managi ng 
loE'a'l cattle at first. 

2.:, A~~e(1d to common animal ailments. 

3. Control 'contagious animal disease by prophylatic vaccination. 

4. Upgyade'cattle through cross-breeding by A.I. and by 
natural servicing by halfbred Jersey bulls. 

Farm-machinery program 

1. Introduce appropriate tillage systems, for timely operations, 
backed yp by t8e available power. . 

2. Introduc~ sufficient seeding equipment for uniform stands and 
good plant populations. 

3. Popularize threshing equipment for the timely harvesting of 
crops and safe grain storage to minimize postharvest losses. 

4. Educate farmers 'on the proper operation and maintenance of 
their improved machines. 

5. Emphasize interculture in kharif crops up to the later stages 
of crop growth, and introduce suitable improved implements. 

ACHIEVEMENTS' 

Dry) and technology., evol ved by research, has been tri ed in the Indo-UK Dry 
Farming ,Project (rCAR) area, and the highlights of achievements were as 
fall ows: 

, , 

Land and wate-r management practices 

The 1 and and water management practi ces adopted in the project area have 
led to: 

a. the sta~ilization of ,waterways and the reclamation of washes and 
_gull i.es; 

b. considerable requction in soil loss, not only as a result of the 
use: Qf mechanjcal structures such as water diversion bunds, graded 
bunds, loose boulder structures, etc., but also of the establish­
ment of good soil cover provided by well-fed crops. , . , 
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Changes in the cropping pattern 

Increase in area under kharif crops. The data presented in Table 1 show 
that the area under kharif increased progressively over recent years. 

Table 1. 'Area under kha rif crops in the project area (ha). 

Crop 1975-76 1976-77 1977-78 1978-79 1979-80 

Sorghum 173 169 320 320 368 
Soybea'n 85 . 127 119 228 341 
Maize 64 80 115 105 70 
% of net cultivated area 38 54 68 65 67 
Wheat (irrigated) 126 174 197 217 255 

(rainfed) 546 543 508 417 532 
Chickpea (irrigated) 16 29 21 30 27 

(ra i nfed) 628 670 570 550 525 
% net cultivated area 73 76 70 69 .72 

Introduct i on of improved/hi gh-yi el di ng crop vari eti es. Local var.i eti es 
have been replaced by short-duration improved and high-yielding varieties 
(Table 2). 

Table 2. Replacement of varieties. 

Crops 

Sorghum 
Soybean 
Maize 
Wheat 
Chickpea 

Traditional varieties 

Desi, piliaola 
Kalitur 
Satha 
Pissi, mal wi 
Desi 

Improved/high-yielding varieti.es 

CSH-5, CSH-6 
T-49, JS-2, Ankur, JS 72-44 
Chandan-3, Gange 5 
Narmada 4, Narmada 112 
Ujjain 21, Ujjain 24 

Increase in the double-cropped area. Normally double cropping is 
practiced where irrigation is available. But with the transfer 'of tech­
nology to farmers' fields the double-cropped area under rainfed tonditfons 
progressively increased with the time as shown in Table 3. 

Table 3. Area under double cropping (ha). 

1975-76 1976-77 1977-78 1978-79 1979-80 

Area 190 850 
Percentage 40 68 
a ' Late rai ns during September 1978 did not 

bRains occurred d~ring November 1979. 

1050 
52 

occur. 

1224b 

61 

," 
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Increased use of fertilizer (nutrients). Fertilizer consumption increased 
tremendously, through introduction of improved varieties responsive to fertilizer 
application (Table 4). 

'& Table 4. Fertilizer use (kg of nutrients). 

• 

? 

? 

Nutrient 1974-75 

4260 
3326 
712 

1975-76 

15931 
'.10630 

648 

1976-77 

4714 
10832 
4090 

1977-78 

16630 
10845 

840 

1978-79 

46126 
51624 

1241 

1979-80 

42309 
60372 
2708 

Note: 1. Due to the high content of 'potash in soils, potash was not recommended. 
However, due to the use of IFFCO, the amount has increased. 

2. Nonapplication of urea in top dressings, due to unfavorable weather 
conditions, resulted in less N consumption. 

Adoption of intercropping. Intercropping was readily popularized as 
it has long been a traditional theme of Indian agriculture. Amongst the 
improved high-yielding varieties the following combinations became popular: 
sorghum (CSH-5)/pigeonpea (Hyd.2); sor9hum (CSH-6)/soybean (T-49); sor9hum 
(CSH-5)/soybean (JS-2); sorghum (CSH-2J/soybean (T-49); sorghum (CSH-6J/ 
soybean (JS-2); and maize (Ganga-5)/soybean (JS-2). 

Increase in the average yields of kharif and rabi crops. Average 
yields of improved varieties of kharif and rabi crops increased considerably, 
as is evident from Table 5. 

Table 5. Increase in the average yield (kg/ha) of principal crops. 

Crop Variety 1975-76 1976-77 1977-78 1978-79a 1979-80b 

Sorghum Local 400 420 430 250 338 
Improved 680 1770 2030 1850 1003 

Maize Local 380 417 550 350 257 
Improved 860 1300 1500 1350 572 

Soybean Local 420 417 670 550 441 
Improved 560 933 856 975 630 

aThe September rain failed. 

bLate rains were received in November. 
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- Average tields of main cro~s in the Project area vs District and State 
averages. Average yields of important crops in the project area, when compared 
with those of Indore district, and State data, were found to be higher, as 
revealed in Table 6 .. 

Increase in cro~~ing intensity. The cropping intensity increased tre-
mendously through the adoption of appropriate technology for dryland agricul-
ture, as shown in Table 7. ...? 

Table 6. Compari son of average crop yi el ds in the State, Indore di strtct, 
and the project area (kg/ha), 1975-76 to 1979-80. 

Sorghum Maize Soybean Wheat Chickpea 

1975-76 
State 684 1150 838 854 640 
Di stri ct 799 720 678 719 569 
Project Area: 
All varieties 540. 620 490 936 508 
Imp. varieties 680 860 560 1155 578 
1976-77 
State 682 1101 553 766 520 • 
District 752 941 472 1029 380 
Project Area: 
All varieties 1095 859 675 1033 508 -<.:" 
Imp. varieties 1770 1300 933 1291 575 
1977-78 
State 754 831 725 911 510 
District 734 641 647 1092 494 
Project Area: 
All varieties 1230 1025 816 1017 538 
Imp. varieties 2030 1500 889 1275 625 
1978-79 

State 689 862 671 973 594 
District 602 765 646 1129 704 
Project Area: 
All varieties 1050 850 785 1211 583 
Imp. varieties 1850 1350 863 1544 705 
1979-80 
State NA NA NA NA NA 

-c 

Di stri ct NA NA NA NA NA 
Project Area: 
All varieties 695 380 515 NA NA 
Imp. varieties 1003 441 534 NA NA 

NA = Not available. 
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Table 7. Cropping intensity % of project area vs Indore district, from project 
commencement. 

1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 

Project area 

Indore district 

103 

110 

108 

110 

114 

113 

The croppi,ng program on mi sce 1 faneous 1 and 

131 

114 

140 

116 

131 

112 

139 

114 

The planting of grasses, and of trees for fodder, fuel, and fruits, on steep 
hill slopes has resulted not only in the increase of biomass from hillocks, 
but also in the reduction of the rates of runoff as compared' with that from 
bare hill slopes. 

Recommended trees and shrubs. 

For fodder and fuel: Lucaena lecucocephala (koobabool), 
Sesbania,aegytica, ~. grandiflora, 
Albizzia lebek, A. amara, Acacia nilotica, 
Oesmonthus virgaTus 

Fruits: Custard apple 

Recommended grasses. 

Nonlegumes: 

Perennial legumes: 

Useful imp~ements 

Guava ' 
Grafted plum (ber) 
Anola, jamun, mango 

Pennisetum pedicellatum (dinanath) 
Cenchrus ciliaris (anjan) 
Dicanthuim sp. (kel) 
Is'eilema lascum (mushel) 
Sehima nervosum (ponia) 
Stylosanthes hamata (very aggressive) 
S. sebra (most drought-resistant) 
I. guyanensis (fast in establishment) 
Siratro 
Clitoristernato 
Atylosia sp. 

The following implements were tested, evaluated, and demonstrated on farmers' 
fields, and were found to be suitable. 



Bullock-drawn implements 
Kenmore tool bar with tillage attachments 
Ri dgers 
Moldboard plow 
Disk harrows 
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Kenmore tool bar with tillage attachments (UK) 
Agricart with tillage attachments (ICRISAT) 
Tamil Nadu sweep as ,tillage implement 
Kenmore toolbar with SISIS seeder (UK) 
Agricart with Ebra planters (ICRISAT) 
MP seed-cum'-ferti 1 i zer dri 11 
Ti 11 planter 
Potato digger 

Livestock improvement 

Manually operated implements 
Jalo cultivator (UK) , 
Rotary hoes 
Maize sheller 

Feeding. The following varieties of fodders, grasses and trees 
were tested, evaluated, and found to be successful. 

Kharif fodder crops: 
Si ngl e cut 
t~u1ticut 

Rabi fodder crops: 
Oats 
Berseem 
Lucerne 

Sorghum Vidisha 60-1; 
Sorghum M.P. Chari, Sweet Sudan 59/3; 
Teosinte; and J-69. 

Kent; 
Diploid and tetraploid; 
T-9. 

Increase in milk yield. Milk production, as a result of better feeding, 
increased by 0.40 liter/day for cows and 0.65 liter/day for buffaloes. 

Upgrading of livestock. Jersey cross-breeding for local cows; Murrah 
cross-breeding for local buffaloes. 

INCREASE IN AGRICULTURAL PRODUCTIVITY AND FARMERS' INCOME 

1. Average yields of sorghum increased by over 500%, and of wheat by 
over '140%. 

2. Investment.on crops increased from RS.388/ha to Rs.700/ha, the gross 
income from Rs.560/ha to Rs.1300/ha, and' net income from Rs.172/ha to 
more than Rs.600/ha. 

3. The human labor and bullock power utilization increased by over 50%. 
An additional utilization.of about 24000 man-days and about 6000 
bullock-pair days was created during 1974-75 and 1978-79. 

4. The new technology requiring more labor and bullock power is better 
suited to small farmers, who, therefore, derived higher benefits than 
big farmers (Table 8). 
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Table 8. Benefits derived by farmers in different size groups. 

Size group Intens i ty of Total Gross income Net income 
cropping expenditure 

(ha) (%) (Rs./ha) (Rs./ha) (Rs./ha) 

Up to 2.0 163 792 1696 
2.1-4.0 150 702 1461 
4.1-"8.0 142 736 1423 
8.1-12.0 127 716 1283 

Above 12.0 110 528 1035 

5. Milk production increased by 0.40 liter/day for cows and 
0.65 liter/day for buffaloes. 

905 
759 
687 
568 
508 

6. The Cooperative Society, defunct because of overdues of Rs.600,000/-, 
started functioning again as most dues had been paid. 

7. Investment in permanent improvements increased, as indicated by 
the digging of about 40 new open wells. 

·8. The number of power threshers increased from· 3 to 45. The farmers 
have learnt to operate and maintain their power threshers themselves. 

9. Twenty cross-bred calves/heifers were produced through A.I. 

CONCLUSION 

Viable technology for developing mixed farming on rainfed areas of Madhya 
Pradesh is now available. The technology consists of a multidisciplinary 
approach for exploiting land and water resources on a catchment basis, by 
adopting appropria~e. land and water management practices to control soil 
erosion and waterlogging and to control runoff and recycle it, by the 
growing of crops in kharif over as much area as possible, by choosing 
crop varieties according to soil depth and land slope, and by improving 
the livestock by better feeding and upgrading it through breeding. 
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RECOMMENDATIONS FOR ACTION 

1. The available dryland farming technology is capable of producing two 
crops in the dependable-rainfall areas of deep black soils, and of raising 
a single crop in the case of low-rainfall and medium and shallow black -soil 
areas. The new technology should first be tried on a pilot basis under a 
development program and Central and State Agricultural Departments should 
take up this program. Dryland farmers must be provided with technical and 
fi nanci'a 1 assi stance. The Government coul d gi ve loans and grants to encourage 
the farmers. The loans could be repaid quickly if the profits reaped were 
significant. Credit institutions and supporting services should be made 
effective in benefitting small and marginal farmers. Cooperation among 
farmel's wi 11 also have to be ensured for the imp 1 ementati on of soi 1 and 
water conservation measures.-

2. Demonstration projects, similar to the one that the Andhra Pradesh 
Department of Agriculture is undertaking in Medak district, or the Indo-UK 
Project at Indore, may be initiated. For the transfer of technology within 
this conceptual framework, pilot-project areas of about 10,000 ha each, 
preferably in the dependable rainfall areas of Madhya Pradesh, Maharashtra, 
Andhra Pradesh, Karnataka, and Gujarat, may also be developed. It will be 
'worthwhile to develop cropping plans for each farm holding -and arrange -
credit and supplies (fertilizer, seeds, etc.), including access to the 
wheeled tool carrier or a seed-cum-fertilizer drill that could be used 
on a collective ownership basis or on hire . .These project sites could also 
be used for demonstrations to farmers, to facilitate the exchange of 
knowledge and experience. There is an urgent need to fabricate cheaper 
versions of the wheeled tool carrier developed by ICRISAT. 

3. Policy-makers from the research, extension, and development agencies 
of Madhya Pradesh, Maharashtra, Andhra Pradesh, Gujarat, Karnataka, and 
Tamil Nadu should visit ICRISAT and rCAR Centers and their operational 
on-farm research projects in Medak district and elsewhere. A 1-3 day 
visit in July to September 1981 for a group of 5-10 persons from each 
State is suggested. This program may be coordinated by the Directorate 
of Extension in separate negotiation with ICRrSAT in regard to the 
utilization of this facility for training, etc. 

4. Five typical Vertisol areas in the dependable rainfall regions 
(>750 mm/yr) of Madhya Pradesh, Maharashtra, Andhra Pradesh, and Gujarat 
may be selected for setting up operational-scale research projects on 
different crops according to the agroclimatic conditions of the respective 
regions. An area of about 10-30 ha in each region is recommended. The 
operational project sites may also be used for the training of extension 
workers, soil conservationists, and farmers, by encouraging frequent 
visits to the sites. ICRISAT can-assist in a training program organized 
jointly with the All India Coordinated Research Project for Dryland 
Agriculture. 
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5. The watershed approach may be adopted for the development of rainfed 
areas for maximum rain-harvesting and the preservation of runoff. Treatments 
such as the graded broadbed-and-furrow system, that facilitate the inter­
cropping of cereals and pulses or the sequential cropping of cereal-pulse­
oilseed, may be advocated because they increase the production per unit 
area considerably. Such development may be assisted by adopting a community 
approach on small holdings and an individual approach on large.holdings. 
State Governments would identify areas wherever the above recommendations 
can be implemented. "'_' 

6. Other components of the technology may include the following. 

a. Land management practices that reduce runoff and erosion, and 
that give improved surface drainage with better aeration and 
workability of the soils. 

b. Cropping'systems and crop management practices that permit the 
establishment of the crop at the very beginning of the rainy 
season., make efft,c,ient use of moisture throughout the rainy' 
and postrainy seasons, and give high sustained levels of yields. 

c. Implements for cultivation, seeding, and fertilizing that enable 
the required land and crop management practices to be efficiently 
carried out. 

7. Scientists of ICRlSAT are of the opinion that this technology may result 
in achieving a food grains yield potential of at least 3 tonnes/ha on the 
Vertisols, provided there has been improved field drainage, dry sowing ahead 
of the monsoon, use of high-yielding varieties and fertilizers, use of 
improved seed-cum-ferti 1 izer dri'lls (to ensure proper seed pl acement and 
good stands), appropriate plant protection, timely harvesting, good post­
harvest technology, etc. 

8. Some pilot projects should be undertaken with water-harvesting structures 
to demonstrate the usefulness of the technology that has been evolved by 
ICRlSAT and the ICAR Research Centers. Water harvesting might also be useful 
for groundnut cultivation in the Saurashtra region of Gujarat. 

9. rCAR and ICRISAT may also intensify their research activities on rainfed 
farming and may be in constant touch with State and Central Government 
Departments of Agriculture for their feedback on the subject. To ensure good 
coordination between relevant institutions-eg., lCAR, ICRISAT, the Depart­
ments of Agriculture-Seminars such as the one currently reported should be 
organized more often. 
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