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Foreword 

The importance of dryland agriculture to total food productIon in Indi a 
well as to the prosperity of dryland farmers n eds no emphasIs Th ICAR 's 
All India Co-ordinated Research Project for Dryland Agriculture h 5 b II conduc­
ting adaptive research on various aspects of dryland agriculture through it 23 
cooperating centres located at various regions of India . The Prol ct hilS compl t d 
a decade of fruitful research and has come out with simpl implomentabl 
recommendations on dryland crop production practic s. 

The end of a ten year period is on appropriate time when tho scien ti 
engaged in dryland Agricultural research shou ld critically revIew the p st r ults 
and draw-up priorities for the immediate as well as long term lutur require 
ments. One of the best ways of achieving this goal is to organis a seminar 
which brings the scientists concerned together for discussion, exch nge of id 5 

and consensus on decisIons. It was done. The National Semin r "A 0 cade 
of Dryland Agricultural Research in India and Thrust in the Elghtias" was held at 
Hyderabad from 18·20 January, 1982 wIth the following obj ctlV 5 : 

i. To take stock 01 the achievement 01 tho dryli:lnd resee'ch dono during th 
decade 1971-80 

ii. To identify gaps in dryland knowledge and technology 

iii . To set out dryland agricultural research and develo!)ment priorities lor the 
eighties. 

There were nine technical sessions. which hllv COV r d almost 811 the 
aspects of dryland agriculture- cropping sys tems. crop prot ction. nutrient lupply 
resource management, implements economics. fl Id t sting otc The a mrn r 
was so planned that in each session there were complem ntary pr s nt tlons of 
review.. and views by the scientists 01 the All India Co-ordln ted Re rch 
Project for Oryl and Agriculture as well as the ientllts WI h common interest 
from other research institutions. ThIS approach has relulted in fr flow of 
knowled:Je from different angles A uniform format of pr sent tion of articl • 
hiS not been followed . It may be appreciated tha t. as the nature of content. 

~ 

vastly ditfer. the contributor has chos.n his own style. ~ 

One of the results of th is successful seminar is th is publication which 
contains almost all the papers contributed by experts in re pon to my invit -
tion.. It is not merely a documentation Hopefully the inform tion. dlta. inter­
pretation, views, suggestions for future etc 8vailable in th various erticl will 
8110 be of value to scientists of other dlyland 81e • of the world. 
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KEY - NOTE ADDRESS 
O. P. GAUTAM 

Hon'ble Minister for Agriculture, Mr. Chanamolu V nkota Rl\o, DistlOgUI h d 
Guests and Fellow Scientists : 

I am indeed very pleased to participate in this National S minor on 
"A Decad of Dryland Agricultural Research tn India and Thrust in th Elghti 
It was on May 5, 1979 that I had the opportunity to sh r my thought nd 
benefit from the deliberations of the scientists participating in tho Annuol 
Workshop of Dry1and Agriculture Project. This Seminar provld S good opportunity, 
therefore, to know the prOgress made during last three years 

Dryland Agriculture and Food Production 

Out Of 143 million ha of cultivable land In India 108 million h II und r 
rainfed agriculture, i.e ., drylands constitute about 75 percent of arabi land. 
They contribute about 42 percent of toodgrains, almost all of coors gratns nd 
about 75 percent of pulses and oilseeds. More th an 90 percent of sorghum, 
pearl millet, peanut and pulses are grown in arid and aml -alld are s. About 
two-thllds of rice and rapeseed- mustard and one-third of wh at re grown in 
rainfed areas. 

To-day, out of about 135 million tons of food produced. about 60 million 
tons are contributed by drylands. Efforts are being made to bring mor ar 8 

under irrigated agriculture and thus to increa th cropped re ; but v n 
when we achieve our target of 1'3 million ha under imgatlon by th year 2000 
A, D. we would still have about 45 percent area under ra inf d gricultu r . 

While we shall continue to stress int nsiv agriculture on uri at d 
lands, we could not afford to be complacent w ith our dryland agriculture ,inc 
its contribution towards total food production would continue to be signi fican t 
Intensive irrigated farming is an imperative for survival but improv d dryland 
agriculture is necessary for 'equity' , Also, we can not achl ve tability In food 
production without a stabilised dryland agricultur 

ain Character istics of Dryland Agriculture 

Arid and semi-arid areas are characterised by I.)w crop yield and high 
yield fluctuations, In these areas the mean annual potential evapolfan pitation 
fixe eds the mean annual rainfall which ranges from 350 to 1400 mm. Soli. ar 
either black (verti ols) or red (alIi ols) Such ar oft n .uffer from periodic 



droughts, floods, soil erosion, poor quality drinking water. unemployment, low 
income and malnutrition, These are areas where poorest of the poor live. 
Yet these are areas which provide much of our millets, pulses and oilseeds and 
also the important raw materials like cotton and groundnut. 

Doubling the Production on Dryland is a Distinct Possibility 

Based on the experimental data of the Dryland Project the average 
yield of crops in low, medium and high rainfall regions w ere as follows : 

Classification in Approximate Average crop yields (q fha) 
terms of ramfall area (M hal Farmers' Research 

(mm) fields plots 

Low « 750) 37 .65 4.0 100 

Medium (750- 1150) 37.65 8.0 19.0 

High ( > 1150) 33 .70 10.0 30.0 

Average 7.3 19.7 

It is evident that crop yields on drylands can be increased 2-3 times 
w ith th use of improved technology. 

Presently drylands are contributi ng about 60 million tons of food grains 
and 12 million tons of oilseeds. The average yields are low but the production 
pot ntlill with the available technology is about 200 million tons. Even i f 50 
perc nt of the potential yields are realised. the drylands could contribute about 
144 million tons i . e., doubling the pre1>ent contribution from drylands is a 
distinct possibility and a realisable goal. 

ConSidering the performance of sorghum and pearl millet during 
the last 5 to 8 years, It would appear that rainfed agriculture can contri­
but mor than what is projected for the Sixth Pian. The per hectare yields of 
rainfed cereals (sorghum, pearl millet and finger millet) over the lilt eight years 
have already Increa ed by about 50 percent. Even in the case of pulses and 
oil ed yields per hectare can be increased by at least 60 percent by using 
avail bl improved varieties and technology. 
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Some of the areas which offer clear potential for additional product ion 
of pulses and oilseeds are : 

S tat e 
Area First crop Second crop (M ha) 

1. Maharashtra 1.0 Sorghum or Safflow r 
(VidIHbha) Greengram 

2 Madhya Pradesh 1.5 Sorghum or S fflower or 
(Malwa Plateau) Maize Chlckpe 

0.5 Rice Chickpee or 
Safflower 

3. Bihar 05 Maize Pigeonpea or 
(Plains or Plateau) Lins ed 

0.5 Rice LInse d or 
Chlckp 8 

4 . Uttar Pradesh 1.5 Maize or Rap IMu tard 
Pearl millet or Chlckp 

1.0 Rice Chickp a 

Total : 6.5 

Organisation and Oevolopment of Dryland Agricultural Resurch 

Research in the area of Dryland Agriculture was initiated al early as 
1933 in the ICAR sponsored five dryfarming re sea rch centres 10CBt d 8t 
Rohtak, Solapur, Bijapur. Raichur and Hagari. This scheme con tInued for t n 
years. The recommendations emerging from these cen tres emphasl d bun(/tng 
to conserve soil and water; deep ploughing for improved water intake and Itorag ; 
use of farm yard manure to supply plant nutrients. and use of low s d r t • 

wide row spacing, and interculture of creps for efficient u of the Itmitt'd 
moisture in the soil. However, the marginal return of 15 to 20 percent over th 
base yield of 200 to 400 kg/ha did not enthuse the larm,rs very much to adopt 
these research results. 

The establishment of soil conservation res arch centrel rn th mid·',hies 
was another effort to improve dryland farming under arid and. ml · arid cond" 
tions. The project aimed to intensify work on land ule clallif,c.llon, monitoring 
of rainfall patterns. runoff collection. fertil,ser u etc. Th imp ct of th I 
programme was not also visible until short-duration hybrids/high Vi Iding 1I."e-
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ties of sorghum (CSH-1), pearl millet (HB-1) and cotton (PRS) became available 
for cultivation. These hybrids/varieties grown with improved dry farming 
methods represented the first major advance in the dry farming agriculture in the 
mid- sixties 

A D.cad. of Drvland Agricultural Research 

The All India Coordinated Research Project for Dryland Agriculture was 
formally launched in June 1970. It was a multidisciplinary research unit with 
23 cooperating cen tres located in typical agroclimatic zones. I am reminded, at 
this point. of the late Dr. Ch . Krishnamoorthy who was responsible for organising 
and initiating the Dryland Agricultural Research Project in its present form and 
who made valuable contributions towards rationalising our thinking and approach 
towards dryland agriculture To-day, we miss him. We remember him with 
reverence . He would always be remembered for the scientific advance we made 
in dryland agriculture which was his dream and to which he was totally 
dedicated. 

This project has generated during the last ten years considerable data 
and information on improved methods of moisture conservation and use; timeli ­
ness of preparatory tillage and seedin\! operations; establishment of adequate 
crop stands; effective weed control; efficient fertilizer use; new cropping patterns; 
crop life -saving techniques; and mid-season corrections in crop planning in the 
drought-prone areas Adoption of these improved soil, water and crop manage­
ment practices can reduce fluctuations in production from year to year. Based 
on climatic and water-balance studies, tha growing seasons have been identified 
for all the 23 regions where dryland research centres are situated. It is now 
known that with 10 to 20-week cropping season, only a single crop can be 
taken (100 percent intensi ty) . With 8 30 to 50-week period. double 
cropping (200 percent intensity) is possible where rainfall is in excess of 850 mm 
and profile moisture storage capacity is in excess of 200 mm. For regions with 
8 20 to 30-week growing season. cropping intensity can be increased through 
intercropping in areas where rainfall exceeds 500 mm and profile moisture 
storage capacity is well above 100 mm. 

Crop. and Cropping Systems 

Different crops and cropping systems have been identified for fuller 
end more efficient utilisation of rainfall and stored moisture under different soil 
profile conditions. Optimal plant populations have been determined for 
recommended high yielding varieties under different farming situations. 

With the development of new varieties with shorter duration. wider adap­
tability and photo-insensitive character, new possibilities of growl ng pul"s and 
oil ,Is In non-traditional areas are opening up. A number of new inrercropping 
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and double cropping systems with millets. pulses and oilseeds have been 
evolved under Oryland Agriculture Project for various agroclimatic regions of the 
country. 

It has been extensively demonstrated that almost full yields of the base 
crop and additional yield of the intercrop could be obtained resulting in Land 
Equivalent Ratio (LER) upto 1.60. What is needed is to popularise use of seed 
drills and improved seeding msthods of inlercropping and double cropping 
systems under receding moisture situations. optimizing the use of the high cost 
inputs, such as fertiliser and capitalising on the advantage of a legume component 
in the system. Similarly. weed control and pest management in these systems 
warrant fuller attention and studies. 

As I mentioned earlier. new possibilities Me opening up to grow pul es 
and oilseeds in non-traditional areas. Examples are the early post · rainy or late 
rainy season pigeonpea in Bihar, eastern Uttar Pradesh, Malwa plateau and 
Vidarbha regiol1s; groundnut in Ranchi plateau and Bundelkhand region ; castor 
in the seirozems of north -west India. southern Tamil Nadu and field beans in 
Deccan region . But new problems may come up as these crops move to new 
areas, e. g. pigeonpea sown lale has the problem of sterility mosaic There is 
need, therefore, for a close follow -up. At the same time there is need to 
introduce and adopt new crops that hold out promise in both trad itional and 
unconventional areas, e. g. we havo developed sunflower hybrids and cul tivars 
and an earn4st effort has to be made to make the best use of sunflower in our 
cropping patterns. 

Water Harvesting 

The source of water for drylands is rainfall and with an average annual 
rainfall of 1020 mm in India, we get about 370 million hectare met r of 
preCipitation. Of these, 120 million hectare meter are lost thr ough flow 
into river. Of the remaining, only 43 million hectare meter are available for 
assured water supply to crops. By minimising evaporation IOSS8S and 
harvesting rain water, more area can have assured water supply for growing 
successful crops. 

Efforts have been made under the Oryland Agriculture Project to harvest 
fain water in two ways-(i) water harvesting, In ' Sltu and (ii) Runoff collection 
and recycling. Water harvesting in-situ was attempted by .everalland configura­
tions. e. g. broadbed and furrow system. developted by ICRISAT, ridge and 
furrow on grade etc. The experience of water harve ting ind cates that the effect 
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of land configuration was about 15 percent . We would have to establish 
beyond doubt that water harvesting Ifi Situ gives vis/hIe yield incre8ses. 

The progress in adoption of water harvesting methods has been slow. 
The runoff management techniques need to be refined to suit the dryland farmers. 
Approaches to suit individual farm situations as also community watersheds need 
to be worked out, e.g. pond size for different size of holdings or group of holdings. 
In addition to pond size, more work needs to be dnne to find feasible methods 
to prevent seepage losses in light soils and identifying efficient lifting devices. 
A coordinated interdisciplinary effort involving agronomists and engineers 
is called for. 

Integrated Nutrient Supply System 

Fertilisers pay in drylands. But in vi w of tha increasing cost of 
fertilizers, it is necessary to look to integrated nutrient supply system. Such a 
e system should also suit the poor dryland farmers . 

The role of legume in cropping systems is receiving attention but the 
residue management is equally important. Organic matter in the form of cereal 
and legume plant parts avai lable on our cropped lands in 'ainfed areas for recy­
cling are huge. Whatever crop residues go as animal feed can again be returned to 
land as farm yard manure and dung Organic farming concept has to be promoted 
and associated practices developed since this can result in the saving of energy 
upto 40 percent with considerable improvement in soil conservation . The 
organic farming sys tems as we know rely upon crop rotations, crop residues, 
animal manures, legumes, green manure, off-farm organic wastes, mechanical 
cultivation, mineral bearing rocks, and aspects of biological pest control to 
maintain soil productivity and tilth, to supply plant nutrients, and to control 
insects, w eeds and other pests. 

Studies on finding out more efficient strains of rhizobia and possibilities 
of utilising other N-fix ing microorganisms such as AZospirilum and Azotobactor 
associated with rhizosphere of various legume and non- legume crops need to 
b intensified . Likewise, ways to nhsnce fertiliser-use efficiency have to be 
worked out to minimise the use of chemical fertilizers. 

Intagrated Pest Management 

An integrated approach including biological , cultural and chemical 
methods to control insects, diseases and pests i. called for since pest manage­
ment is crucial to the success of dryland agriculture. 

l • 
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firm Machinery 

Developing suitable simple bullock-drawn farm implements and machi­
nery is even more important under dryland agriculture than lInder irrigated 
agriculture because timeliness of operations is most crucial and the time available 
for carrying out operations is rather limited and beyond control. Results obtain d 
indicate that widening plant rows without reducing plant population does 
not reduce yields but it saves energy and helps to cover larger areas for a given 
rainfall event. Further, by adopting off-season tillage the available bullock 
resources could be efficiently used over time to cover more area for land 
preparation and weed control. 

Some seed-cum-fertilizer drills have been developed, but only a few 
seem to have gone beyond the precincts of the research farms. Even those 
that have gone out suffered due to quality control. Our agricultural engineers 
have an improtant role to play in this connection . 

Optimised land Use Patterns 

In view of our limited land resources for the fast growing population 
and in view of the current land use patterns, an all-out effort has to be made to 
(a) contribute towards soil productivity through organic recycling and (b) produce 
more biomass from marginal degraded lands with appropriate farming systems. 

Research has been initiated by the All India Coordinated Research 
Project for Dryland Agriculture on agro- pastural and agro-forestrv systems 
but a great deal more need to be done. The work done at the Indian Grassland 
and Fodder Research Institute, Jhansi and Central And Zone Research Institute , 
Jodhpur should also be taken into consideration while planning these tudies. 
Under dryland agriculture, there i:; need to promote mixed farming systems with 
suitable combinations of arable crops, livestock species, and trees and grel e 
as components Not enough effort has gone to capitalise on the complementa­
rity of field crops and tree crops. These farming systems are synergistic in term. 
of nutri8,1ts shared and contributed within the SYltem either through biological 
fixation of nitrogen or siphoning off nutrients from deeper layers to 
the suTfac&. Tree farming. arid-horticulture and energy plantations could be 
promiSing areas for further investigations. In fact for some of the water- logged 
black soillJreas presently growing single crop, rice-cum- fish cullure need 10 be 
explored. Growing leuceanH and ACICIIIOffIII$ w ith Cenclrru$ e,l'lf'$ as Intercrop 
has been demonstrated as a successful associat ion beyond doubt at Indian 
Grassland and Fodder Research Institute and Centr.' Arid Zone Research 
Institute. Similar combinations of crop, "ee and shlub species . hould b 
worked out for each dry farming region. 
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International and Inter-Institutional Collaboration 

Realising the importance of strengthening the dryland agricultural 
research, we made every possible effort to attract international assistance. In 
this case, we had the collaboration with CIDA with assistance from the Canadian 
Government from the very beginning and we were greatly benefited from It. 
Likewise, Government of India invited the CGIAR to establish ICRISAT in India. 
I must say that our working relationsh ip with ICRISAT has been most rewarding. 
In future, we shall have to zealously guard against possible duplication between 
national and international research effort. We certainly look to the international 
scientific communi ty for more basic and mission-oriented research to overcome 
some of the more difficult problems and develop new methodologies to accelerate 
the pace of scientifiC advance. As in the case of CIDA, INDO-UK collaboration 
in Dry Farming has been equally fruitful at Indore. We deeply appreciate the 
assistance received through these agencies. Equally important is the collaboration 
between national institutes-ICAR 'S own Institutes and Agricultural Universities. 
We have established an extensive network . We must use it even more 
effectively. 

Trans'er 0' Technology 

We have millions of small farm holdings and problems of dryland 
agriculture are particularly location-specitic. In order to develop technology 
for drylands and transferring it to the user, it is very necessary to involve the 
farmer himself in the eKtension process. He should be considered as a participant 
in tt11s exercise and not just a user. This then calls for identifying the location 
specific requirments and priorities and need-based technologies. It was to meet 
this need that ICAR had associated "PILOT PROJECT" with each Dry Farming 
Research Centre under this Project. Later, to meet the need for skill training 
Krishi Vigyan Kendra specifically for Dry Farming was established. The Pilot 
Project or Operational Research Projects are expected to identify the constraint. 
on the adoption of recommended technologies as well as to adapt the technolO­
gies to specific locations and , farm families. Past experience indicate that 
the process of constraint analysis needs to be greatly refined. 

That the improved dryland practices pay is amply established. But the 
technology is not getting transferred to the farmers. There seem to be unique 
features of technology adoption. Weather being unpredictable. risks 
are higher and the element of m8nllgemenr is crucial in dryland agriculture_ 
Spe d snd timeliness of operations determine success or failure. Keeping in 
view the problems encountered in moisture conservation, water harvesting, plant 
protection. and adoption of farm machines. group action would seem to be crucial. 
Along with technologies. cooperative effort would have to be organised. Some 
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of the unconventional approaches would have to be adopted for extending loans 
and subsidies to dryland farmers . Insteaa of cash subsidies, 'service subsidies ' 
may have to be thought of. The whole management approach w ill have to be 
linked to each watershed. Risk factor will have to be neutral ised by providing 
insurance or minimum yield guarantee against crop failures . On the one hand 
research programmes and strategies will have to be developed to conserve our 
na tural resources-soil and water-and on the other, they will have to be tai lored 
to human benefits- employment potential, income generation and nutrition . 

Dry farming is a challenge for the eighties . This is an opportunity to 
fulfil our plqdge for the poorest of the poor . I have no doubt. fellow Scientists, 
th at your efforts and contributions will help the Nation to fulfil thi s pledge. 
I wish your deliberations all success. 
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INAUGURAL ADDRESS 

C. VENKATA RAO 

Dr. O. P. Gautam, Director- General. Ind ian Council of Agricultural Research, 
Honourable Guests, Distinguished Scientists, Ladies and Gentlemen : 

It gives me great pleasure 10 be here with you today to inaugurate the 
National Seminar on Dryland Agriculture and also learn what the Indian Council 
of Agricultural Research is doing to improve the lot of the dryland farmer 

I am heartened to hear Dr. Gaufam 's key- note address which has shown 
the excellent potential of increasing food production from drylands as well. I 
am particularly happy when he brought out the immense scope of increasing 
production of the much needed pulses and oilseeds through increasing the crop 
intensity in the high rainfall areas . Similarly, his advice for the researchers to 
acquaint themselves with the real -farm situations while developing need-based 
technology is moat timely . I note with urgency the unconventional steps he 
sought the Government to take to improve crop production in the drylands. 

I, coming from a farming familv, always feel that the drylands and wet 
lands are two eyes to the farmer. Both systems of farming are equally important 
to bring about increase and stability in crop production . 

Drylands in Andhra Pradesh 

In Andhra Pradesh, we have 11 .3 million ha under plough, of which 
69 per cent are rainted. hen with full exploitation of the water resources, 
about 52 percent land would still remain rainfed by 2000 A. D. Thus, we will 
have to increase and stabilise crop production in these drylands, if we have to 
m et the needs of the grow.ng millions. In the years to come transport would 
be a bigger constraint and hence it would be necess Hy to produce the food 
and fodder requirements ot a given region in that region itself. 

Hydtrabad · A Veritable Centre 01 Agricultural Research 

At thi, juncture, I like to offer my sincere appreciation to Dr. O.P. Gautam 
in particular. and Government of India and the Indian Council of Agricultural 
R search in ganeral. for the ger.erosity and interest shown by them in establishing 
l everal agricultural institution in Hyderabad. Among them are: 

1. All India Coordinated Sorghum Improvement Project and the Regional 
R I arch St tion of IARI 
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2. All India Coordinated Rice Improvement Project . 

3. Directorate of Oilseeds Research 

4. National Academy of Agricultural Research Management 

5. All India Coordinated Research Project for Dryland Agriculture 

6. All India Coordinated Soil Test Crop Response Project 

7. National Institute of Rural Development 

8. Directorate of Oilseeds Development 

9. Zonal Rice Development Directorate 

10. Regional Station for Forage PrOduction and Demonstration 

". International Crops Research Institute for Semi -Arid Tropics (ICRISAT) 

Besides these pivotal institutions, the State Agrkultural University is 

participating in as many as 40 Coordinated Projects in different disciplln s. Wo 
have NARP programme at the following centres : 

, . Tirupathi, Chittoor 

2. Lam, Guntur 

3. Palem, MahaboobnagBr 

4. Jagitial, Karimnagar 

5. Nandyal , Kurnool 

At Rajahmundry, we have the Central Tobacco Rese arch Institute of the 
Indian Council of Agricultural Research . 

I hope all these efforts of ICAR. Government of India and InternatIonal 
bodies jointly with our State counterparts would lead to quantum Jumps in all 
spheres of development at farm level . 

Further, I am tempted to request the chief of ICAR to always consider 
this state with such an excellent infrastructure facil it ies as a 'take-off' ground 
for any new venture in agriculture research and educatron . To improve working 
efficiency we have divided our state into 6 zones and appointed Zonal Senior 
Directors of Agriculture who would be responsible for the agricultural production 
programmes in totality for the respective zones. Similarly, may I suggest to 
you . Dr. Gautam, to consider creation of Zonal Deputy Directors -General of ICAR 

of which one can be located in Hyderabad for the Southern Zone . 

" 



Productivity of Dryland Crops in the State 

As per the Bureau of Economics and Statistics, the dryland crop yields 

over the last 25 years have been as fOllows: 

Crops 

Sorghum 

Pearl millet 

Maize 

Finger millet 

Groundnut 

Sesamum 

Castor 

Productivity (q/ha) 

1956-1957 1980-1981 

4.4 6.3 

4.9 6.5 

5.6 12.6 

9.7 9.7 

9.1 6.6 

2.2 1.5 

1.9 1.0 

In other words, there is some increaSI3 in yield of coarse cereals, except 
finger millet. In the case of oilseeds there has been a decline in thfl ploducti­
vity ov r the lasl 25 ye ars. With pul ses the picture is encouraging, the total 
production being 2,77,000 tons in 1956-57 and 4, \ 5,000 tons in 1980-81. 
This is largely because of the concerted effort to grow short duration pulses like 
greengram and blackgram in rice fallows. 

Production Problems 

Coa", ca,ta/r: In the recent past, striga on sorghum has become a 
serious menace in certain areas of the state , more so with the high yielding 
varieties/hybrids . Grain deterioration is yet another problem with these varieties. 

PilI".: Yellow mosaic virus on greengram, sterility mosaic and pod 

borer on pigeonpea have assumed serious dimensions. 

Oll,"d.: We thought of solving the problems of groundnut production 
by increasing area under irrigation. So we started taking winter groundnut. 
But bud necro is has become! a .erious menace. In castor, semi looper control 
through biological means was attempted in our state with some success. 
The d clining yield of oilseed with their associated problems make me 
feel v ry uneasy. All-out efforts to avoid the pest menace and finding out new 
venues to grow this much needed commodity should be of utmost considers-
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tion for the State. Dr. Gautam talked of sunflower I also desire that we should 
reexamine the place of this crop. particularly because of its short duration and 
high quality oil. 

Place of Seed 

The other day. I was speaking at the Seed Seminar where it wa. pointed 
out that the public sector undertakings should go all out to produce more and 
more of certified seed of oilseeds Seed is the catalyst in the whole progra­
mme of crop production and the declining yield trends in oilseeds might be 
halted and even made to move up if good seeds are made available. 

Here again. I thank the ICAR for providing us w ith the Seed Technology 
Research Unit in the Agricultural University. which I hope will help in prop r 
technology for storage of seed of oilseed crops. 

Rainwater Management for Boosting Yields 

The main source of water for drylands is the rain water. I am told that 
the Dryland Project and ICRISAT are carrying out experiments for storing rain 
water in ponds and recycling it for the needy dryland crops . Dr. Gautam 
pointed out that the cost of such a programme should be borne by the Govern­
ment. I think this needs a qUick examination and I believe it is a potential 
programme for bringing stability in drylands. I also feel conjunctive use of 
groundwater should become the concern of the dryland ,cientists. 

In our state gully plugging and construction of checkdams for improvin(1 
ground-water re-charge is being attempted Such an approach might be 
particularly useful in areas grown with groundnut. 

Governmental Action to Improve Crop Production in Orylands 

Thanks to the excellent cooperation between the State Department of 
Agriculture. A P. Agricultural University and ICAR organisations situated in 
Hyderabad. a big effort with moderate success has been mad to improve the 
lot of dryland farmers in this state. Among other things it include •• ; 

i . Supply of improved seed on seed exchange balis 
ii Minimum Yield Guarantee Programme 

ill. Crop-insurance scheme 

Besides what is normally available for the farmers as subsidy under IRDP. 
our government has allowed seed exchange on barter basis i. e.. improved seed 
being aupplied against local varieties to the farmers . Thi. was done for cro 
like sorghum, pearl millet, maize and castor. 
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Under the Minimum Yield Guarantee Programme, the farmers were trained 
in improved crop production technology and were inspired to obtain higher 
yields by adopting the new cropping practices. This has been a grand success over 
the fast two years . It is being implemented at the rate of 60-80 hectares pet 
sub-assistant on important crops over the State . This programme has shown 
to the farmer the increased potential in drylands . 

Crop insurance scheme is implemented on an experimental basis in a few 
blocks covering rice, sorghum and ground nut and we look forward for the 
results . 

Need for Training 

As Dr. Gautam said, the dryland farmer has to be trained to take timely 
judgement as the crop grows from seed to seed . And for this, intensive coach­
ing through 'Iearning -while -doing' must be attempted. I hope the T and V 
system proposed for the State will provide thi s base. If need be, I would like 
to ask my Director of Agriculture to examine th e scope for exclusive staff for 
this purpose and look to ICAR and APAU for providing the need -based train ­
ing to the trainers. 

Being a farmer, I appreciate very much the concern of the Director- Gene­
ral in asking you all to tAke the farmer as a participant in the programme of 
development of the technology. 

Epilogue 

To sum up, I like to remind you, ladies and gentlemen, that the dryland 
farmer is by and large a poor farmer and crop production is beset with consi­
derable risk . So most efficient agricultural systems built on the locally availa­
ble resources should be the endeavour of all of you. I strongly feel that you 
must provide alternative strategi s to meet the different economic situations as 
well as weather aberrations. 

I am glad to inaugurate this National Seminar on Dryland Agriculture 
and look forward to your very useful recommendations for adoption by both 
researchers and extension workers to improve the economic condition of the 
dryland farmers. 
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CROPPING SYSTEMS FOR DRYLANDS 

MAHATIM SINGH 

Indian agriculture is predominantly ramfed agriculture Approximat Iy 75 
percent of the cultivated land is fainfed and covers regions receiv in mean 
annual rainfall of 400 to 1125 mm in two to five months . About 45 p rcent 
of the nation's food is produced on dryland and any serious fluctuations in it 
is bound to affect the nation's food supply. 

The success of crop production in rainfed areas depe nds mostly on mon­
soon rains . Poor yidlds and uncertainty in producing even such yields are twin 
problems of rainfed areas, The major caUSb of such problems has be n the 
errat ic and undependable nature of the rainfall during the monsoon months 
Erratic monsoon coupled with inadequate rain w ater management techniqu As 
and traditional agronomic practices fu rther reduces the chances of improving 
production in such areas. The research results obtained through All India 
Co-ordinated Research Project tor Dryland Agriculture in the past 10 ye rS have 
clearly revealed that there still exists an untapped yield re ervoir in ralnfed areas 
wh ich can be exploited by adopting suitable resource and agronomic manage­
ment. The extent of such a reservoir in the states of Uttar Pradesh, Madhya 
Pradesh, Bihar and Orissa is indicated in Table 1. 

Traditional Cropp ing Pattarn 

Most Cropping patterns followed in the rainfed areas of the country bre 
based on the traditional systems of subsistence farm ing where every farmor 
tries to produce everything he needs; however. most of the larger farmers do 
produce for the market The evolution of cropping system is determined 
mainly by the physical characteristics of land, climate, availability of labour 
and capital and need of the house-hold for food and fodder . Until recen­
tly. crop production was based on the utilisation of the inherent fertility of 
the soil without use of modern inputs such 8S fertilisers, pesticides ate. 

The varieties grown in dryland are of long duration which Invariably 
suffer from moisture stress after the stoppage of monsoon rains. Natural selec­
tion operated in favour of survival rather than productivity. They hardly 
respond to Inputs and high level management. Hence thes traditional 
cropping systems are characterised by low and unstable yield. 
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Table 1; Untapped yield reservoir in rainfed areas 

Average grain yield (Q/ha) 

Regions Crop Farmer's Research 
field station 

Uttar Pradesh 

Varanasi Upland Rice 8.6 25,0 

Pearl millet 7.4 14.0 

Black gram 3.8 " .7 
Barley 7.7 25.' 
Chickpea 6.2 27 .7 

Mustard 5.1 , 3.6 

Bihar 

Ranchi Upland Rice 8.0 25.4 

Madhya Pradesh 

Indor Sorghum 10.0 25 .4 
Safflower New Crop 26.3 

Rewa Upland Rice 25.0 35.0 

Wheat 7.0 14.2 

Orissa 

Bhubaneswar Upland Rice 11 .0 32.5 

Cropping systems differ according to climate and soil types. I n regions 
of low rainfall (400 mm), short growing season (2 to 2 ! months) and 
shallow soil as in Western Rajasthan , parts of Haryana and Kutch, grass is the 
principal crop. In addition to grasses, short duration pulses or agro-forestry 
based system might hold promise in such areas . With increasing rainfall and 
growing season, the cereals like pearl millet sorghum, maize or upland rice 
take the place Areas having 400-750 mm annual rainfall, monocropping with 
traditional long duration crops is common , Even areas having an annual rain­
fall above 750 mm and a soil storage capacity of 150 to 200 mm of avaliable 
moisture. farmers have been growing either rainy season crop or a post -rainy 
season crop on residual soil moisture after fallowing during the rainy season. 
The traditional practice leads to poor yield per unit area in dry lands. 



Crops and Varieties 

Selecting suitable crops and varieties will not only help increllse 
production of 8 single crop but also will help increase croppi ng intensi ty . Many 
criteria have been set out for selecting a crop variety to me t the requirement 
of drylands; however, the capacity to produce a fairly good Yield under limited 
soil moisture conditions is the most desirable one . The crop for raln fed 8reaS 
should be of short duration, drought tolerant and high yielding . The perfor­
mance of traditional and improved varieties are given in Table 2 Simply by 

Table 2 : Performance of local and improved varieties in Varanasi 

Crop Varieties 
Grain yield (q/h.) 

1971 -72 72-73 73-74 74-75 7~5--:-7=-:6'---"-M~e-a-n-

Rice 

Maize 

Pearlmillet 

Blackgram 

Local 
(Nagina 22) 
Improved 
(Cauvery) 
Local 11 .9 
(Jaunpuri) 
Improved 
(Ganga Safed .2) 
Local 3.2 
Improved 
(HYB-3) 
Local 9.2 
(Black) 
Improved 
(T9) 

11.4 

Sesamum Local 4.5 
6.4 

Mustard 

Linseed 

Improved 
(T 13) 
Local 
Improved 
(Varuna) 
Local 
Improved 
(T 7397) 

Safflower Local 
Improved 
(N62-S) 

6.S 
6.4 

17 

19.0 

35.1 

9.7 
6.0 

6.9 

9.3 

2.6 
6.0 

15.4 
22.5 

15.0 
19.9 

26.0 23.3 16.6 21 .9 

28.3 

5.1 

11 .8 

4.9 
14.5 

5 .6 

6.3 

8.5 

5.5 
7.4 

14.6 
16.7 

30.3 

39.2 

28.0 

14.1 
18.8 

17.6 
16.4 

16.4 
19.9 

208 

15.2 
19.9 

2G 5 

18.8 

25.0 

8.0 
13.0 

72 

9.0 

36 
7.0 

134 
16.6 

121 
14.3 

163 16.3 
20.5 20.2 



replacing the traditional varieties by improved ones, yields can be increased 

in dryland areas of Varanasi region . 

Crop!> are also selected according to soil depth. Millets do much better 
than sorghum on light and shallow soils. Roots of crops like castor or pigeon­
pea are able to penetrate compact sub-soils better than sorghum or millets. 
Greater yield advantage would accrue from cropping in the rainy season in In­
dore, Sholapur and other regions with heavier soils. This may call for a provi­
sion of field drainage in black soils receiving high rainfall. 

Crop substitution is yet another aspect which can help improve the yield 
potential from drylands. Basically what is attempted is to introduce more 
efficient crops for a given situation in place of traditional ones. Typical exam­
ples are : safflower in place of cotton and wheat in the Deccan and replace­
ment of wheat by barley or mustard or chickpea on the Indo-Gangetic alluvium 
from w est to east . Rainfed wheat should be preferred in low lying areas and in 
areas receiving 8 to 10 em of rains during the winter season. 

The farmers of dryland areas attach great importance to food crops . Rare­
ly would they agree to buy food from the market. This should be recognized 
in introducmg a new crop. In the present context in India, grtlin legumes and 
oilseeds are the chosen crops to replace inefficient cerea ls . Decisions should 
be taken on the basis of marketability and the value of the new crops. Legumes 
and oilseeds improve the economic status of the farmers and also serve the na­
tion 's need. Any crop substitution must be followed by an efficient transport 
syst m to move the produce from areas of efficient product ion to areas of 
consumption . 

Cropping Intensity 

With the available dryland technology like rain water management. choice 
of crops and other agronomical practices. a greater portion of d rylands can be 
put under intenSIve cropping system. Depending upon the rainfall, soil depth 
and mandgement aspects, the system may vary from one region to another 
regIon. This could be achieved through mixed or intercropping and sequential 
(double) cropping. 

Mixed Of Intefcfopping : 

Planning of cropping system should be done on yearly and on entire 
catchment basis. The type of planning w ill certainly lead to a proper balance 
between food, fibre and fodder. When the rainfall is between 500 to 700 mm 
with a distinct period of moisture surplus, intercropping syslem should be deve­
loped for improving crop prOduction. Even in higher rainfall areas (750 to 
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Table 3: Important intercroPplng systems in raint d ar 8S 

Region 

Uttar Pradesh 

Varanasi 

Agra 

Jhansi 

Dehradum 

Madhya Pradesh 

Indore 

Rewa 

Bihar 

Ranchi 

Orissa 

Bhubaneswar 

Crops 

Pearl millet alone 

Pearl millet Black gram 

Mustard alone 

Mustard Chickpea 

Sorghum alone 

Sorghum + Pigeonpea 

Maize alone 

Maize Soybean 

Maize alone 

M aize ' Soybean 

Sorghnm alone 

Sorghum + Pigeoupea 

Chickpea alone 

Chickpea + Mustard 

Maize alone 

Maize T Pigeonpea (3: 1) 

Grain vi Id (q ha) 

Main Inter Total 
c' op crop produ-

13.8 

104 

146 

12.8 

18.1 

14.1 

28.0 

22 .8 

285 

240 

40.1 

34.0 

49 

2.2 

13.2 

8.9 

4 .7 

4 .7 

5 1 

10 .8 

6.2 

9.0 

8.7 

54 

ction 

'38 
, 5 , 

'46 
175 

18 1 

192 

280 

336 

285 

30.2 

401 

430 

49 

109 

13.2 

14.3 

1100 mm) intercropping facilitates growing either cereal-legume Or legum -
legume system of different maturity pattern In high rainfall areas, intercropp­
ing has also been helpful in quick drainage (ridge -furrow sy.tem of intercropp-
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ing) . The most important point in its favour is the minimization of risk of crC!lI!t 
failure in drylands. Mixing seeds of two or even more crops (a normal practice 
with farmers) and broadcasting the mixture hinders post sowing operations . In 
fact , more and more th inking should now be devoted to intercropping in space. 
Here the choice of varieties within the crops become important. By and large 
the future intercropping systems in drylands of India s.,ould be cereal-legumes ; 
the objectives are to : 1. minimise feltiliser use, 2. minimise pest and disease 
incidence on legumes, 3. produce balanced foods, 4. provide legume fodder for 
ca ttle and 5. take advantage of extended growing season . Some of the 
examples at intercropping a t different centres of dryland research are presented 
in Table 3. 

Sequential Cropping : 

In areas having more than 750 mm annual rainfall with a soil storage 
capacity of 150 mm or more of avai lable moisture, sequence cropping is possi­
ble. Here, the objective should be to maximise the returns from the system 
rather th an from the individual crops. Wh ile developing such system, consi­
deration should de given for soil fert ility management , growing season, inte­
grated insect-pest management. and above all much needed food which might 
help nation's food reserve, part icu larly pulses and oilseeds. Some examples 
of sequential cropping are given in Table 4. 

Table 4 : Production and income from single and double crop systems 

Region 
Croo sequence (graIn vield in qlha) Income 

Rainy Post- rainy (Rs .lha) 

Dehradun Fallow Chickpea 16.8 1304 

Maize 45.1 Chickpea 154 2766 

Ludhiana Fallow Wheat 27 .6 3036 

Maize 31.9 Wheat 20.9 4660 

Indore Fallow Wheat 21 .8 3762 

Soyabean 29 .0 Wheat 19.4 7971 

Solapur Fallow Ch ickpea 14.9 3503 

Sorghum 37 .2 Chickpea 8.4 7311 

Bijapur Fallow Safflower 12.4 2724 

Greengram 7.6 Safflower 12.9 4100 

Akola Fallow Safflower 10.0 2512 

Greengram 6.1 Safflower 13.5 4595 
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In addition to what has been discussed so far, adoption of tlmoly sow­
ing and suitable methods of sowing. contingent planning for weather aberra­
tions, fertiliser use and adequate insect-pest management are essential pre -re­
Quisites for making cropping systems a successful enterpri e. The collection 
of runoff water and its recycling adds a new dimension to the flexibility of 
cropping system. 

low Monetary Input 

For higher yields, maintenance of optimum plant population per unit ar a 
is important. PlaRt population depends. besides the seed rate. on the time and 
method of sowing which are low monetary inputs. Experimental evidences indi ­
cate that early sowings are better than late ones (Table 5) . 

Table 5 : Effect of dates of sowing or. grain yield (q/ha) 

Date of Jhansi Bhubaneswar 

Sowing Sorghum Pigeonpea Castor Fingermiller 

July 1 21 4 8.1 6.4 , 4.1 

July' 6 11 .2 8.9 3.7 12.9 

August 1 7.9 2.7 8.9 

August'6 0.5 0.8 6.6 

In general. rainy season crops should be planted with the first soaking 
rains. Crops can thus make use of early season rain and major portion of their 
cycle is completed before rains cease. This also facilitates timely sowing of 
successive winter crops. To accomplish this. field should be ready bafore Ih 
monsoon sldrts. In this context concept of year -round tillage/summer tillage 
would be useful. 

During winter season. pulses and particularly oill,eeds have more flexibi ­
lity with regard to dates of sowing as compared to cereals. 

Cropping Systems for Aberrant Weather 

Because of the unpredicatable weather, one must be prepared tor making 
adjustments for an aberrant weather which. by and larg • comprises th following' 
(a) delayed onset of monsoon. (b) long gaps in rainfall, and (c) early ,topp gc 
of rains. 
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Cropping systems suitable for the three kinds of aberrations have already 
been developed by different centres. The strategy involves choice of alternate 
crops, ratooning and thinning, use of urea spray for rapid regeneration , emer­
gency nurseries in case of upland rice and providing life saving irrigation to 
moisture-stressed crops . Experience at many of the centres suggests, that in 
case of delayed onset. cereals should be replaced by suitable pulses or oilseeds: 
for t'xample, greengram/blackgram/sesamum in the place of upland rice in 
Varanasi. 

Cropping Systems and Fertiliser Use 

Cropping system shou ld be so designed that it economises the fertilil>er 
use. This fact is particularly relevant today when there is a global scarcity of 
fertilisers . The system for minimum fertiliser use involves : 1. improving the 
efficiency of fertili ser use by split application in relation to crop needs and avai ­
lable moisture (Table 6) and 2. devploping suitable cropping systems. In fact. 
in a cerea l-cereal rotation in addition to higher consumption of fertilisers, fertility 

Table 6 : Crop yields in relation to split application of nitrogen 

--------_. 
Grain 

Region Crop Application method yield 
(q /ha) 

Dehradun Maize All at pl anting 34.7 
Three splits 38.1 

Ranch, Upland Rice All at planting 24.8 
Three spl'ts 33.9 

Rewa Upland Rice All at planting 270 
Three splits 41 .0 

Agra Pearl millet All at planting 8 .5 
Two splits 13.3 

Three splits usually means ! at sowing, * at tiliering and :l: at heading. 

balance of the soil is also affected. Hence, systems should be developed in which 
phosphates Bre applied to legumes and nitrogen to cereals and these crops may 
be grown alternatively. It is welf known fact that legumes are benefItted by 
phosphate application, and cereal responds to nitrogen. Example of nitrogen 
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economy in a cereal and pulse-based cropping sequence is given in Table 7. 
An area of research in this context will be utilisation of crop residue either 
directly in the soil or through the animal. Also. integrated nutrient supply needs 
more attention in planning a cropping system in a part'cular regIon . 

Table 7 : Nitrogen management in a cereal and legume based cropping 
sequence in Varanasi 

Grain yield of mustard Grain yield of 
Nitrogen (q / ha) Nitrogen barley (q lha) 

levels After After levels After After 
(Kg ./ha) blackgram maize (Kg ./ha) black maize 

gram 

0 5.93 5.14 0 16.01 1206 

20 8.76 6.89 30 26.63 21 .87 

40 10.20 8.85 60 28.75 23.90 

60 9.62 9.50 90 33 .34 27.65 

Conclusions 

The traditional cropping system of drylands are characterised by low risk 
and low yield. It must be recognised that low risk will continue to be the guiding 
principle in developing cropping systems in view of the socio-economic conditions 
of the drylsnd farmers The problem would be then how to combine low risk 
with high yield. Following approaches may help in solving this problem: 

1. Developing cropping systems to meet the aberrant weather. 

2. Combining low monetary inputs with high level management: selec­
tion of crops and varieties. choice of sowing dateR. sowing methods. 
maintaining adequate plant stand. and weeding . 

3. Supplementing the natural resources with monetary inputs such as 
fertiliser and life saving irrigation. It has already been realised by 
the dryland farmers that without adequate use of fertiliser. they 
cannot obtain full benefit of natural resources. 
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4. Alteration in the choice of crops in the cropping systems. At many 
stations, cropping sequence in which pulses or oilseeds are grown 
have given more net return than cereal-cereal rotation. This point 
needs more attention because of the fact that nation has to import 
bulk of pulses and oilseeds from other countries. 
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PULSES AND OILSEEDS IN RAIN FED 

CROPPING SYSTEMS 

V. BALA SUBRAMANIAN 

The current annual grain production of pulse crops and oilseed crops 

amounts to about 12 and 10 million tons, respectively . Substantial incr ase in 
chickpea production has occurred due to increase in yield per unit area but the 
increase in production of pigeonpea and other pulses did not match the increase 
in area; obviously there has been decline in the productivity of these pulses, 
most likely due to environmental rather than genetic reasons There has bean 
improvement in the productivity of ali the major oilseed crops . Groundnut and 
rapeseed/mustard contribute about 85 percent of the total oilseeds production 
in the country. In the past thr£:e decades, the area under these two crops incre­
ased by about 70 percent but the present increase in production of rapeseed l 
mustard is far higher than that of groundnut. More significant is the fact 
that the castor productil')n was up by 20 per cent despite a reduction of 20 per­
cent in area . 

Increase in production is a fact but the current national average grain 

yields of pulses and oilseeds per unit area are very low (Table 1) . Since the 
chemical compositions of pulse, oilseed and cereal grains vary in respect of propor 
tions of carbohydrates. protein. and lipids, the amount of photosynthate, requir­
ed for unit dry matter is different . Moreover, the durations of crops also vary . 
Therefore. grain yield comparisons have been made on the basIs of amount of 
glucose required for tne grain dry matter yields harvested and tor a uniform 
crop duration of 100 days. The grain glucose yields of castor and mustard are 
on par with rainfed sorghum and that of ground nut is even higher. The low 
level of basic biological productivity is evident in the case of pulses. and 
sesamum safflower and linseed. 

In 1970s, pulses and oilseeds received as much attention as did cereals 
in the research programmes of the 23 centres of the Dryland Project. As a re­
sult. improved agronomic practices for pulse crops and oilseed crops for a 
particular region have been developed for maximising grain yields. Cropping 
systems w ith pulses and oilseeds as components to increase the grain produc­
tion have also been identified and recommended. 
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Table 1 Comparison of grain yields and glucose yiel ds in pulses, oilseeds 

and sorghum 

Current Corresponding 
Average national national ave-

Crops crop du- average ragA grain glu-
ralie>n grain yield case yield" 
(days) (ttha) (I/ha) 

Pulses 

Chickpea 160 0 .74 0.65 

Pigeonpea 150 0.72 0.63 

Cowpea 80 0.35 0.58 

Ollseeds 

Groundnut (Kernels) 110 0.60 1.19 

Castor 140 0.53 0 .96 

Rapeseed /mustard 130 0.53 092 

$esamum 85 0.22 0.60 

Safflower 140 030 0.46 

Linseed 125 0.25 0.42 

Cereal 

Sorghum 120 0 .80 0 .94 

• Computation :>s described by Penning de Vries (1975) based on 
chemica l composition of grains and for a uniform crop duration of 
100 days. 

Evaluation for superior genotypes 

Crop evaluation experiments for identifying superior genotypes of pulse 
and oilseeds reveal the current level of grain yields in the research farms under 
rainted condition . At present. chickpea yield level is the highest amongst the 
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pulse crops (Table 2) . The average grain yield of chickpea is about 26 ' fha, 
while that of piegeonpea is only 1.6 t ·ha . The short duration pulses yield only 
about 1.0 t fha . 

Table- 2 : Average grain yields of pulse crops under rainfed cond itions 

in research farms 

Crops 

Chickpea 

Pigeonpea 

Cluster beans 

Cowpea 

Greengram 

Blackgram 

Dolichos 

Horsegram 

Average 
grain 
yield· 
(t/ha) 

2.6 

1.6 

1.1 

1 .1 

1.1 

1.0 

0.8 

0.8 

Centres 

Dehradun. Hissar, Varanasi 

Akola. Bangalore. Hydelabad . 

Indore, Sola pur. Udaipur 

Agra. Akola. Hissar. Jodhpur. 

Kovilpatti . Udaipur 

Bangalore. Hissar. Hyderabad. 

Indore. Kovilpatti. Jodhpur. 

Akola. Bhubaneswar. Hissar. 

Jodhpur. Rajkot, Varenasi 

Akola . Bhuhaneswar. Hissar. 

Ludhiana. Rewa. Varanesi 

Bellary. Bijapur. Hyderabad, 

Kovilpaui , Solapur 

Anantapur, Bangalore . Bhubaneswar. 
Hyderabad, Ranchi . Solapur 

• Pooled averages of grain yields of top genotypes in the crop evalua tion 
experiments for many seasons during 1971 - 80 at the research farms of 
the centres. 
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Amongst the oilseed crops. soyabean yield level is the highest (Table 3), 
but its area is restr ic' ed to a sma ll region. The grain yields of the two Quanti­
tat ively Important oilseeds. rapeseed/mustard and groundnut, are 1.7 and 1.5 
t / ha rpspectlvely . The yield levels of sesamum and linseed are very poor. 
averaging about 0 .5 t(ha only, although these crops are ranked as major 
oilseeds of the cou ntry . 

Table 3 : Average grain yields of oilseed crops under rainfed conditions 
in research farms 

Crope 

Soyabean 

Rapeseed/mustard 

Groundnut 

Safflow r 

Castor 

Sesamum 

Linseed 

Average 
grain 
Yield' 
(t/ ha) 

2.0 

1.7 

1.5 

1.4 

1.1 

0.5 

05 

Centres 

Bangalore, Indore 

Hissar, Jammu, Ludhiana. 
Udaipur, Varanasi 

Akola, Anantapur, Bangalore, 
Rajkot. Rewa 

Akola, Bellary, Bijapur, Indore, 

Kovilpalti, Solapur 

Anand, Hyderabad, Kovilpatti 

Dehradun, Solapur, Varanasi 

Indore, Ranchi, Rewa 

, Pooled averages of grain yields of top genotypes in the crop evaluation 
experiments for many seasons during 1971 ·80 at the research farms of 
the centres. 

In comparison to pulses and oilseeds, the average yield levels of cereals 

are far higher (Table 4). However. the yield levels of the "low rainfall area crops" 
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Table 4: Average grain yields of cereals under rainted conditions 
in research farms 

Crops 

Upland rice 

Maize 

Wheat 

Rainy season Sorghum 

Post-rainy season 
Sorghum 

Pearl millet 

Foxtail millet 

Average 
grain 
yields' 
(t tha) 

3.4 

3.3 

3.0 

3.1 

2.7 

2.3 

1.4 

Ct'ntres 

Bhubaneswar. Oehradun. Jammu. 
Ranchi . Rewa. Varanasi 

Bangalore. Bhubaneswar. Indore. 
Oehradun. Kovilpatti . Ludhiana. 
Ranchi 

Oehradun. Jammu. Ludhiana, 
Varanasi 

Akola . Hyderabad, Jhansi. Udaipur 

Bellary, Bijapur. Solapur 

Agra. Bijapur. Hissar. Jodhl)ur. 
Rajkot. Solapur 

Anantapur, Hyderabad, Kovifpatti, 
Solapur 

• Pooled averages of grain yields of top genotypes in the crop evaluation 
experiments for many seasons during 1971 -80 at the research farms of 
the centres, 

such as pearl millet and foxtail millet are lower than those of "high rainfall 
area crops" like rice and maize. 

Sequence Cropping 

Various centres have identified very productive sequence cropping 
systems in which a pulse (Table 5) or an oilseed (Table 6) i. 8 component. 
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Table 5 : Recommended tainfed sequence cropping systems 

with pulse crops 

First crop 

Cereal 

Rice 

Rice 

Maize 

Maize 

Sorghum 

Pearl millet 

Pulse 

Cowpea 

Cowpea 

Pulse 

Cowpea 

Blackgram 

Puis. 

Cowpea 

Greengram 

Blackgram 

Succeeding crop 

Pulse 

Chickpea 

Lentil 

Chickpea 

Horsegram 

Chickpea 

Chickpea 

Cereal 

Maize 

Sorghum 

Pulse 

Chickpea 

Chickpea 

Oilseed 

Safflower 

Safflower 

Safflower 

Centres 

Dehradun, Rewa, Varanasi 

Rewa 

Dehradun 

Bhubaneswar (Upland) 

Rewa 

Varanasi 

Bhubaneswar (Upland) 

Bhubaneswar (Upland) 

Jhansi 

Jhansi, Rewa 

Jhansi 

Akola, Udaipu r 

Jhansi 

Depending upon rogiol'ls, a pulse crop or an oilseed crop is grown either in the 
rainy season or in the post ·rainy winter (or cool) season . As the duration of the 
rainy season crop is an important consideration in (ouble cropped areas, only 
short duration pulse crops such as cowpea, greengram, and blackgram find a 
place as the first crop in sequence cropping areas, 
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Table 6: Recommended rainted sequence cropp'mg systems with oilseed crops 

First crop 

Cereal 

Rice 
Ma ize 

Maize 
Fodder sorghum 
Sorghum 

Oilseed 

Groundnut 
Soyabean 
Soyabean 

Oilseed 

Soyabean 
Soyabean 

Oilseed 

Soyabean 
Sesamum 

Succeeding crop 

Oilseed 

Linseed 
Mustard 

Linseed 
Mustard 
Safflower 

Cereal 

Barley 
Wheat 
Barley 

Oilseed 

Mustard 
Safflower 

Pulse 

Chickpea 
Chickpea 

Centres 

Ranchi 
Jammu, Ludhiana (in sandy 
loam-clav loam) 
Ranchi 
Jhansi , Udaipur 
Akola , Jhansi 

Ranchi 
Dehradun 
Dehradun 

Jhansi 
Indore, Jhansi 

Indore 
Varanasi 

Sequence cropping systems in which pulses and oilseeds only are com­
ponents i, e" without a cereal component have also been developed in many 
centres. A pulse ·pulse crop combination of cowpea or blackgram followed by 
chickpea has been recommended for Jhansi and Rewa regions. Similarly, an 
oilseed crop foliLlwed by another oilseed crop in sequence cropping (soyabean 
fOllowed by mustard or safflower) has been found productive in Indore and 
Jhansi regions. These recommended cropping systems, if practised, would 
certainly contribute towards increasing the production of pulses and oilseeds. 

Intlrcropping 

Intercropping systems, optimised in such te mporal and spatial aspects 
as compatibility, duration ditferences, population density and geometry of crODS 
etc provide possibilities of increasing the production of pulses and oilseeds in 

31 



many regions, where rainfall distribution is such that two crops can be simul­
taneously grown in the same piece of land. The dryland research centres have 
experimented on numerous combinations ot cereals, pulses, and oilseeds and 
have found certain combinations of crops as more productive . The recommen­
ded intercropping systems with a pulse or an oilseed crop are given in Tables 
7 and 8. 

Table 7: Intercropping systems with pulse crops 

Systems 

Cereal -t Pulse (longer duration) 

M aize I pigeonpea 

Finger millet I pigeonpea 

Sorghum + pigeonpea 

Pearl millet -I pigeonpea 

S taria 1 pigeonpea 

Cereal 1 Pulse (shorter duration) 

Maize I greengram 

Maize blackgram 

Sorghum -f cluster bean 

Sorghum cowpea 

Sorghum .f- greengram 

Sorghum blackgram 

Pearl millet • cluster bean 

Puis. + Puis. 

Pigeonpea + blackgram 

Land 
Equivalent 
Ratio 

1.35 -1.95 

1.45 

1.48-1.96 

1.65-1.93 

1.31 -1.43 

1.46 -1 .49 

1.38 

1.48 

1.60 

1.46 

1.20 

1.84 

1.S1 
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Centres 

Ranchi, Udaipur 

Bhubaneswar 

Akola, Bijapur, Hyderabad. 
Jhansi, Kovilpatti, Rewa 

Agra, Akola, Anand, 
Bijapur , Rajkot, Solapur 

Bijapur, Solapur 

Hyderabad. Jammu 

Bhubaneswar, Udaipur 

Hyderabad 

Kovilpatti 

Akola 

Udaipur 

Solapur 

Varanasi 



Table 8: Intercropping systems with oilseed crops 

Systems 

Cereal + Oilseed 

Maize + Soya bean 

Sorghum + soyabean 

Oilseed + Oilseed 

Groundnut + soyabean 

Oilseed + Pulse 

Groundnut + pigeonpea 

Oilseed + Tuber 

Castor + colocacia 

Fibre-cum-oilseed + Pulse 

Cotton + cowpea 

Cotton + blackgram 

Land 
Equivalent 
Ratio 

, .52 

1.58 

, .49 

1.36- 1.76 

1.80 

Centres 

Dehradun 

Indore, Udaipur 

Akola 

Anantapur, Bangalore, 
Bijapur, Rajkot 

Bhubaneswar 

Kovilpatti 

Kovilpatti 

Besides many cereal and pulse, cereal and oilseeds combinations, a pulse 
and pulse (pigeonpea + blackgram) intercropping in Varanasi and an oilseed and 
oilseed ( groundnut + soyabean ) in Akola are interesting examples. The oil · 
seed and pulse (groundnut + pigeonpea) intercropping system is w ell known 
to the farmers long before scientists have experimented on this combination for 
maximising the productivity. On an average, Land Equivalent Ratios (LER) 
around 1.50 seem to be possible with the recommended intercropping 
systems. The castor + colocacia in Bhubaneswar and cotton t cowpea or 
blackgram in Kovilpatti indicate the scope of further increasing the production 
of pulses and oilseeds through various other kinds of intercropping systems. 

On the basis of a decade of research experience, two general conclu­
lions have been brought out from the numerous experiments on intercropping 
by the various centres: 1. By and large. intercropping is successful in a good 
or above normal rainy season only. 2. The LER of intercropping systems in 
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post- rainy season is not high. By implication it means that, if the production 
of pigeonpea, the second most important crop a'Tlongst the pulse crops and 
the major rainy season pulse uSl'ally grown as intercrop. wer~ to improve and 
stabilise at higher levels. sale cropping of it should also receive emphasis. 
Similarly. sole cropping of posl - rainy pulses and oilseeds should be encouraged. 

Sub¥titute Crops 

The efficient crop for a region need not necessarily be the traditional 
crop of the area . The dryland research centres have conducted exoeriments 
to identify the more productive crops for the respective regions. Wheat is the 
traditional post -rainy winter crop in Agra. Bijapur. Indore and Udaipur regions. 
Experiments. however. reveal that wheat should be substituted by mustard in 
Agra region and by safflower in the other three regions. as the grain yields of 
the oilseeds are twice that of wheat (Table 9). 

Table 9 : Oilseed crop all substitute crop 

Grain Substitute Grain 
Centres Traditional yield oilseed yield 

crop (t tha) cr')p (t {ha) 

Agra Wheat 1.0 Mustard 2.0 

Bijapur Wheat 0 .9 Safflower , .8 

Indore Wheat , ., Safflower 2.4 

Udaipur Wheat , .6 Safflower 20 

Yi,'d Stability 

Besides high crop yields, stability of yields over seasons at high levels 
is also a very important consideration in rainted crop production. The grain 
yields of chickpea provide such a stability in Varanasi region (Table 10) . Grain 
yields of wheat and chickpea were compared for four seasons from 1973- 74 
to 1976-77 Chickpea gave consistently high yields of 2.5 to 3.0 t / ha, while 
wheat yields were relatively less for two out of four seasons. 
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Table 10 Stability of gra in yields in Varanasi 

Wheat Chickpea Year 
Grain yield (t/ha) 

--------- ------------- -----
1973-74 2.7 2.6 

1974-75 1.9 2.5 

1975-76 1.7 2.6 

1976-77 3.0 3.0 

Mean ± S. D. 2.3 + 0.62 2.7+ 0.22 

Catch Crops 

Short duration pulse crops fit in very well as catch crops in otherwise sin ­
gle crop regions in years when onset of season is earlier than usual. For exam ­
ple, in Bangalore if rainfall exceeds 50 mm in May and soil moisture saturation 
is upto a depth of 30 em. land could be sown with cowpea . It comes up for 
harvest in the first fortnight of August and the land gets ready for sowing of 
finger millet. the traditional crop . 

If rainy season is extended. there is a possibility of taking a second crop 
of horse gram in Hyderabad region after harvest of the first crop of sorghum. 

Insurance Crops 

Short duration pulse crops, and the oilseed crops like sunflower serve 
as insurance crops against vagaries of the rainy season to prevent total crop fai ­
lure in a season . Horse gram could be sown as late as Augu st. or even in early 
September in Anantapur. and cluster bean is recommended for delayed sowings 
in August in Hissar. 

Need for Higher Productivity 

From the Dryland Project's research experience In 1970s. if is evident that 
the average grain yield lellels of pubes and oilseeds per un it area need to be 
raised in the research farm itself. Except for ch ickpea. the average yields are 
less than 2.0 t {ha for all the major pulse and oilseed crops. The grain yield 
realisation, i.e. ratio of current average grain yield at the national level to that at 
the dryland research farms for the pulse crops and oilseed crops. is presented in 
Table 11. In case of pulse crops, the grain yield realiza tion is about 30 percent 
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Table 11 Productivity realisation in pulse and oilseed crops 

Crop 

Pulse crops 

Pi geonpea 
Cowpea 
Chickpea 

Oilseed crops 

Groundnut 
Caslor 
lin<;eed 
Sesamum 
Rapeseed/mustard 
Safflower 

Productivity realisation· 
(%) 

45 
31 
29 

58 
47 
43 
39 
31 
21 

• Ratio of national average grain yield per un it area to the average grain 
yield in dryland research farms 

for chickpea and cowpea. and 45 percent for pigeonpea. For oilseed crops, 
the value ranges from about 20 percent for sd f1lower to about 60 percent for 
groundnut . These data do not merely reflect the 'gap' between the research 
farm potential in dryland and the realised yield : the more revealing fact is that 
the potential itse lf is low for crops like sesamum and linseed and. therefore. 
the percentage realisation is inflated More research emphasis is required for 
raisinp the yield plateau of these two oilseed crops In general. the realisation 
from th e post -ra iny winter crops (chickpea, rapeseed mustard. and safflower) 
is lower than th at from the rainy season crops (pigeonpea, groundnut and 
castor I. Progressively increasing water stress during post-rainy season could 
be one of the reasons. 

Basic Research Approaches for Improving Yields 

Yield comoonents : Plant productivity at harvest is the net result of com­
plex processes during growth and development as influenced by environment, 
In order to increase grain yield levels at the research farms the yield compo­
nents should be considered. The two ultimate yield components are grain num­
ber and gralO weight. These components are determined sequentially during 
the growth and development of crop. The grain number potential is determined 
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before anthesis but the realisation of the potential occurs at anthesis. The 
other component grain weight, is determined from anthesis until physiological 
maturity . Therefore, the grain yield realisation IS influnced by genotype x envir­
onment interaction until harvest. Between the two yield components, grain 
weight is relatively more stable. Hence. grain number per unit a~ea is the major 
determinant of grain yield of crops. Correlation between grain yield per unit 
area and grain number have been found highly significant. In Table 12, grain 
per unit area required for target yields of important pulse and oilseed crops are 
given. Grain number per unit area is the product of number of seeds per pod 
and number of pods per unit area. It is influenced by the number of flowers 
produced and proportion of flowers actually set as pods The pod setting 
percentage is very low in pulses and oilseeds ranging from 10 to 30 percent, due 
to flower and pod abscission and seed abortion (Ojehomon 1968; Sinha, 1977) . 
The number of seeds per pod is also a stable character like grain weiphl. So. 
pod number per unit area actually determines the number of seeds under field 
conditions , 

Table 12: Yield components for target grain yields of pulse and oilseed crops 

Crop 

Pulse 

Chickpea 
Pigeonpea 

Cowpea 
Green gram 

Black gram 

Oilseed 

Groundnut 

Rapeseedl 
mustard 

Safflower 
Castor 
Sesamum 
Un.eed 

Target grain 
yield (t, ha) 

3.0 
25 
2.0 
2.u 
2.0 

3 .0 
30 

2.5 
2.0 
1.0 
1.0 

Y,eld compone l1ts 

Average 1000 
grain weight 

No. of grains 
per m~ 

(g-,-) ----------

150 2,000 
120 2,100 

110 1,800 
45 4450 

40 5,000 

250 1,200 

4 75,000 

60 4,160 
220 900 

3 33,300 
5 20,000 
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Increasing pod set and reducing seed abortion should increase grain yields 
in pulses and all seeds. Besides plant factors environmental factors (water, 
temperature, light intensity and nutrition) influence the grain number. For 
example, low light intensity and water stress promote flower and pod absciss­
ion Investigations on plant and environmental factors on flower productioll 
and abscission, pod set, seed abortion and tinal grain number per unit area will 
lead to improvement in grain yield through agronomic management and 
breeding . 

Determinate types: Intense competition tor photosynthates between emer ­
ging leaves and growing flowers and developing grains, is a likely reason for 
poor sink capacity in indeterminate crops in general. In legumes, there is turlher 
competition for photosynthates from nodules In cereals, the percentage seed 
set is very high. The determinate growth habit of cereals is lhe major difference 
in their growth and development from that of pulses and oilseeds . Owing to 
their indeterminate growth habit. reproductive and grain filling stages overlap 
each other. When flowering commences and pods grow. there is also simul­
taneous production of new leaves and floral di fferentiation in the same plant. 
The growing pods. young expanding leaves, and developing flowers are all 
powerful sinks competing with each other at the same time for photosynthates 
from the same source. i e .. fully expanded leaves. In legumes. the vegelative 
part is a stronger sink than developlOg grains during flowering and early grain 
filling stage (Hanway and Weber. 1971) 

The yield plateau of the determinate cereals is higher amongst the grain 
crops . Therefore. if the pulse and oilseed crops were to have determinate pat­
tern of growth like cereals. higher yield potential could be expected The so 
called advdntage of producing some yield at least in indeterminate crops, if 
w ater stress OCCurS during reproductive phase, can be expected only in crops 
cultivated during rainy season WIth determinate cultivars and by tailoring the 
duration of the pulse and oilseed crops to agro-climatically determined cropping 
duration, it sould be possible to reduce the risk of water stress effects. 

Assimilate allocation during vegetative phase : Grain filling stage is not the 
sole det rminant of grain yields . Crop canopy development. dry matter production 
before anthesis, and flora ! differentiation and growth of floral Initiation are aU 
important in determining the grain yield potential. More allocation of assimi­
lates for production of new photosynthetic tissues should maximise ary matter 
production during vegetative phase . A raoid expansion phenophase. the time 
from planting to full ground cover. has been identified as a physiological basis 
for increased yield potential in groundnut (McCloud 1980). Understanding 
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of the factors influencing allocation of assimilates to various 
vegetative phase should provide useful information for 
productivity. 

plant parts during 
improving plant 

Remobilisalion during grain growth : Current photosynthesis after anthesis 
provides the major proportion of photosynthates for grain growth . However. 
remobilisation of stored photosynthates particularly from stem. assimilated 
before flowering. is also known to contribute towards gra in filling . The propor­
tion of remob ilisation of stored photosynthates to grain incre;jses if current 
photosynthesis is affected by environmental stress like drought during grain 
fil!ing phase . This compensatory mechanism at an appreciable level in cu ltivars 
is l ikely to produce normal grain yields. within limits of environmental stress. 
thu s ensuring stability In rainted situations. 

Besides photosynthates. nutrients like nitrogen, phosp'lorus etc, also are 
mobilised from stem and leaves into grains . As certain percentage of genetically 
determined chemical compositions of grain dry matter is a biochemical require­
ment, any further increase in yield potential would be determined by flow of both 
photosynthates and nutrients to the grains. As Evans (1975) noted. grain num­
ber. size . filling duration. and potential growth rate are important aspects of si nk 
strength determining mobiliS.ition . Therefore. increase in potential remobilisation 
of photosynthates and nutrients during grain filling is important for rdising the 
yield plateau . 

Photosynthesis and N fixation relationship : Increase in grain yields of 
legumes. which includes the oilseed crops (groundnut and soyabeen) . would 
depend on improvement in the supply of photosynthates from leaves to nodules 
and reduced N from nodules to vegetative parts until flowering and subsequently 

to grains. Both duration and rate of N fixation need to be increased. For most 
legumes. N fixation rate has been shown in general to be high during vegetative 
phase and then to decl ;ne progressively during the reproductive phase when the 
demand for N by developing grains increases In chickpea. there was no net gain 
of C I photosynthates in nodules after flowering (Shanrakumari et 01, 1975) . 
Factors, whIch increase photosynthesis, increase N fixation and those, which 
decrease photosynthesis, decrease N fixation (Minchin fl l al. 1981) These find ings 
indicate that N fixation even during vegetative phase may be rate limited by lack 
of adequate supply of photosynthates to nodu les . Therefore. relationships during 
ontogeny amongst N fixation . photo~ynthesis. growth and yield should be eluci ­
dated In Tainted situations effects of water stress and SOIl temperature inters·· 
Clion in rainy and post · rainy seasons on nodulation and N f ixat ion needs investi­
gation for increasing the efficiency of symbiosis. 
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Experiments with N fertiliser given as 'booster' dose of 10-20 kg /ha to 
legumes have produced inconsistent results. It is obvious that environmental 
conditions in which fertiliser N is to be given for better growth needs to be 
defined not only for efficient use of fertiliser N but also for taking advantage of 
Nature's gift of non-polluting symbiotic N fixation in legumes. 

Conclusions 

The average grain yields of crops at the research farms under rainfed 
conditions vary from 1.4 to 3.4 t j ha for cereals, from 0.8 to 2.6 t / ha for pulses, 
and from 0.6 to 2.0 t /ha for oilseeds. Based on the results of numereus experi­
ment of the Dryland Project in 1970's, the increase in production of pulses and 
oilseeds are to be achieved through productive sequence and intercropping sys­
tems in which pulse and oilseed crops are components. Mustard and safflower 
are better substitute crops for wheat in certain regions. Chickpea gives more 
stable grain yield than wheat in some regions . Short duration pulse crops offer 
possibilities as catch crnps in otherwise single crop regions, in case of early onset 
of rains. Crops like horsegram and sunflower are insurance crops to prevent total 
crop failure in the event of very delayed onset of rains in a region . 

The following basic research approaches are considered as useful for 
grain yield improvement in pulses and oilseeds . 1. The influence of plant and 
environmental factor s on flower production, abscission, podset. fruit abortion 
and final grain number per unit area . 2 Developing determinate cultivars 
of pulses and oilseeds with appropriate duration to match the cropping season 
ot a region . 3. A<;simi late allocation during vegetative phase . 4 .Remobili­
salion of photosynthates and nutrien ts during grain filling, and 5. Interaction 
of symbiotic N fixation , photosynthesis, growth, and yie ld under rainfed environ­
ment. 
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RECENT ADVANCES IN PEST MANAGEMENT 

N. C. JOSHI 

India is losing yearly vast amount of agricultural produce due to ravage of 
pests (i .e weeds. diseases. insects and rodents at 33 percent. 20 percent. 16 
percent and 6 percent respectively). the average loss being to the tune of 18 
percent . 

With the introduction of new high yielding varieties and hybrids grown in 
irrigated areas under high fertil ity condi ti ons, the pest problems have increased. 
For instance. in TN -1 and I R-8 the bacterial leaf -blight (BLB) and Tungro virus 
have appeared in severe form . Similarly ergot and downy mildew in hybrid pearl 
millet are posing serious problems. Some new problems pertaining to weeds, 
i .e. wild oats (Avena (atua) and Phalaris minor and in non-crop areas congress 
grass (Parth~nlum hysterophorus) are becoming problems of all India importance. 
There is an awareness and enthusiasm among farmers fOT taking plant protection 
measure. 

Chemical Control 

From 1950 onwards considerable progress has been made on chemical 
control in India . The cost benefit ratio is high in case of seed treatment, ranging 
from 10 to 45 because of low cost of seed treatment, whereas in the case of post 
sow ing treatment the ratio ranges from 2.3 to 9.5. Our country is producing 
about 31,600 tons of 43 different pesticides. Besides. about 1.400 tons are 
imported . Average use of pesticide is about 2009 against 1000g in Japan. 
For keeping quality of pesticides. the Indian Standards Institute has published 45 
standards for technical grade and 55 tormuiated products. All these standards 
have been accepted under Insecticides Act 1968. which aims at regulating the 
production, transport. storage, sale and use of pest icides . Indiscriminate use of 
pesticides results in problems like residue, resistance in insects. air. water and 
soil pollution and depletion of natural enemies of injurious species. 

In view of the above mentioned hazards due to indiscriminate use of 
pesticides, the present strategy is towards integrated pest management This 
advocates the minimal use of pesticides that too should only be used at a cer­
tain level (i.e. economic threshold) ; it should not be used at all, if Injury (i e. 
threshold of tolerance) does not justify the treatment. 
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Biological Control 

It is another method which needs to be explored. There are about 110 
pests in more than 60 countries that have been controlled totally or pa1tially by 

use of parasites, predators and pathogens . The advantage of their use is economy. 

Thf' organism like Baci/lus thuringiensls is now utilised for biological control. 
The commercial preparation in the form of dusts /sprays are available in some 
countries. The other micro -organisms like viruses. fungi and nematodes are also 
being used as microbial control agents. 

Use of Varieties 

The use of resistant or tolerant varieties of croiJs dims at pest 
disease avoidance rather than the ir control . Th e production of insect pest 
resistant varieties is a coop9rative effort among Entomolog ists. Patholo­
gists and Plant Breeders In USA. it has been found thilt by adopting 
this method, the benefit -cost ratio have been estimated to be 30):1 . 

Cultural Control 

Burning of crop residues. deep ploughing. early sowing. early harvesting, 
manuring and managing w ater and trap cropping help in minimising the pest 
problem. I" many lor. ations, short duration varieties have proved useful sir,c& 
they m ture before pests become serious. Some notable progress has been 
achieved in crops like cotton. sugarcane. paddy, sorghum etc but sustained 
efforts in other economic crops are necessary to manage pest population . 

Use of Light Traps 

In reducinp the intensi ty of insect population light traps may also play 
a role . Many types of light traps are now available . 

Irradiation 

In insects, egg stage is highly radio-sensitive and requires much smaller 
dose to cause irradiation injury as compared to larvel, pupal or adult stages. The 
stored grains when irradiated are protected from pests and quality is maintained 
for considerilble time . 

Chamostaril izstion 

Chemosterilants are chemicals when applied orally, sprayed, or injected 
into insects would deprive them of their ability to reproduce. These chemicals 
cause sterility by preventing the development of sperms or ova . Apholate and 
Metape are commonly used as sterilants in India. 
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Use of Sex Attractants 

Insect phermones are defined as chemical substances which are secreted 
out by ins cts and perceived by other insects of the same species In which they 
trigger a specific reaction. In insect control. thec;e compoun'i'i ilre us d as 
attract 'lnts and therefore termed as sex attractants or sex lurers. Sex phermonps 
of 40 insert species have bee n identified so far. N i)w ~ a-days C0mmercIHI qUilnti­
t es of synthe tic sex attractan ts are readily availabl for economic Ins 'ct control. 

Use of Antifeedants 

These compounds preven t insects from feeding on trea ted foliage without 
killing or even reoelling them. These compounds can be regardeo as inhibitors 
of gustatory ref lexes or as feeding deterrents. Examples of antifeedants are 
pyrethrum. neem seed (Azadi rachtin). triphenyl hydroxide. cycocel. copper steil­
rate etc . 

Conclusion 

Th e program'TIe of pest contro l should be chalked out in such a way as to 
keep the insec t popu lation below econ omic tolerance levels by adopting us 
of r/:lSIstant varieti es. biological con trol methods. use of anti feedants. chemO'ite­
, il ants. irradiation techniques and minimal use of pesticides . For achieving 
success in integrated pas t management. the nead for efficient pest survei ll ance 
service ;Jnd quick forecasti ng of pest and disease attack have become essential 
so that Dest population ca n be brought down immediately before any signi­
fican t damage is done. 
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INTEGRATED WEED MANAGEMENT 
FOR DRYLAND 

G. H. FRIESEN 

Integrated weed management may be defined as the optimum combina­
tion of all avai lable methods or techniques required to reduce the weed problem 
to a manageable level in various cropping systems. The different techniques or 
methods of w eed control in such systems include : 

1. Preventive methods 
2. Mechanical methods 
3. Cultural and cropping methods 
4. Biological methods 
5. Chemical methods 

The use of the most effective and efficient combinat ion of the above me­
thods has be n the basis of sound w eed contro l recommendations for the past 
three or four decades. Thus. nothing has really changed except the 'name' from 
'effel:tive and efficient weed con trol practices' to 'i ntegrated weed management 
systems'. This new terminology has recently attracted the attention of many 
agricu ltural administrators. resulting in increased funding for weed control re­
search in some countries. The change, therefore, has been to enhance the cred­
ibility of weed scientists . 

Weed Problems in India 

Estimates of the crop losses caused by weeds in India range from 10 to 
27 percent of field crop production . Using the lowest figure of 10 per cent . 
the total loss is more than 10 million tons of food grains annually. The tragedy 
of the w eed problem in countries like India has been appropriately described 
by Mr. M irdha, Chairman. National Commission on Agriculture in 1973 as foll­
ows : "About one-half of the men and women are in the fields, stooped. mov­
ing slowly. and silently weeding. In their hands there is always a crude iron 
hoe. These people. without identity. symbolize the great mass of humanity 
that spends a life t ime in weeding. There are unborn millions still to come 
who are already doomed to the same fate". 

Weeds compete directly with crop plants for soil moisture. nutrients. sun­
light and other growth factors. Some weeds exude toxic substances from roots, 
foliage, and decaying plant residues which reduce crop growth (allelopathic 
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influences). Weed interference in crop production is the largest single factor 
affecting crop yields. Other weeds affect the health of domesticated animals 
and of man himself; they harbour insect and disease problems and reduce the 
value of farm produce. 

At Jhansi Centre, it was found that on the average, weeds extracted 
tw ice as much N, 25 percent more K, and twice as much Ca as crop plants . 
At Bangalore, it was found that 27 Kg N, 3 .2 kg P and 7.6 kg K could be saved 
by weed control in finger mililet The effect of integrated weed management 
systems involving various tillage practices and simazine on nutrient uptake in 
maize was studied at Dehradun It was found that the most efficient combi­
narion of tillage and herbicides reduced the fertiliser requirements in a maize 
crop by 25-30 kg /ha N, 10-12 kg l ha P and 10-15 kg/ha K. It ic; an important 
consideration in a country whem manufactured fertilisers are expensive and 
often in short supply. 

Let us now look at the various weed control methods and contribution 
each can make to an integrated weed management system. 

Preventive Methods 

This method attempts to prevent the spread of weed seeds by man. ani ­
mals, birds, wind, water etc. It involves such practices as sowing of clean seed 
(free from weed seeds); controlling weeds on bunds, levees. headlands, fence 
row, irrigation or ditch banks etc., removing weed seeds from farm machinery 
before transporting them from one field or farm to another; preventing soil 
erosion; spreading only well rotten farm yard manure; controlling the movement 
of livestock etc. Even international trade, ..... hich moves millions of tons of grain 
and agricultural produce across countries and continents, becomes a potential 
source of spreading new species of weeds to the importing countries. Preventive 
methods must, therefore, be the first step in developing sound weed mangement 
systems. 

Mechanical Methods 

This method of controlling weeds has been practised since the beginning 
of agriculture It involves physically uprooting or cutting the weeds by hand 
pulling, hand hoeing, or with mechanical devices of many types drawn by 
animals or tractors The IVJ'e of machine selected depends on the weed species, 
land use or cropping program, need for soil conservation practices, soil type and 
season of the year. Machines or tools are designed to remove weeds between 
and within crop rows, before SOWing, after harvest and during the fallow period. 
Recent innovative methods of weed destruction include selective flaming 
(burning) and the use of high voltage electrical shocks. 
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Mechanical m9thods of weed control are simple lind require little ingen­
uity or management skills . Often they are also time consuming. expensive in 
terms of energy use and equipment costs. and can lead to increased soil erosion. 

Other disadvantages are the nonavailability of labour at peak periods of cropping 
season and the difficulty of entering fields when soils are wet and st icky. 
There is frequent need to reduce or supplement this method w ith other 

methods 

Cultural and Cropping Methods 

These methods aim at employing agronomic prac t ices that will enhance 
the growth of the crop and place the interfering weeds at disadvantages. Cul­
tural practices such as proper fertiliser placement. selective irrigation. early 

sowing. optimum plant populations . unifrom seeding depth etc. will encourage 
improved crop growth at the expense of weeds. Improved drainage will reduce 

weeds which prefer wet soil condi t ions and flooding will benefi t water toleran t 
crops at the expense of weeds. 

It is well known that grass-type weeds are frequently dominant in grass ­
type crops and broadl 'laved w eeds in broadle aved crops Alterndtlng such 

crops (crop rOlations) can frequently bring about a gradual reduct ion of both 

types of weeds. Rapidly growing high shade producing crops (smother crops) 

can suppress weed growth . Early muturing crops are harvested before compe­
ting weeds produce viable seeds. thus reducing the weed problem in succeeding 
years . Perennial crops. because of their rapid growth in early spring or follo­
w ing onset of ra iny periods. seriously suppress and sometimes almost eliminate 
annual weeds. 

Any cultural or cropping practice that tilts the balance in favour of crops 
at the expense of weeds should be common practice in any cropping system. 
These methods also enhance the degree of w eed control from suppl emental 
mechanical or chemrcal control practices . 

Bio logical Methods 

The use of insects. plant diseases and animals as agents for weed destru­
ction has attracted considerable attention in recent years . The almost complete 
eradication of Opuntio spp ipric1dy pear) by Coctoblat ls coctoram in Allstralia and 
Hypericum perforatum (Klamath weed) by Chrysolina hyper;c l in the western USA 
has prompted the search for insects that may control other serious weed species. 
At last count active research is underway to find predators specific for at least 
30 serious weed species. 
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The use of phytopathogens as weed control agents has also received 
considera ble attention in recent years. Some progress has been achieved in the 
contro l of northern Janovitch weed in rice and the control of Xanthlum struma 
rlum with Helmlnthosprlum toltlel repentis . Active research is underway to find 
pathogens that will control Porthen/um hesterophorus and Eupotorum odorotum in 

India. 

Recorded history also lists sheep, hogs, geese and deer having , at one 
t ime or another, been used for se lectively controlling weeds in some crops . As 
far as is known, such higher animals are no longer used deliberately for weed 
control . 

Chemical Me thods 

Selective weed control with herbicides became popular in the late 1940's 
Today, there :He about 120 herbicidal compounds registered for use somewhere 
in the world, but only a few of these are commercially aVi:tilable in India . 
Thus chemical weed control in India is not widely practised except in 
plantation crops, in wheat and, to some extent, rice . This, of course, could 

change, as labour ber.omes more expensive or unavailable during peak periods, 
and as more herbicides become registered in India In the future, herbicides 
may become an important component of weed management systems even in 
India . A suitable hand operated or bullock drawn sprayer is still to be 
developed. In the opiF,ion of this writer, chemical weed control in the major 
dryland crops w ill have to become an important part of weed management 
systems before the next major yield plateau ca n be reached . 

Integrating the Various Control Methods. 

AI! of the above methods have a place in an overall weed control package 
and to use th e most effective and efficient combina tion of these methods is the 
objective of all sound and long term weed control programmes. One control 
method is seldom adequate by itself. 

Weed management systems in all crops should start with preventive 
methods (clean seed, sanitation in noncropped areas etc) . This must be 
fOllowed by appropriate cropping and cultural pratices that give the crop a com­
etltive advantage (rotations, fertiliser placement, seedi ng methods etc) , M echa­
nical methods may vary from crop to crop and region 10 region and must take 
into consideration pre -seeding, post harvest, interrow and int rarow w eed 
romoval by efficient and effective tillage or hand w eeding methods. Herbicides 
also have an important part to play in this package, especially for hard- to- kill 
weeds (eg : St flga, Cynodon, Cyperus etc), when tillage practices cannot be carried 
out due to close crop spacings or when it is difficult to enter fields due to 
wet soil conditions. 
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Sometimes one method enhances the effectiveness of another method 
At Dehradun it has been demonstrated that in maize the efficiency of simazine 
on weed flora was increased bv 23 percent when combined with tillage. Such 
combination treatments increased maize yields by 30 percent over hand weeding 
alone and reduced soil nutrient loss by 30 to 40 percent. At Solapur, propsnil 
applied pre-emergence plus hand weeding gave significantly higher groundnut 
yields than either treatment alone. Alachlor performance was not affected by 
similar mechanical trel'tments. Atrazine at 0.3 kg/ha (ai) over the row plus 
two inter-cultivations halfe given highest yields of sorghum at Hyderabad. 

The effect of year round tillage has been compared with traditional tillage 
practices at Hyderabad. The results suggest that year-round tillage not only 

leads to increased sorghum production, but also reduces the infestation of 
weeds in rainy season to such an extent that hand weeding and inter-row 
cultivations are more efficient and less time consuming. 
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PEST MANAGEMENT IN SORGHUM 

K. LAKSHMINARAYANA 

Improvement in yields genera lly increases the relative importance of 
insects. More so increased inputs and intensive cultivation of the suscep­
tible high yielding lines have resulted in high pest populations. Pest mana­
gement practices which until now not thought of to protect the low yielding 
local varieties. have become important and economically fe.sible with the 
high yielding cu lt ivars There is definite need for adopting pest manage­
ment practices to achieve good yields. 

Sorg hum crop is attacked by more than 60 species of insects and mites . 
Out of these four species of insects are important : 

Shoot fly 

Stem borer 

Earhead midge 

Earhead bug 

Athsrigon8 SOCC8t8 Rondani 

Chilo P8rtsl/us Swinhoe 

Cont8rini8 sorghico/8 Coq 

C81ocoris engl/status Lethiery 

Under unprotected conditions, the estimated losses due to different 
pests varied from 10 to 80 per cent in different parts of India. The im­
portance of the pest can be judged by the yield losses caused by different pests. 
Results on the experiments carried out during different years in the Andhra 
Pradesh Agricultural University to assess the crop losses due to different pests 
indicate that the shootfly incidence alone causes loss of 45 to 50 per cent. 
while the losses due to borers. sucking pests and earhead pests varied from 
10 to 20 per cent. 5 to 10 per cent and 20 to 30 per cent. respectively. The 
losses are likely to vary from region to region. However. the shootfly is by 
and large considered relatively important among sorghum pests throughout 
India. Samarjit et 8/ (1978) reported that the percentage of grain loss due 
to shootfly varied from 17 to 78 per cent. as the percentage of incidence 
of shootfly increased from 20 to 90 per cent. 

Information on the effect of different insecticides on yield at different 
infestation levels are not available . Due attention is to be paid on th is aspect 
for developing effective pest management strategies. It is also essential 
that economic injury levels are determined for pests of lorghum . 
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The management strategies to be adopted for some of the important 
pests 01 sorghum are as fOllows: 

Cultural Methods 

Use of resistant varieties : This is one of the most effective ways of 
managing pests In a cheaper way which could be adopted easily by farmers. 
Efforts are being made in the identification of sources of resistence and in 
developing cultlvars resistant to the shootfly. Resistant and susceptible vari­
eties differ with respect to the site of the larval development within the plant 
and there was delay of injury by 2 days in resistant varieties (Blum 1968). 
Roshan Singh and Narayana (1978) reported reduction in fecundity of flies 
reared from susceptible lines. There were also variations in larval period 
and adult longevity when reared from sorghums with differential susceptibi­
lity. Screening of germplasm revealed existence of resistant genotypes to 
stem borer and earhead bug . 

Sowing time : Early planting with the onset of monsoon recorded 
less incidence 01 shootfly compared to late planting in many research cen­
tres (AICSIP 1979-80). DUring post- rainy season, early sown crop suffered 
more in areas where rainy and post-rainy season sorghum crops overlap, 
but in exclusive post -rainy areas early plantings have less attack of sorghum 
shootfly. 

A study on the seasonal incidence of sorghum earhead midge indicates 
that early sowings recorded 11 per cent of sorghum earhead midge, while 
August sowings recorded more than 50 percent incidence (Table 1) . Stag­
gered sow ing results in flowering being spread over longer periods which in 

Table 1 : Date of sowing and incidence of Sorghum Earhead Midge 
at Dharwar (AICSIP 1979-80) 

Date of 
sowing 

31 - 5-1979 
15- 6-1979 
2- 7-1979 

15- 7-1979 
, - 8- 1979 
6- 8-1979 

11 - 9-1979 
1- 9-1979 

15-10-1979 
15-10-1979 

Date of 
flowering 

12- 8 ·1979 
27- 8-1979 
13- 9-1979 
26- 9-1979 
12-10-1979 
27-10-1979 
12-11-1979 
27-11-1979 
12-12-1979 
27-12-1979 

61 

Average percentage 
grain damage due to midgE 

11.0 
22.5 
24.6 
25.0 
55.3 
55.8 
23.3 
22.1 
23.3 
25.1 



turn, resu lts in high incidence of the fly . Hence, it is suggested to choose shorter 
duration genotypes under delayed sowings so that flowering is still synchronized. 

Crop re3idue destruction: The first suggestion to tackle the stemborer is 
10 check the build-up of the pest population by destroying the stubbles, and 
leeding the stems to cattle betore the start ot next season. Ample evidence is 
available regarding the emergence of borer moths from the stacked sorghum. 
The carryover of earhead midge can be prevented by destroying all the crop resi­
dues or consuming the threshed earheads and stacked panicles before the onset 
of next season, preferably by 30th March 

High seed rate : A cultural practice recommended to mitigate the shoot ­
fly incidence is the adoption of high seed rate and removal of affected seedlings. 

Spacing ' Studies were conducted by AICSI P (1978-79) to find out the 
percentage of loss of seedlings due to shootfly and average percentage of dead 
hearts due to stemborer with different spacings, keeping the plant population 
constant in an unit area. The results indicate that the variation in incidence 
due to shootfly or stemborer is negligible in the different spacings al long as 
the number of seedlings per unit area is the same. 

Fertilization: Studies on the effects of nitrogen on shootfly incidence on 
five cultivars viz., CSH-1, CSH-5, 302, 604 and Local Y -75 revealed that the in­
cidence of shootfly was more in plots which did not have any N at all as com­
pared to the plots With optimum nitrogen. But amongst different doses ot N 
(40,80 and 120 kg /hal no significant differences in the incidence of the fly was 
observed. 

Mechanical Methods 

Hand picking and destroying the caterpillars of ClfphlS from the leaf whorls 
and Hello/his larvae from the earhead will reduce the infestation. 

Light traps are useful tools tor monitoring stemborer, and other leat cater­
pillars. Light traps and fish meal traps are useful in monitoring shootfly and 
earhead midge. 

Biological Control 

Though information on the presence of natural enemies of the major pests 
of sorghum in India is available, methods for utilisation of these agents, as 

means of control. are yet to be developed . 
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Chemical Control 

Carbofuran 5 percent seed treatment is found to be effec tive. For 
combating the earhead pests. the midge and earhead bug. one has to depend 
mainly on chemical control. 

Conclusion 

C::lntrol of pests on sorghum is possible with cultural and chemical me­
thods but a strategy for pest management is to be tailored to tackle the problem 
in a particular region . Research is needed on biological control. 
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INTEGRATED NUTRIEN T 

SUPPL Y SYSTEMS 

FOR DRYLANDS 





NUTRIENT SUPPLY FROM 

ORGANIC SOURCES 

J. VENKATESWARLU 

The advantage of chemical fertilisers in drylands is well proved using the 
cardinal principles of use of moderate doses of fertilisers and considering tha 
law of minimum. But their use means higher investment costs. With the risk 
involved in dryland agriculture, besides lesser availability of fertilisers. al ternate 
sources of plant nutrients, at least to meet the demand partly, have to be 
explored. 

India has about 185 million tons of plant residues, besides 288 million 
tons of wastes of animal origin . Further, in dryland areas legumes can become 
en integral part of the crop rotation, intercropping and cropping sequences. In 
marginal lands, ley farming and growing legume trees in association with 
agricultura l crops show promise in supplementing nutrient requirement of crops . 

Problem and Approach 

The fertiliser consumption in I ndia increased from 1. 9 kg nutrients/ha in 
1960-61 to 31.0 kg/ha in 1980-81 . The production of fertilisers is 3.0 million 
tons and consumption is 5 .6 million tons; the difference is imported. Imports 
mean huge expense of foreign exchange. 

In normal years, the responses of dryland crops to added fertilisers would 
be equal to irrigated crops. Fertiliser use efficiency pef se can be enhanced by 
placement, more so for post- rainy situations and splitting fertiliser N during 
ra iny season. The over-riding constraints in fertiliser use in drylands are - (1) 
the poor small and marginal farmers. (ii) lack of availabili ty of fertilisers at cart­

ble distance, and (iii) the high and increasing cost of fertilisers. This. then. 
ails for methods for reducing the investment. Yet another factor is continuous 

OS5 of the fertile su rface soil due to erosion and decline in soil fertil ity . Orga ­
rc recycling or farming is an answer. 

Orllanic Resources 

The sources and estimated yield of various plant residues (Table 1) and 
animal wastes (Table 2) are about 185 and 288 million tons per annum raspec­
l ively. 
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Table 1 Estimated yield of plant residue of principal crops (Bhardwaj 1981) 

Residue yield 
Crop (in million tons Percent 

of dry matter) 

Rice · 80.7 43 .5 

Wheat 45.0 24.5 

Sorghum 11 .6 63 

Maize 6.2 3.3 

Pearl millet 8.3 4.5 

Barley 3.2 1.7 

Sugarcane (trash) 15.6 8.4 

Potato 5.1 2.7 

Groundnut 9.6 5.1 

Total 185.3 100.0 

Table 2 ; Estim .Hed yield of variOJS animal organic wastes (Ranjhan 1981) 

Estimated yield 
Source (on dry matter basis in Percent 

million tons) 

Bovine dung 267.0 92.6 

Sheep and goat faeces -15.5 5.4 

Pig faeces 1.9 0.7 

Poultry droppings 1.3 0.4 

Others 2.3 0.9 

Total 288.0 100.0 

The rice and wheat residues are up to 68 percent of the plant resources. 
while bovine dung is upto 93 percent of the total animal organic wastes avail­
able in the country. This is besides an estimated 650 million gallons of urine. 
The plant residues contribute about 8.4 million tons of fertiliser. and the bovine 
dung contributes about 3.0 million tons. The municipal refuse and seewage 
wastes are estimated to be 0.04 and 1.18 million tons. contributing another 0 .17 
million tons of fertiliser nutrients. 
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These vast potential resources have not been fully exploited. Residues 
are being recycled as farm yard manure and compost Siogas plants present 
another possibility for recycling. But on-farm management of crop residues in 
conjunction with wastes of animal origin would be a better answer for full r 
utilisation of those organic resources. Moreover, on-farm management avoid. 
transport problems. 

farm Yard Manure (fYM) and Green Manure (GM) 

A few exoeriments have been conducted by the Dryland Proj ct on con­
junctive use of farm yard manure and green manure with Inorganic fertilisers 
(Table 3). The results point out that with the conjunctive use of f rtlli er nd 
fYM or GM the yield of crops could be further enhanced . In 8ang810r , the 
fertiliser equivalence per ton of FYM was as much as that of irrigated flOger 
millet . 

Table 3 : Effect of green manure and farm yard manure on Yield of crops 

Treatments Average grain yi Id (Q/ he) 

finger millet (8angalore) 

Control 

GM (10 t) + Fertiliser(25-25- 25) 

FYM (10 t) + Fertiliser(25-25-25) 
Fertiliser alone (50-50- 50) 

Pearl millet (Jodhpur) 

Control 

FYM (10 t) + Fertiliser(10- 0-0) 

Fertiliser alone (40-0-0) 

ClStor (Hyderabad) 

Control 

GM (4 t) + Fertiliser(10-30-0) 

Fertiliser alone (40-30-0) 

56 

12.5 

21 .5 

232 
21 8 

8.8 

15.4 

13.9 

42 
7.2 
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The scope of using crop residues exists in several parts of India . In fact. 
in certain parts of Andhra Pradesh, sorghum is taken after greengram in deep 
black soils wherein the legume is incorporated as a green manure. Similar pos­
sibilities exist. in many regions of dryland agriculture . Experimental results on 
residue managements obtained in Banglore are presented in Table 4. The 
results suggest the advantage of residues over control for maize crop. 

Table 4: Effect of continuous application of maize residue on the yield of maize 
(Bangalore) 

'year Yield of maize(q /ha) 

with residue without residue 
--------

1970 

1976 

1977 

1978 

1979 

Average 

35 .7 

11 .5 

356 

25.2 

99 

23.5 

Note : i . Basal dose of 50- 50-50 of N, P: Or, and K O/ha 
ii. Residue lQ 4 t /ha . 

29 .5 

7.5 

28.0 

22 .3 

6.9 

18.8 

The use of organic residues over time are expected to alter the soil cons­
tituents. In loamy sand and sandy loam soils ot Hyderabad . the physical and 
chemical properties were determined after a five year study (Table 5 and 6) . 
It is clear that there is definite improvement of physical as well as chemical 
constituents, except in the case of available K. 

Mulches : At Hoshiarpur (Punjab), six tons of mulch per ha was used on maize 
field Eventhough there was no significant change in the physical environment 
in terms of soil moisture or temperature, the yields increased significantly 
(Table 7) . The data imply that the partly decomposed mulch probably contributed 
nutrients resulting in increased yields. 
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Table 5 : Effect of organic recycling on physical properties of red soils 
( Hyderabad) 

Loamy sand _ Sandy loam -Parameter Initial After 5 In itial After 5 
years yeals 

Average stability (%1 51 77 71 77 

Hydraulic conductivity 
(cm/h) 2.3 9.3 4 2 97 

Soil crusting (relative 
penEltrometer reading) 40 1 1 35 13 

Moisture content at 
field capacity ( ~~ ) 12.7 12.9 158 178 

Table 6 : Effect of organic recycling on chemical propertl S of 
soils (Hyderabad) 

Loamy sand Sandy loam 

Parameter In it ial Aher 5 Initi al Afler 6 
yeals Y r 

Organic carbon (%) 034 039 065 062 

Availabl e N (kg/ha) 235 286 284 316 

Available P20 6 (kg /ha) 6.6 129 5.5 146 

Available KI!O (kg /ha) 269 257 256 258 

Table 7 : Effect of mulch Rnd fertiliser N on forage Yield of maize 

(Prihar and Arora 1980) 

Treatment 

-----------_._------ ---
No mulch 

Mulch @ 6 t /ha 

Forageyleid (t/ha) 
~~--

N level (kg/ha) 
50 100 160 

280 

361 

36.3 

43.8 

40.7 

485 

------------------- --~- ----
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legume Component in Cropping System 

Intercropping systems: In Hyderabad. cowpea was taken as an intercrop 
with sorghum and the results indicate some benefit of association of a legume 
in the intercropping system. when it was grown as fodder . In other words, 
even without incorporation of organic matter. either as haulms or green manure, 
N-effect could be achieved by taking a fodder legume in the cropping system. 

Sequence cropping : The N-effect of a legume taken as fodder or grain 
on the subsequent non -legume crops was tested at Hyderabad and Varanasi 

Table 8: Effect of legume on the yield of second crops 

Centre 

Hyderabad 

Varanasi 

Sequence 

Cowpea (fodder) ­
finger millet 

Blackgram (grain) ­
Mustard 

Yield of second crop 

(q(ha) 
without with 

legume crop legume crop 

8.4 11 .0 

6.9 8.8 

(Table 8) . The advantage is evident. Such possibilities exist. for example. at 
Jhansi (cowpea as fodder-chickpea) and at Udaipur (cowpea as fodder-mustard). 

A fodder legume like Srylossn(hes hamata as monsoon crop resulted in a 
nitrogen effect to the tune of 50 kg N/ ha on the following post- rainy sorghum 
crop at the Indian Grassland and Fodder Research Institute. Jhansi. 

Use of Microorganisms in Dryland Agriculture 

Experiments with rhizobia on legumes in drylands were not encouraging . 
However. use of Azospirillum on grain yield of pearl millet and sorghum was 
significant (Table 9) . These results are significant and show increased yields by 
23 and 18 percent. respectively. 
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Table 9 : Effect of Azospirillum on yield of crops (H yderabad) 

Yield (Q hal 
Crop 
________________________________________ ~C=o=n~t~ro~I~~I~n~oc~ul a tod ed 

Pearl millet 

Sorghum 

Conclusion 

13.5 

26 .7 

16.6 

31.5 

The conjunctive use of farm yard manure and green manur with Inorganic 
fertiliser has given higher yields of crops. Incorporated crop res idues I ad 10 

increased yields and improvement in soil physica l and chemical charact rislICS . 
Fodder legumes in the cropping system have significa nt N-effect on non -legume 
crop yields . Use ot organic fertiliser, Azospiri ll um for Increasing yields of 
cereals seems tv be a promising approach. 
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SOME ASPECTS OF NUTRIENT SUPPLY 

IN DRYLANDS 

RAJAT DE 

It is very well recogn :sed th at application of chemica l fertilisers or orga­
nic manures increases the productivity of dryland crops. Sometimes it has also 
been said that applied in sma ll quantities but adequate to meet the needs of a 
crop, the responce to ferti lisers is higher in drylands than in irriga ted areas. 
This is because the nutrient depletion by continuous cropping over years has not 
been made good in the drylands. The nutrient status of a soil besides being 
determined by the rate of application of manures or fertilisers, is govern!'d by 

the crops grown . Also soil and w ater conservation methods adopted in these 

areas determine not only the productiv ty 0 1 the crops but also the response to 

the added manures or fertil isers. An attempt is made in this paper to bring out 

the different aspects of nutr ient supply in the drylands and is mostly confined to 
the work done at th e Indian Agricu ltural Reseilrch InstItute, New Delhi which 
is fairly representat ive of the semi -arid north western alluvial belt . 

Soil and Climatic Conditions of Delhi 

The soi l of experimental site is sandy loam, poor in N and P status and is 
capable of holding not more tnan 150 mm of pl ant extractable water in the 1 
m depth measured between 0 .3 and 15 bars. Of the 650 mm of annual preci ­
pitation , almost 80 percen t is received in the monsoon months of July to second 
w eek of September. In the post -rainy season, the ra infall expected between 
middle of October and end of M arch is 86 mm . 

Fertiliser and Water Use Efficiency 

As a management practice, fertiliser use increases w ater use efficiency by 
int::reased exploitc.tion of soil moisture mainly due to increased root growth. 
Sometimes total water use is not altered by fert iliser application but the water 
use efficiency increases due to a change in w ater use pattern. Patil and De 
(1978) and Agarwal and De (1979) reported that in rapeseed and barley, appli­
cation of N upto 60 kg /ha did not materially alter the total water used by these 
two crops but w ater use efficiency W 'IS increased. Fertiliser applicat ion did not 

alter the w ater use pattern upto the pre-flowering stage but thereafter the 
fertilized plots used more water than the unfertilised ones. In order that the 
crop does not put up too much vegetative grONth. it is necessary that the 
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initia l fertiliser application at sowing is such that It does not allow too much 
vegetative growth specially in the post -rainy season crops Initial mOist zon 
placement of two thirds of 60 kg N I ha has, therefore, been reco",", nd d by 
Saran and De (1979) for rapeseed . The remaining quantity of It IS bes t utlils d 
when applied on foliage (Table 1) . In crops like rapese d wher Insectrcldal 
sprays are inevitable to control aphids, urea can bE' easily mixed with th l! 
spraying material to supply the nutrient at this stage. 

Table 1: Rapeseed yield as affected by methods of N appli ca tion (ilV raO of 
three years data) 

Methods of 60 kg N /ha applicati on 

Placement in soil at seeding 

Placement of 2/3 N in soil and foliar application of 
the rest at flowering stage 

Seed YI£lld (<1 ho) 

164 

183 

In order to maximise th e return from the input of chemical fertlllS rs, It 
is necessary that other management aspects like choice of crops, or thelf cultl 
vars, their optimum so""il1g time and plant densi ty or crop geometry b adopt d 
It IS well known that deep rooted crops are more suitod for the drylllnds 
Sorghum which is well adapted to dryland situation has been shown to rospond 

more to chemical fertiliser when the improved cultlvars were usod. From tho 
experiments conducted under the All India Co -ordlnated Sorghum ImIJrove­
ment Project for several years, Singh (1977) has reported th at while th IOCdl 
variety of sorghum gave a response of only 7 kg grain kg N at 50 kg N appli­
cation, CSH-1 gave response of 21 5 kg grain/kg N used Apparently the water 
use efficiency was very much enhanced in the improved variety 

Seeding wheat in the first w eek of November Instead of the usual mrd­
October sowing in the drylands increased the yield of wheat several folds (Tabl 2) . 
The difference was because of high temoeratures dur ing the middle of October 
(260 C daily mean temperature) as against 20"- 220 C in the first week of November. 
Greater tiller formation and normal period of matu rity In the November lawn 

wheat increased the fertiliser and water use efficiency . 
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Table 2: Yield of dryland wheat (q /ha) as affected by dates of seeding. 

Cultivars 
Dates of seeding 

15 Oct . 30 Oct. 14 Nov. 

C-306 32.7 34.6 39.8 

Kalyansona 15.5 33.8 39.8 

Another management technique which can increase the fertiliser use 
efficiency is the row and plant population adjustment under dryland conditions . 
In a raoeseed xperiment. resoonSe to nitrogen increased considerably by 
row distance from 30 to 60 cm. Without nitrogen, highest seed yield 
was obtained at 30 cm row spacing but with fertiliser application at 30 and 
60 kg N tha highest seed yield was recorded in rows placed 60 cm apart 
(Table 3) . 

Table 3 : Effect on nitroQen rates and row spacings on the seed yield of 

rapeseed (q /ha) 

Row spacing (cm) 
Rates of N (kg/ha) 

30 45 60 
- ----

0 17.2 14.6 138 

30 17.9 19.0 20.6 

60 18.4 20.0 222 

C.D. 1.30 

These differences arose from the fact that wider spacing reduced the 
water use during the vegetative phase and the water so conserved was 
utilised more effectively for grain formation . A higher harvest index 
(HI) was obtained in the wider row spacings; the HI increased 
from 0 264 in 30 cm row spacing to 0.326 in 60 cm row spacing. 
~t is well known tilat in widely spaced plants unused soil water bet­
ween the rows is utilised at the latter part of crop growth (Brown and Shrader 
1959) . 
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Moistu ra conservation practices have a great scopa In Increasing the 
fertiliser use efficienc~ under drylands. Meelu el el (1976) reported rhat adop-
t ion of improved mOisture conservation practices like levelling and bunding th 

fields to avoid runoff, timely ploughing to incresase w ater intake rate, and con­
trol of weeds during mOAsoon fallow period resulted in 21 mm Increas In plant 
extractable water in the top 90 cm of profile . Grain yields of maiz and wh t 

were 200 and 280 kg / ha more respectively under improved method of mai tur 
conservation compared to cultivators' practice . 

Control of evaporation loss of water during the crop growth pellod hils a 
modifying influence on the productivity of dryland crops . Prlhar and Aror 
(1980) demonstrated the efficiency of straw mulching und r c!rylilnd condi t ion 
in increasing the productivity of crops. Agarwal and De (1979) found th ll t 
mulch application increased the uptake of both nitrogen and phosphoru irr spe· 
ctive of the levels of nitrogen applied . 

Cropping Systems 

The yield ot crop is normally determined by the nature of the crop PIPCS­

ding it. Legumes are known to incre3se the productivitv of subSflquont crops. 
There was, however, some doubt regarding the efficiency of gill'" I gum S In 
this regard . The experiments conducted at IARI have. however. shown ttl I 

some 'lra in legumes considerably increased the soil productiVity to b'lo fit the 
subsequently grown non-legumes. Giri and De (1979) have shown th t yl Id 
of pearlmillet was increased when grown after legumes like groundnut (22 .6 
percent), cowpea (24.2 percent) or pigeonpea (12.1 percent) rn t ad of 
after pearlmillet Benefits from previous crops of groundnut or cowp a w re 
equivalent to 60 kg N /ha applied to pearlmillet crop following a previous crop 

of pearlmillet(Table 4) 

Table 4 : Effect of grain legumes on dryland pearlmillet (average of thre cyclos) 

Yield of Pearlmrllel grain yl Id (q lh81 

Previous crops previous Rates of N (kg /ha) 

crops{q/ha) 0 30 60 
---

Greengram 7.2 249 29.0 297 

Groundnut 11 .7 289 31 3 320 

Cowpea 7.0 28.8 31 3 328 

Pigeonpea 13.6 252 28 .9 301 

Paarlmillet 205 201 26.5 29.5 
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It is obvious that the highest benefit was from the previous legume crops 
when the pearlmillet crop was unfertilised. This benefit was due to high quantity 
of mineralizable N in the legume plots. The difference between the variou$ 
legumes was due to higher proportion of viable nodules remaining upto the 
harvest of crops like grol:lndnut and cowpea than in pigeonpea or greengram 

(Giri and De 1980) . 

Possibilities of Double Cropping 

Most of the semi-arid areas with a mono modal pattern of rainfall and 
receiving between 600 and 800 mm of precipitation are compulsively mono­
cropped The farmers either raise a rainy season crop or after fallowing during 
the monsoon period grow a crop on the conserved moisture In such situations. 
it is possible to increase the cropping intensity if short season crops maturing 
or harvested in 55 to 60 days are grown starting with the onset of monsoon 
rains . The tailend monsoon rains which fall after the harvest of these crops 
may su fficiently charge the profile to enable a succeeding crop to be successfully 
grown. Giri and De (1981) grew short seaSon fodder legumes of cowpea, 
clusterbean. mothbean. ,oybean and pearlmillet between the first week of July 
and last w eek of August. Within this period the green fodder yields from the 
various crops ranged from 8.3 to 26.9 t f ha . The monsoon rains in first fortnight of 
September were sufficient to charge the profile adequately . The barley crop 
grown subsequently yielded bewteen 20 and 39 q/ha . The highest benefit 
accrued from mothbean fodder.The other legume fodders were equally effective . 
The benefit from some of these legume fodders was equivalent to about 40 kg 
of Nappi ied to barl ey crop grown after pearlmillet (Table 5). 

Table 5 : Effect of short season fodder legumes on barley grain yield (qfha) 
grown under drylands 

Previous Yield of Levels of N(Kg/ha) to barley 
fodder fodder crops 
crops (q /ha) 0 20 40 Mean 

Cowpea 163 31.9 35.8 34.7 34.1 

Clusterbean 97 30.6 37.5 380 35.3 

Mothbean 83 33.6 37 .6 38.8 367 

Soybean 96 29.5 35 .1 31.3 32.0 

Pearlmillet 269 20.4 26.5 31 .0 25.7 
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It is interesting to note that the nitrogen response was linear uplO 40kg 
N / ha in barley grown after pearlmillet . But grown after any of the legum 
fodders the optimum yields were reached w ith only 20 kg N application to bArel~' . 
These findings show that growing short season fodder legumes and harv sting 
them at least 10 days earlier than the expected end of monsoon rains would pta­
vide nutritious fodder to the milch and d,aft animals and at the same tim r IS8 

the productivity of soils sufficiently to benef it the subsequent crop grown on th 
conserved moisture to the extent of 40 kg N/ha . 

When grown in association. legumes often increase the yiold of th non-
legumes Das and Mathur (1980) have reported th at when m IZ was grown 
in alternate rows with greengram cowpea or black gram. ther wns 11 14 10 1 
percent increase in the yield of maize compared to its yield when grown In 0 

sole crop situation (31 .25 q /ha). Whea t (irrigated) grown alter maize int rcro­
pping system w ith blackgram benefitted to the ex tent of 20 kg N Iha . 

Conclusion 

Fertiliser use efficiency is increased by methods of applica tion. row pa · 
cing, plant population and moisture conservation practices. Legumes should 
form a component of cropping systems for increasing productivity of non 
legumes. 
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INTEGRATED FERTILISER USE 

IN DRYLANDS 

RANJODH SINGH 

It is now well recognised th at ferti l iser use has a key role to pi y In incre­
asing crop yields per unit area both under irrigated as w II as ralnf d conditions 
While the fertiliser use in the irrigated areas has appreciably increas d In th r­
cent years, its consumption in the unnrigated areas continues to be low. Th 
yields of the unirrigated crops, thUS, continue to be low and unstabl '. On of 
the reasons of low fertiliser use is that the falmer is parlly mak" ,g USIt 01 som 
organic manures. But the quantity as well as the quality of the oruanlc m nur s 
used is inadequate to meet the nutrient reqUiremen ts of the improv d cro Din 
system and it has to be supplemented with optimum doses of f Itdls IS with 
effective method of application for making the system more productlv The 
ferti liser use, though considered essential, IS costly and for making ff,el nt lJ 

of th is input, there is a need to improve productiVity per unit 1 rt llrs'r appll d hy 
mobilising all the quantities of organic manures. use 01 gre n manur s, ultabl 
cropping pattern with leguminous crops and follow up of mOlstur con rVillion 
practices. This will not only give better yield but will also lead 10 a perman nt 
increase in the fertility status of the soi l Specific scientific evid nc on th 
lines is limited and we need to generate scientilic data on the bett r us 
gra ted nutrient supply systems involving fertiliser, organic manul S, gr n manu ­
res, intercropping systems with leguminous crops in relation to conomy of nutri ­
ents for adoption by the farmers . I n this pap"r, th diff r nl compon nt of Ih 
integrated nutrient supply systems are discussed so as to make th xlstrng low 
yielding farming system into a product ive one . 

Moisture Conservation and Nutrient Management 

It is generally agreed that response to applied nutrients for rainted crop 
is not aSsured and sometimes not prof itable unless pr'Jper sorl and water conser­
vation practices are adopted . Lack of adequate soil and w ater cons rv tion 
measures IS, therefore, considered to be a major constraint for stabiliZing the 
yield of rainted crops. Proper soil and water conservatJnn practices should. thus. 
form an integral part of the farming system before introducing oth r Inputl of 
improved technology so 8S to live with the erratic dist 'lbu t ion of raintall Suita ­
ble watershed treatment viz, minor smoothing, terracing. grad ~ bundlng With 
provision of drainage for excess water for In $1(1/ water conservation and broad-
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bed and furrow system for In SI(/J drainage brings about permanent improvement 
and gives confidence to the farmers to make use of the costly inputs of improved 
technology . 

The improved watershed technology has adequ ately been demonstrated 
on an operational scale on farmers ' fi elds at Hoshiarpur for submontane region . lit 
Hyderabad for shallow alfisol. at Indore for deep vertisols, and at Banga­
lore for red lateritic soils. It is a prerequisite for introducing other 
inputs of improved tech nology. M ee lu or 8/ (1975) observed higher initial 
profile water storage with a minor land treatment of bundmg in Hoshiarpur 
reg ion and found that above a base stored soil water of 14 cm, w ater conservation 
practices resulted in one quintal extra wheat yield per cm extra water conser­
ved w ith optimum fertilisa tion (Table 1) . Scient ific data need to be built up 
at other centres so as to relate the w atershed treatment in terms of improving 
prof Ie water storage and stabi lizing crop yields. 

Table 1: Effect of moisture conservation practices on profile moisture dnd yield 
of crops 

Profile moisture 
Treatment at wheat sowing 

(mm /90 cm) 
----------------------------

Farmers' practice 147 

Minor levelling and bunding 168 

ationale of Fortil iser Use 

Wheat yield (q /ha) 
mean of 2 years 

(1970-71) 

150 

17 .8 

Next to water. yields of rainfed crops are limited by nutrient deficiencies. 
It is known that initial f ertiliser application increases crop vigour and more vigo ­
rously growing crops develop deeper root system which helps the crop to extract 
water from lower layers particularly during later periods of growth (Singh or a/ 
1975) . Results of large number of field experiments conducted at different 
resf'larch centres clearly bring out the profitability of the use of fertilisers (Chow­
dury 1979 and Tandon 1981) . The response to applied fertiliser, however, is 
found to vary with soil type, available water storage at seeding and anticipated 
seasonal rainfall during the crop season (Table 2). Both maize and wheat 
responded to N application upto 80 kg Nl ha in a sandy loam and up to 40 kg 
Nl ha in a loamy sand soil (Singh at a/ 1975) . Like wise response of wheat to 
P application was also found to be related to soil types (20 and 40 kg 

P~ all/he In loamy sand and sandy loam soils respectively) having low and 
medium in available phosphorus. The yield response to added nutrients 
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changes with a change in water supply. Below a certa in level of W ter 
supply there is no response to added nitrogen likewise response to nltrog n 
exceeding 40 kg /ha is not observed until a threshold water supply i ronched 
(Pri har e: 8/1981 \. These observations further suggest that feltill ar lat 
must be decided in relation to available w ater supplies to ensure an adeQull te 
fertiliser use efficiency. Critical field experiments have , thus. to be t,lk n up 
so as to rationalise the use of fertilisers depending upon the soil typP dnd the 
anticipated seasonal rainfall. 

Table-2 : Effect of soil type, stored w ater and ra infall on fertIliser re pons 
in wheat 

Soil Storage Winter Contlol F rtl ' R pone 
Year type (cm! 180cm) Rainfal l yield I,sed (kg gr 10' 

(cm) (q ,ha) Yi eld kg N ) 
(Q hal 

1971 -72 LS 26 .3 13.7 87 11 7 100(30) 
197L-73 LS 24 .2 14.1 , 66 241 250 (30) 
1972-73 SL 27 .1 14.1 19.0 355 20 .6 (80) 

1973-74 SL 245 6.2 23.2 33 .4 12.9 (80) 
1975-76 SL 28.1 15.5 23 1 359 16.0( 100) 
1976-77 LS 29.7 3 .2 10.8 221 23.S (40) 

1977-78 LS -SL 27 .6 17.3 257 3q 7 175 (80) 

197 8 ·79 lS-SL 23.6 27 .1 , 9.1 400 213 1 (80) 

Figures in parenthesis indicate opt i '11um level of response. 

SL : Sandy loam , LS : Loamy Sand 

Fertiliser Use on Soil Test Basis 

Response to fertiliser applicat ion, particularly phosphorus. potas!.lum and 
zinc IS related to soil tests and efficient use of the fertilisers can only be made .f 

these nutrients are applied on soil test basis . While Informa tion on thiS aspect 
is available for irrigated crops, it is not adequate for rdlnfed crops. The u of 
fertiliser on the basis of soil test has become all the more Important due to Its 
prohibitive cost and for making effiCient use of th is costly Input The 1011 t .t 
data of surface as well as lower layers may help to explain some of the realon. 
for lack of response in certain situations. The results suggest that conomlc use 
of fertiliser can be practised better on the basis of SOil test for indiVIdual f,old. 

rllther than that of regional recommendat ions . 
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Fertiliser Requirement and Cropping Sequence 

The general fert i liser recommendations pertain to individual crops and de 
not keep in view the crop sequence; so, residual effect of the fertiliser applied to 
the first crop is not taken into account The residual effect under limited water 
cond it ions is likely to be more and there can be some saving of fertiliser required 
for the following crops. It may particularly be appreciable, if the year happens 
to be a drought year . In rainted agriculture organic manure, in general. is 
applied to the railly season crops and in th is case additions of inorganic P and K 
may not be required part icul arly to the short duration crops. if the soil test reve ­
als the avail ability of these nutrients is not low. In irrigated agriculture there is a 
saving of 60 kg Nand 30 kg each of P20 r. and KlI O per ha to wheat crop with 
the application of 12-15 t, ha of FYM to maize in maize- wheat sequence in 
Punjab (Table 3) . In another experiment, it was observed that it is more 
remunerative to apply phosphorus to wheat in maize-wheat sequence and 
its application to the following maize can be om itted (rable 4) . The budd 
up of soil phosphoru s and potasSium will. however. depend on the quantity as 
well as the quality of the organic mdnure added. The economy of nutrients thr­
ou gh farm -yard manure is determined by its quality and it is generally rated as 
poor. The quality. thUS. needs to be improved by including leguminous foddws 
in the cropping patterns for improving the fertiliser use efficiency of the 
applied ferttliser. I 

Table 3 : Effect of organ ic and inorgan ic fertil iser on maize yield 

Maize yield (q /ha) 
Treatment Mean of 3 years 

(1974-76) 

Control 16.4 

120 kg N ha 

FYM (12 tons/ha ) 

FYM + 60 kg N/ ha 

FYM + 90 kg N/ha 

FYM + 60 kg N + 30 kg P20 5 + 30kg K~O/ha 

No. of trials 
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29.7 

22.8 

27.8 

30.0 

29.5 
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Table 4: Effect of phosphorus on crops in maize-wheat sequence (Mean of 
five years (1968-73) 

Treatment Grain yield (q lha) 

Maize Wheat Total 
- ---

60 kg P OCl /ha applied to maize only 31.6 348 66.4 

60 kg P20 6 /ha applied to wheat only 31 .7 42.5 74 .2 

30 kg P20 6/ha applied both to wheat 33.3 393 726 
and maize 

In a crop sequence where a pulse crop is followed by d cere I, pho pho 
rus application benefits the pulse crop and it appreciably eC0l10m1Se Ih u of 
nitrogen for the following crop. Detailed studies are, however, needed 10 quan­
tify the N savinQ through the use of organic manures and inclusion of puis 
crops in a crop sequence . 

Farmerc; of the rainfed areas traditionally go in for inler /mixed cropping 
systems as a strategy for increasing crop intensity and to stabilise crop produ­
ction. This practice is one of the integrated cropping systems of Ih farmers to 
economise the nutrient needs also. On deep vertisols at ICAISAT. sorg"um 
requirement fo' nitrogen is less if It is grown in an intercropplng systom as 
compared to sole sorghum Some nitrogen is likell' to be transferred from pig.· 
onpea to sorghum (Sahrawat et al 1979) Similar observation was appar nl from 
8 series of field experiments conducted with wheat + chickpea as mixed crops In 

Hoshiarpur (Punjab) region and there is atleast a saving of 20·40 kg N/ha 
(Table 5) . There is need to quantify extenl of N transferred from legum to 
cereal in an intercrop system so as to derive full potential of biological N fixlltion 
by the legumes. 

GrHn manuring, Mulching and N Economy 

There are extensive current fallow areas in the rainy sea on in the 
assured rainfall areas and introduction of green manuring crops in thesa vast areas 
will be of significance particularly for conserving soil against erosion by acting a. 
a Cover crop and by improving native fertility of the soil through N fixation and 
N addition . Different leguminOus crops very in their N fixing capacity and it i. 
reported that about 40·80 kg N/ha can be turned under by the gr en manure 
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Table 5 : Response of wheat + chickpea mixture to Nand P applicaton 

Sandy loam Loamy sand 
Treatments 1978- 79 1979-80 1977-78 1979-80 

Rate of N (kg/ha) 

0 22.2 18.0 16.3 15.7 
20 26.2 21 .5 20.3 19.0 
40 31.4 27 .5 22.7 19.9 
60 36.8 28.0 26 .6 20.4 
C.D. (0 .05) 2.1 3.6 2.5 2.7 

Rates of p~ 0 :. (kg / ha) 

0 28.5 23.3 18.1 18.6 
20 29.7 24.0 22.9 19.5 
C.D. (005) NS NS 2.5 NS 

Available P (kg 'ha) 20.2 235 16.2 18.6 

crops (Raychaudhuri 1977) . How best it can form as part of the farming system 
in the drylands needs attention . Growing of greengram with early monsoon 
showers IS a conventional practice with some farmers in August swon sorghum 
tract of Anrihra Pradesh, where greengram is taken as a lagume prior to 
sorghum. The other legumes like cowpea, blackgram, soybean, can be grown 
for grain and the residues incorporated . 

In assured rainfall regions in North India, growing of eight week dura­
tion green manuring crop of " Sunhemp " on marginal soils in the fallow-wheat 
sequence increases yield by acting as a cover crop as w ell as by improv ng 
the native fertility of the malginal soils Long te rm studies carried out by CAZRI 
Jodhpur revealed th at a saving of 20 kg N/ha to pearlmillet could be effected in 
the greengream - pearlmillet sequence In Bangalore region, growing of cow­
peas with an addition of FYM at the rate of 10 t/ha he Iped in saving of 25 kg 
each of N, P:: 0 6 , and K20 per ha for f,ngermillet (Singh et 01 1981) In areas 
where long duration crops like castor is grown, cowpeas could be grown as an 
intercrop for a six w eek period and incorporated in situ as a green manure; the 
contribution through green manure is upto 30 kg N/ha (Venkateswarlu 1980) . 
Results obtained at other research centres are also encouraging and need further 
elucidation for their specific role in N economy and improvement in physical 
properties of soils. 
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Wherever it is not possi Jle to grow green manure crops, plan ting of I gu­
minous shrubs and trees on road sides and aro Jnd the f ield boundaries should 
be considered. The leaf from these pl ants can be cut and ulilised for fir n 
manuri ng or as fodder . The twigs of the plan ts w ill also serve 35 ource of fu I 
(Subba Rao and Rao 1979) . 

Recently, it is establ ished that in a low inpu t system on vertisols, p'ge­
onpea ca n be grown successfully as a post - rainy crop and this pr ctrce 'S be,ng 
investiga ted at a number of pl aces in Ind ia, ,nclud,ng ICRISAT The crOPP'n 
sys tem con sists of growing a crop of pigeonpea plantrng around October) h r­
ves t ing i t by ratooning in late February or M arch and leaving the plants 10 til e 
f,el d Ow ing to their deep root system and perenn,al nature, many of thf'm 
survi ve the summer and, w ith the on se t of monsoon rains qUickly stdbl,sh.l 
full ca nopy. A good normal season crop is harvested," December, dnd II fur­
ther ratoon ha rvest can be obtained from the Silm-l plants by Fobru,uy or M .trCh . 

when the Slocks are removed from the fi eld The feaslb lity of Ih ls syslem h<ls 
recently been demonstrated by th e scient ists of the pul,e phYSiology group ,tt 
IC RISAT and It is indicated that on the b"SIS of fallen leaf mat 1101 . It IS Itk Iy 

to add 40-50 kg Nt ha to the foll ow ing crop of sorghum. 

Mulch inQ rainfed crops with o rgan ic residues is known 10 h Ip rnr r 0" 

soil moisture and increase fertili ser use eff iciency indirectly nnd even ~o" mulch 
proved useful in increasing yie ld of post -rainy sorghllm grown on black otis of 
Bi lapUr. The advantage w as not quite apparent in the rod laterlt'c salls of 
Bangalore. 

In highly impermea bl e soi ls l ike th ose o f Bellary, vertlctll mulching at 4 mot r 
interval was found to be extremely use fu l. In l ight texturfld salls, apolicatlon of 
organic mu ches (4- 6 t tha) delayed the rate of surface drying and whIm nppliod 
over the seeded rows of pearlmillet, mi t iga ted II I effActs of surface crusting and 
resulted in good crop establishment ( Singh et 0/ 1981 ). 

Application of surface mulch in the standing crop of maize in th I II~ t 
week of August or in the fallow plots was fou:'ld to benefit the post-ramy crops. 
The increase in wheat y ield w ith mulching in the prevIouS crop of maize ,s 
attributed to grea ter residual moistu re afte r maize particularly In the seed zone 
and enrichment of soil with nutrients (Prihar et 011981) In wheat follOWing 
mulched maize, the yields with 0 and 40 kg N/ha were comparable to those 
with 40 and 80 Kg N /ha in the absence of mulch It, thUS. suggests a saving of 
fertiliser N to the extent of 40 kg N /ha to the succeeding crop of wheat (Table 6) . 
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Table 6: Mean wheat yield (q/ha) as affected by mulch and N application 

Treatment 
N rate (kg/ha) 

Loamy sand Sandy loam 
o 40 80 o 40 80 

Control 19 26 30 25 36 46 

Mulch 26 32 35 37 45 47 

Mulch applied in standing maize and N rates to wheat crop 

Efficient Method of Fertiliser Application 

For maximising fertiliser use efficiency of the limited fertiliser input, it is 
essential to apply the fertiliser at propel location and time . Deep place­
ment (8-10 cm) below the soil surface is considered essential particularly under 
receding moisture conditions. Split application of nitrogen, however. is benefi­
cial to the rainy season crops. Foliar fertiliser application and set row applica­
tion have also been shown effective under certain situations (Singh et 0/1981) . 
Proper placement of fertiliser on farmers' fields is one of the constraints in the tra ­
ditional system and there is urgent need for a low cost s'led-cum -fertiliser drill to 
improve fertiliser use efficiency and othEH inputs of improved technology. 

Conclusions and Future Projections 

The fertiliser use has to playa key role in rainfed agriculture but its cons­
I umption till now is low. The farmer is using some organ ic man ures, but 
I the efficiency of his system is so low that the soil productivity is seriously impai­

red . The fertiliser is costly and for making efficient use of this input. the inter­
grated nutrient supply system should form an integra l part of the farming system 
to improve productivity per unit fertiliser applied by mobilising all the available 
quantities of organic manures, scheduling optimum doses of fertilisers in crop 
sequence in relation to water supply, suitable cropping patterns, other manage­
ment practices including placement of fertiliser with effective follow up of mois­
ture conservation practices. Scientific evidence on the use of the integrated 
system is limiting and there is a need to generate data on its better use so as to 
make the low yielding farming system a more productive one. The following 
aSPects should receive thrust during the 80's : 

i. Suitable water-shed treatment for In situ water conservation and 
surface drainage needs to be taken up before introducing any input of 
improved technology. 
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ii. The response to fertiliser use is variable and the fertil iser dose must 
be decided in relation to available water supplies . 

i i i. The general fertiliser recommendations need to be modified on the 
basis of soil test so as to economise the use of P and K f rtiliser . 

iv. Fertiliser schedules for different crops need to be worked out In 

cropping sequence. 

v . The quality of organic manures used. in general. IS poor and need to 
be improved through suitable conservation measures. 

vi . In the intercropping system. there is need to quantify the xten t of N 
transferred from legume to cereal so as to dellve full pot nti I of 
biological N fixation . 

vii . Growing of green manure crops/pulse crops w ill be of significance In 
the extensive fallow areas in the rainy season to check sOil loss and 
to improve native soil fertil ity. 

vi ii. Role of green manure/crop residues needs further elucidation for thltlr 
specific role in nutrient economy and improvement in physical prop r­
ties of soil. 

ix. For maximum fert i liser use efficiency the fertil iser should b alw ys 
placed in the moist soil lone. A low cost seed cum-f rtiliser drill 
is needed. 

References 

Chowdhury.S.L 1979. Fertiliser management in dryland regions for incr as d 
efficiency. Fertiliser New s 24 : 61 -66 . 

Meelu. 0 P .• Bishnoi. S.R .• Sodhi, J S. and Sekhon. G S , 976. Effect of N. P. 
K method of N application and moisture conservation practices on crop 
yield under rainted condit ions. Indian Journal of Agronomy 20. 222-225 

Prihar, 5.5., Sandhu, K 5 .• Singh, Y and Singh. K. 1981. Effect of N rates on 
dry lend wheat in relation to mulching previous crop or fallow. F rtlh r 
Research 2:211-219. 

Raychaudhuri, S.P. 1977. Integrated nutrient supply for increased crop produc ' 
tivity. The fourth Tamhane Memorial lecture. Journal of Indian Soc! ty 

of Soil Science 25:444-456. 



Sahrawat. K.L.. Rego. T.J. and Burford J . R. 1979. Work experience in 
rainted farming at ICRISAT with special reference to fertiliser use. Procee ­
dings- FAI group discussion on fertiliser use in drylands. pp. 21-30. 

Singh. R .• Singh. Y., Prihar. S.S. and Singh. P. 1975. Effect of N fertilisation 
on yield and water use efficiency of dryland winter wheat as affected by 
stored water and rainfall. Agronomy Journal 67 :593- 603. 

Singh, R.P .• De, R., Malik, D.S., Hegde, B.R, Umrani, N .K. and Singh, R.K. 1981. 
Quarter Century of Agronomic Research in India (1955-80) : Dryland 
Agricu lture Indian Society of Agronomy, pp 61-78. 

Tandon, H. L.S . 1981 . Research and development of fertiliser use in dryland 
agriculture . Fertiliser News. 26 :25-34. 

Venkateswarlu, J 1980. Fertiliser use and dryland farming systems- National dry­
land agricu lture experience- paper presented at the India IFAO /Norway 
seminar on maximising fertiliser use efficiency · Sept 15-19, 1980 
New Delhi . 

77 



RUNOFF MANAGEMENT 





RUNOFF MANAGEMENT 
K. VIJAYALAKSHM I 

In many parts of India, a rather low percentage of annual rainfall is used 
for crop production due to various reasons. This tells adversely on the produc . 
t ivity of crops and makes rainfed agriculture a risky propoSition . Thus th first 
and foremost consideration in the rainfed farming should be to con erve and 
efficient ly utilize the rain water . Attempts have been made in the Dryland Proj t 
and elsewhere to conserve the rain water where it falls. as much as pos ibl ,and 
also to collect and reuse the excess runoff water. 

Moisture Conservation in situ 

As moisture is one of the most limiting factors in dryland for crop produ­
ction, every effort should be made to conse rve as much rain weter as pos rbi, 
at a place where it falls. Surface mulches. stubble mulches. tiliag and I nd 
configuration Are being considered with this in view and have been found uS ful 
for specific condi tions. In spite of all these effor ts, runoff is stili a certainty 
The emphasis in this paper is on runoff management. 

Runo" Harvesting 

Low rainfall areas « 700 mm rain) : In areas with low rainfall , many a 
time crop failures occur . Due to the risk involved. cash inputs like fertdll r. , 
hybrid seeds and pesticides which, in tu rn, boost up production do not find 
ready acceptance with the farmers. In these areas, stable crop production il 
possible by cropping only a part of the area in the warershed. Studl 5 on thiS 
aspect have been carried at Jodhpur (Table 1) The advantage of draining w t r 
from IIpper reaches and using th is extra water for crop production is eVld nt 

Table 1 : Effect of Inter-plot water harvesting on grain yield of pearl mill t 

Catchment to cropped area 

1 : 1 (Slope on one side) 

1 : 1 (Slope on two sides) 

1 : 2 (Slope on two sides) 
control 
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Yield(Q/ha) 
(Mean of two y arl) 

25.1 

280 

20.8 
18.6 



However, more work needs to be done to find out : 

i) how many years the crop failures occur, based on the analysis of 

rainfall 

ii) how to make the, draining, catchment more productive 

iii) what is the proportion of catchment to cropped area . 

iv) what mechanical measures are needed to ensure that soil erosion is within 
permissible limits . 

v) what would be the best crop, cropping system and management practices 
for ensuring stability in production. 

It has been found at Jodhpur that catchment can be cropped with 
lilyphus maUf/{IOnI8. Fruit trees, legumes_ fodder trees etc in the -draining 
catchment' could add to the total income of the micro-ca tchment and at the 
same time, assure sustained cropping in lower areas. 

The second approach for these ar9as is to conserve more moisture in 
furrows by adopting ridge -furrow or bed furrow system and planting the crop in 
the furrows. Treatment of the sides of ridges has also bp.en tried to increase 
the runoff into the furrows (Table 2) . In order to use this system more profitably. 

Table-2 : Inter -row w ater harvesting in Sierozems on yield of pearl millet 
In Jodhpur 

Intor-row treatment 

Tank silt over ridge 

Polythene' sheet between rows 

FYM in ditches (3 t tha) 

Sowing on the sides of ditches 

Sowing on raised seedbed 

emphasis should be on : 

Yield (q /ha) based 
on cropped area 

6.8 

8.4 

9.1 

5.6 

3.4 

i) the artificial methods that could be used. Compaction is a simple 
practice that can help, Treatments with bitumen/paraffin etc can also be 
effective. 
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ii) how often do these extra practices have to bt done i e. ar they 
permanant? 

\ji) the best crop. cropping system and management practices. 

In fact. both the inter· plot and intra-row water harves ting systems can be 
implemented by individual farmers. 

Areas with moderate rainfall nOO-1000 mm): In thes areas th fIrst 
attempt is to conserve as much of w ater as possible where It f ils. For thi 
mechanical and cultural practices are needed However. th exces WliltH th t 
canno t be conserved in the root profile is to be collected . Th IS ar a has be n 
recei ving serious attention at Dryland Research Centres and at ICRISAT. 
The available information from d ifferent areas covers: 

Work on sea lants: Natural silting has been found to reduce s pag In 
large tanks (Table 3) However. in smal l dug ou t ponds the nalural I II llnO WIll have 
very l itt le practical applicat ion as this would reduce storage space considerably. 

Table 3 : Effectiveness of natural si lt ing in farm ponds 

Research Centres Year 

Rajkol 1st year 

3rd year 

5th year 

Dehra Dun 1 st year 

5th year 

10th year 

Seepage as percenlage 
of f Irsl year 

100 

25 

14 

100 

38 

24 

Efforts to find cheap and easily available .ealanl5 have not been very 
successful. But some promising materials found good at different dryllnd 

centres are given in Table 4. 
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Research 
centre 

Bangalore 

Dantiwada 

Hyderabad 

ludhiana 

Rajkot 

Ranchi 

Varanasi 

Table 4 : Some effective sealants 

Material used 

Clay + sodium chloride + sodium 
carbonate (20 : 5: 1 ) 

Soil : Cement (5: 1) 

Soil : Cement (10: 1) 

Plastic lining overlaid by brick work 

lime mortar (1 :6) with asphalt lining 

Cement: sand (1 :6) 

Plastic sheet overlined by brick work 

Brick lining overlaid by cement + 
plastering 

Asphalt 

Bottom polythene 

Sides polythene 

Soil + cowdung + straw (7 :2:1) 

Soil compacted to high bulk density 

Clay 

Coal tar 

Black polythene 

Brick lining 

Soil : Cement {10:1} 

Seepage as 
percentage 
of control 

19 

30 

42 

9 

11 

19 

o 
o 

31 

5 
31 

11 

43 

56 
44 

4 

4 

24 

Till today. none of the sealants have been found to be as efficaceous as ce­
ment ·concrete on a long range basis . There is a need to intensify the work. 
It may be advisable to do some research on choosing the material or the effec­

tive proportion of mixtures under laboratory conditions and then test only one 
or two successful ones in dug outs , This is necessitated due to operational 
problema. However, final testing needs to be done in the natural watersheds. 
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Supplementa l Irrigat ion 

Information from most of the centres are available on the respon 
of crops to different quantities of water (Table 5) . 

Table 5: Effect of supplemental irrigation on Yield of crops 

Level 
Crops of irrigation 

(cm) 

Yield 
(q,lha) 

a. Short duration rainy season crops 

Sorghum 0.6 25 .1 
Maize 1 26.6 

2 443 
Finger miliet 5 23.2 
Soybean 8 20.5 

b . Long duration rainy season crops 

Castor 5 13.2 
Pigeonpea 3 1.7 
(Sale crop) 5 33 
Pigeonpea 2 0.4 
(as intercrop 4 0 .8 
with pea rl millet) 6 1 8 
Tobacco 13.0 

c. Post - rainy season c rop~ 

Wheat 2 15.8 
4 20 .6 
6 26 .0 

Rape seed 1 3.5 
3 4. 6 
5 5.4 

Yield 
response 
to irriga ­
t ion (uti ) 

560 
15 
40 
43 
14 

31 
240 
560 
100 
300 
800 
58 

35 
78 

123 
40 
84 

116 

R s arch 
r nlre 

Hyderildad 
Jh,msl 

Bdng olor 
Inoor 

Hydorab,Jd 
Jhtlnsl 

Hyd rabad 

ontlwad 

Oct rd DUll 

Ranchr 

Scheduling irrigat ion to moisture depletion, or according to Ih n ad of th 
crop taking into account cumulative pan evaporation would help '" incr aflng 
the efficiency of water use. But these approaches are mainly useful for post 
rainy season . 
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Irrigation at Critical Stage 

Information on a limited scale is available tor the most critical stage 
for water application . This would ensure the efficient application of the scarce 
resource of w ater (Table 6) . 

Table 6 : Effect of critical irrigation on sorghum in Hyderabad 

Stage of crop Yield (q /ha) 
(Mean of two years) 

Control 13.9 

Vegetative phase 17 .4 

Flowering phase 19.2 

The data clearly point out the need to time irrigation and to give it at specif ic 
crop stages. Thus, it would be essential to know the critical stages, the quan­
tity of water most economical etc: for each crop to make the best use of the sup­

plemental water . 

Size and Shape of Pond 

AI present, the size has been very arbitrarily chosen for the ponds located 
in the watershed. The first need is to quantify the runoff. The existing runoff 
and sediment prediction equations do not give reliable estimates Intensive 
efforts and e Ktensive studies are needed to generate the hydrological informa­
tion about small watersheds . This would help in setting up simple and fairly 
reliable mathematical models . Such models then can be extrapolated for plan­
ing and designing w ater harvesting systems. The size of the pond then can be 
tailored to the runoff water without much of ecological imbalance . As a coro­
llary to the size, the shape and storage capacity could be decided keeping in 
view the minimum loss of cropping area . 

lifting Devices 

Not much attention has been paid to lifting devices yet . Many pumps 
are available, but the cost is prohibitive . The use of lifting devices will have to 
be relooked into to cut down costs and at the same time be efficient. 

83 



Method of Applicat ion 

Another area of interest IS m application of the w ater The Quantity 
being limited, the applica t ion methods have to be very efficient Work done at 
Hyderabad in red sandy loam soil indicate some advan tage of con fm d alt rna t 
furrows with very small quant ities of water . 

Moditications of drip, sprinkler etc also need to be studi d as ttl $ a 

such, are of little value, being costly . Moreover, th lunoff w atel ~ nerally 
contai n, suspended silt and clay, thus making it very difficult to uSt! conventional 
drip or sprinkler . 

Our efforts are to increase cropping intensity through in tercrop and seQu nce 
crop systems, it would be appropriate to find out the b st crOPping syst ms lor 
supplemental irrigation . This woul d mean tha t yie ld pE'r Quantity of WAtN In 
system IS Important . The w ater collected can also b~ used lor grnWlng veg.te 
bles for home consumption or for sa le pa rt icu larly In areas neilr a city wh r 
demands are high . Yield respon ses of different vegetables to supplomen tal 
irrioation are very encouraging in studies conducted at Bangalor and 

Hyderabad 

Fodder crops : Diversification of w ater us is 55 ntlal In time" of 
stress, it is th e fodder component th at suffers badly Also . It IS an accopt d fact 
th at there are very little legumes In our pastures ; so, one of the ways of U Ing 
the harvested water could be for growing legum s for fodder as second crop 
(Table 7) . 

Table 7 : Supplement al irriga t ion to a legu me 

Level of 
Fodder crop Irriga t ion 

(cm) 

Cowpea 0 

5 

Cowpea 1 

2 

Horsegram 1 

2 

84 

Yield 
(q lha) 

607 

'143 

7 1 

81 

34 

85 

R S 8rch 

Centr 

Bangalor 

Hyd rabed 

Hyderab d 



Other Alternate Uses 

i. It has been found at Hyderabad Operational Research Project that the 
farmers used this water for spraying purposes. 

ii . Water can also be used for the requirement of cattle . 

iii. If water can be stored for a few months in the pond. there is possibilty 
for fish culturE' . This is an area that needs further exploration. 

iv . During off -season, it w as noticed that the farmers in Operational Rese­
arch Project (Hyderabad) respread the accumulated si lt in pond thus 
offsetting to some extent the erosion disadvantage . 

Future Needs 

As evaporation losses are high from ponds, inexpensive methods need to 
be tried in order to cut down evaporation. Use of w ind barriers, shading the 
w ater surface etc should be thought of. 

All the methods emphas'ze the col lection and reuse of the water in the 
donor catchment. However, in some areas . instead of surface collection, it may 
be more profitable to recharge the ground water. Thus, the water collection 
ponds would be percolation tanks. However, it is essential to remember that 
the water thus recharged into the wells should be used for stabilising crop pro ­
duction extensively rather than 1.:>r limited area under irrigated crops 

Another approach w t)uld be to construct ch eck dams and gully plugs in 
the watershed and to use this eKtra water for growing fruit trees to augment the 
income of farmers. 

High rainfall areas ( 100 mm) , 

In this areas, double cropping is a distinct possibility. However, in rainy 
seaons, crops suffer due to temporary water logging. The crop drainage can be 
provided either through inter-plot or inter · row water harvesting systems. 

Studies conducted for five years at Dehra Dun clearly show that a combi ­
nation of paddy + maize does better, as the extra water from maize is used pro­
fitably by rice (Table 8). This concept need to be explored in high rainfall areas 
to stabilize a system with rice especially. 

The extra harvested w ater in ponds can also be used for stabilising a 
second crop. Time of application, quantity and the crop needs are to be worked 
out depending on specific areas. 
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Table 8 : Yields of paddy-maize combination in a w atershed at Dehra Dun 

Yield (q / ha) Total yield 
Watershed crops Paddy Maize (q /ha) 

All paddy 19.4 19.4 

Maize : 1 paddy 11.4 12.1 23.5 

2 Maize : 1 paddy 9.4 14.7 23.8 

3 MAize: 1 paddy 8.2 16.6 24.8 

All Maize 20.0 20.0 

Wetlr for Increasing Fertilizer Efficiency 

Generally, in drylands, medium fertility levels are recomm nded because 
of risks involved . With supplemental watering , fertilizer use ca n be made more 
effective as can be seen in Tabie-9. This area needs to be further explored to 
schedule fertilizer application depending on moisture sta tus of soil and avai ldble 
water for supplementa l irrgation. 

Table 9 : Nitrogen fertigation studies on the yield (q /ha) of w heat in Dehra 
Dun (Mean of 4 years 

--Time of Clnty. of water Level of nitrogen (Kg /ha) - --
application (cm) 0 50 100 150 Mean 

Control 0 14.8 17.0 19.8 221 18.4 

Pre-sowing 5 26.8 33.2 36 .1 42.0 34.6 

Crown root 5 26.4 31.0 35 .9 39 .3 33 .1 
Pre-sowing + 
Crown root 10 30 .7 39 .8 44 .9 51 .9 41 .8 

Mean 24.7 30.2 34.1 38.8 
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in a watershed, a part of the area may be unfit for cultivation . Either we 

have to protect the soil with a vegetative cover or we can also think of treating 
the soil, so that maximum water is allowed to runoff without soil erosion . Bitu­
men /paraffin etc can be used for this purpose . These provide proper binding to 
and check soil erosion . 

Conclusion 

Work on different aspects of runoff management is already on the ground. 
There are a few missing "Bricks" that have to be "fixed in" . Also, the possible 

alternate uses have been elborated . Needless to say that runoff management 
in totality has to be linked to not only moisture conversa t ion but also crop 
management to make it a viable technology for use on real farm situations . 
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RUNOFF MANAGEMENT ON SMALL 

AGRICULTURAL WATERSHEDS : 

THE ICRISAT EXPERIENCE 

S.M. MIRANDA, P. PATHAK and K. L. SRIVASTAVA 

The average annual rainfall in several parts of the semi-arid tropics would 
seem sufficient for one or, in some cases. two good crops per year However. 
the rainfall patterns are erratic and extended droughts are frequent. Much of 
the rain occurs in high intensity storms often resulting in runoff and erosion even 
on relatively flat lands. There are cases when the storage capacity of the soil 
profi Ie is exceeded; then percolation of water to deeper layers takes place. 
Thus this situation in which only a portion of the rainfall is IIvailable for crop 
use has resulted in unstable food production and continued low yield levels in 
much of the semi-arid tropics (SAT). 

From the very outset water was consciously recognized by ICRISAT 
scientists as the major constraint to improved farming system in the 
SAT. Alleviation of the effect of this barrior, therefore . has been th 
central focus of the major activi t ies of the Farming Systems Research 
Program. In the process, the watershed has been adopted as the basic unit in 
optimising the development, storage and utilization of water in improving every 
phase of the crop production system. This has led to efforts in developing 
systems of land and water management aimed at promoting the maximum In SItu 

utilization and conservation of water , and reducing to a minimum the effects of 
high intensity rains or loss of soil by erosion and temporary waterlogging . 
Specifically, the following areas have recieved primary research attention . 

1. The development of land management technology that would resu lt in an 
improved moisture environment for crops control runoff and erosion and 
where necessary, increase infiltration of rainfall without cauling drainage 
problems: 

2. The development of a surface drainage technique that would result in 8 

better growth environment for plants and improve the workability of the soil 
during the monsoon without resulting in undesirable runoff . 
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3. The development of a waterway system that would safely convey excess 
water from the land with minimum interference to agricultural operations. 
contributing to the overall productivi ty of the system of farming . 

4. The development of alternative technologies for the use of available 
surface and groundwater on upland crops. resulting in increased benfits 
through stabilization of rainfed agriculture and by lengthening the growing 
season. 

5. The development of a superior system for runoff collection and reutilization 
to increase the available water resource on a watershed basis 

Clearly implied is the importance given to runoff management and 
control in the development of a more productive and dependable farming system 
for the farmers of the SAT. 

Small Agricultural Watershed Approach 

The small agricultural watershed approach involves an attempt to opti­
mize the use of watershed precipitation through improved water, soli and crop 
management. Better utilization of water has been tr ied by one or more of the 
following methcds (Kampen, 1979) : (1) directly by improving infiltration into the 
soil and thus making more water available for plant use; (2) th rough drainage. 
collection, storage and reutilization of runoff ; (3) by water recovery from w ells 
after deep percolation beyond the root profile. At ICRISAT, intially six natural 
watersheds were developed for monitoring 01 the water balance and intensive 
data collection for different land and water management techniques They repre­
sented a number of alternative land treatments from traditional field bunded 
rainy season and dry seasen cropping to double cropped land which was smoothed 
end ridged before planting . Different furrow slopes were tried. i.e. 0 .4 0 .8 
and 1.0 percent. A "watershed-based" system of land and water management 
has evolved from these studies and is found potentially effective for vertisols. 
The land surface is formed into broadbeds and furrows of 150 cm 
amplitude and with a gradient of 04 to 0.8 percent along the bed and 
furrows . The furfows lead to waterways which, being grassed. safely conduct 
excess surface runoff into tanks and/or natural drainage channels . Velocity 
of runoff is controlled by the directions and slope of the bed and furrow system 
which act as "minibunds',. preventing concentration in large overland flow. 
Since the bed and furrow system can be a semi-permanent land feature: it 
provides protection against soil erosion on a year-round basis and adequate 
drainage during prolonged rains . It also facilitates supplemental irrigation 
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when needed . Figure 1 shows a small w atershed with graded broadbed and 
furrow system and with grassed waterways and a tank for stormg runoff . 

Results from 1976 to 1981 in sma II agricu Itura I wa tersheds in vertisols at 
ICRI SAT indicate that this system which has improved the management of land 
and water resources has also made possible double cropping of cer als and puis s. 

Runoff Characteristics 

Vertisols (black soils) and alfisols (red soils) which are two of the most ab ­
undant soils in th e SAT are conveniently found in the ICRISAT Research Centre . 
Although they may occur in close association, their management requirements 
and runoff characteristics are very different. The most striking example is th 
fact that farmers crop alfisols during the rainy season and vertisols mostly 
only during post- rainy season . Runoff is observed to occur earlier on alfi ols and 
later on vertisols. Their contrasting nature is attribu ted primarly to differ nces m 
types and amount of clay moisture holding capaci ty , wOlkability and other 
associated characteristics. 

Because of the differences in their clay mineralogy, vertisols tend to shrink 
and form cracks when d ry while alfisols tend to form surface crust while drying 
after heay rains. Their infiltration is greately influenced by this behaviour. 
Inspite of the low infiltration rates of vertisols, the water in take rate early 
in the monsoon is high due to the deep cracks and high w at r hol ­
ding capacity ; The cracks continue to exist as such until su ff icient wetting 
occurs and then the infiltration decreases sharply. In con trast. the intlally high 
Infiltration rate of alfisols drops down quickly and of ten is greatly r duced 
during the early rainy season by surface sealing caused by the impact of rl'in 
drops on the bare soil. 

It is becoming evident from results obtained from ICRISAT w atersh ds 
that a change in the land management and cropping systems on these two oils 
can influence their infiltration characteristics and consequently, their runoff 
generating properties. Data were gathered from two vert isol and two alfisol 
watersheds under two different land management treatments (traditional fl at 
cultivation with bunds and broad bed and furrow system) Very little runoff IS 

generated from vertisols and slightly more from alfisols under dry antecedent 
soil conditions. However, relatively greater runoff is produced from vertisols 
than alfisols under saturated conditions, There is little less runoff in the broadb d 
and furrow system in the vertisol watershed; the reverse is true for alfisols w ith 
the traditional flat cultIvation with contou r bunds producing less. The sam 
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trend is shown in the average monthly runoff in Figure 2. It is likewise shown 
that greater runoff is generated in alfisols during the early part of the rainy 
season and in vert isols towards the middle of the monsoon season when the 
soils are already saturated The mean seasonal runoff caused by various levels 
of seasonal rainfall (Figure 3) follows the general trend of the broadbed and 
furrow system reducing runoff in vertisol watersheds. a nd the opposite being 
observed in alfisol watersheds. From the foregoing. it is indicated clearly 
that the broadbed and furrow system provides scope for improving the manage­
ment of runoff in vertisol s. By reducing the runoff by one half. the soil is 
drast ically decreased accordingly to about one sixth. Leads as to why this so 
tor vertisols and the opposite is true for alfisols are being investigated. 

In the broadbed and furrow systems. a separate raised bed cropping 
zone and a traffic zone on the furrow portion are created. The cropping zone 
remains loose and friable in verti sols. The traffic zone where the wheels 
and the bullocks pass becomes compacted in both 100ils. Compaction is nor­
mally associa ted with e decrease in infiltration rate . Rough exploratory mea ­
surements on furrows in alfisols confirm this : the infiltration rate is much 
lower on the furrow portion than the bed portion . This should also hold 
true for vertisols except that it is now observed that more compaction 
induces the formation of wider and deeper cracks on the furrows portio" 
when the soils dry up The resulting larger cracks on the furrows could 
be the reason for runoff occurring much later in the monsoon in vertisols 
under the broad bed and furrow system as compared with the traditional flat 
cultivation. In the case of alfisols. because of their non-expanding kaolinite 
clav. the furrows become more compact with the infiltration rate progressively 
decreasing which. in turn . probably induces more runoff to flow . 

Water Harvesting Work 

High storage efficiency w as aimed at in designing the required sto­
rage tanks for runoff collection . Seepage and evaporation were two major 
water loss components that were considered . Also, considered was the 
possibility that seepage losses could be reduced through judicious selection 
ot suitable sites and soils or through the application of appropriate sealants . 
Some circular designs were tried to reduce the wet surface area in relation 
to the quantity of water stored. Attempts to minimize the evaporation losses 
were made by making the tanks deeper within acceptable excavation to sto­
rage ratio. Table 1 and 2 present the tanks developed in vertiso!. vertic incep­
tisols end alfisol watersheds, respectively, with some of the pertinent descrip­
t ive details. 
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An analysis done on the performance of the different collection t nk.s 
in meeting the demand for supplemental irrigation, particularly during extend­
ed rainless periods for both the rainy and post rai ny seasons, revealed the 
fo llowing : 

1. Deep dug type tanks in vert isols showed that in most years they can 
provide a minimum of 30 mm of supplemental irrigation wat r for th e 
whole donor catchment area fo r post rainy season crops. Their relatively 
low seepage rate of less than 5 mm/ day IS ascribed to be mainly due to 
the low saturated hydraulic conductivity. 

2. The performance of tanks located in vertic incepti sols w as unsatisfactory. 
Th is is due to the high seepage rates of greater than 25 mm day w hich 
is caused by the presence of permeable layers in the tank bed and also to 
low runoff potential of these soils because of their high infiltration rat s. 

3. Where the seepage rate was less than 15mm /day in tanks loca ted in alfisols, 
it was found that collected w ater w as available for one or two supplemental 
irrigatiop during the rainless periods of th e monsoon soason . Howeve r, 
when seepage rates become excessive which can be greater than 55mmj day 

water can be coll ec ted but can not be stored to meet supplemental trllgation 

on needs during the dry spells . 

4 . Lining materials like PVc were found not effect ive in controlling seepag 
because of their tendency to puncture when insta lled. 

life Saving Irrigation 

Harvested water from the watershed that is stored in tanks is treat d as a 
scarce commodity, It is used springly only for " lifo saving" irrigation at the 
most critical stages of crop growth or for ex tend ing the cropping season In 

principle, alfisols which are drought in nature because, they hav less wat r 
holding capacity but produce more runoff early in the monsoon season would 
benefit more from the application of w ater during the dry spells occurring during 
the monsoon. In vertisols which have higher water retention capacity and 
generate runoff more towards the latter part of the monsoon when the sot! is 
already fully recharged or nearly saturated. collected runoff water can be put to 
better use in establishing a sequenti al post- rainy season crop or in irllgating the 
same crop at the most critical stage, such as at flowering . 

Yields of sorghum and maize on alfisols wer e approximately doubled 
when 5cm of irrigation was applied during a 30 day drought in late August and 
early September. 1974. During the fo llowing year post-rainy sorghum in verti-
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sols responded to supplemental irrigation at the grain-filling stage w ith an 
increase in yield from 2,570 to 3,570 kg /ha, In the 1980-81 post -monsoon crop 
of chickpea. also in vertisols, the yield was increased from 817 10 1441 kg /ha 
with one irrigation at flowering stage. 

Table 2 : Tanks on Alfisol watershed with pert inent descriptions 

Tank 

RWI 

Type & shape 

of tank 

Deep dug, 
irregular 

RW2A Deep, dug, 
rectangular 

RW3A Deep tank, 

rectangular 

RW3B Deep tank. 
rectangular 

soils on 
catchment 

Medium deep 
Alfisols 

Meduim deep 
to shallow 
Alfisols 

Medium deep 

to shallow 
Alfisols 

Medium deep 
to shallow 
Alfisols 

Area 
under 
tank 
Ha 

0.26 

0.80 

0.30 

0.39 

94 

Capacity 
Ha-m 

0.29 

1.2 

0.39 

0.51 

Ca tchment 
Area 
Ha 

3.55 Area out ­
side of 
ICRISAT 

8.00 Uncultiva­
ted orea 

7.00 Cul tivated 
area 

18.55 (Total) 

30.37 Areas out · 
side of 
ICAISAT 

4 90 cul t ivated 
area 

35.27 (Total) 

5.05 

3.8 



low Cost Tank Sealing Techniques 

Since the success or failure of water harvesting was found to be related 
with the capacity to keep water in the tank, tank sealing studies were intiated 
to solve the the problem of high seepage rates. Early studies in small pits at 
ICRISAT showed asphalt to be promissing in controlling seepage. Asphalt w as 
applied at the rate of 4 IIm~. The seepage reduction in alfisols varied from 97 
per cent to 47 per cent when compared with the control (seepage rates for control 
varied from 24.7 to 50mmjday). The large variation in seepage reduction is 
indicative of how uncertain the effectiveness of asphalt was . In vertisols there 
was no signi fica nt reduction in seepage rates. 

A seepage reduction of about 70 percent was obtained w ith a treat · 
ment of Na~ CO:1 + straw in vertisols . However. use of straw presented a 
a problem after sometime because. with its decomposition. a porous structure 
of lining resu lted . In another study. silt + Na.,CO:1 and clay + CaCI · + CaCO~ 
(20.5:1) w ere successful in cutting down seepag~ losses by 55 percent. But 
the cracking of lining remained the main problem in vertisol s in addition to the 
necessity of reapplication of salts atter 3 ·5 years . 

Very recently. M aheshwari (1981) tried the use of soil dispersants. soil 
cement lining and improvement of soil gradation as the three basic methods to 
to reduce seepage rates in alfisols and vertisols. He observed that soil cement 
lining was the most effective lining on alfisols. The seepage rate was as low 
as 8.2 I jm ~ /d a y . which meant a reduction in seepage of 97 2 percent. However, 
cracking was found to occur when the tank was emptied and the lin ing exposed 
to the sun increasing the seepage rates when the tank was refilled. The 
performance of different linings including those for vertisols are shown in 
Table 3. No satisfactory lining was obtained for vertisols . 

Research Thrust in the Eighties 

Looking back at our experience in the seventies certainly helps in looking 
ahead at the eighties in formulating our research thrust on runoff management. 
It is very clear that our approach to imoroved land and water management on alfi­
sols needs reassessment . We shall, however. accelerate our efforts to operatio­
nally test the small agricultural watershed concept with the broadbed and 
furrow system on vertisol regions with similar rainfall patterns as Hyderabad. 
On the ICRISAT station. evaluation of the relative usefulness of small tanks in 
meeting the requirements of supplemental irrigation for various situations will 
be continued. With the help of some available rainfall-runoff models. soil 
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moisture models and hydrologic data, the probability of getting given quentltles 
of water during the course of growing season, and tank failure at varying 
levels of seepage losses will be studied . We would like to Join hands with 
collegeous in the national research system in seeking effective tank sealants 
and water lifting devices to meet the feasibility requirements of a complete 
runoff harvesting and recyling system. At the same time, we would like to 
invite all concerned and interested parties to collectively look fOI Innovative 
improvements of runoff management in tradition al tanks to bring these eXIs­
ting resources back to their usual rightful role in increasing and stabilizing 
production in Indian SAT farming . 

Table 3 : Performance of different lining treatments in experimental tanks in 
alfisol and vertisol areas 

Bulk Seepage Seepage reduction 
Lining treatment density rate (when compared with 

of lining 1/m2j day control) "" 
glcc 

Alfisols 

1 . Control (without any 290 
lining) 

2. Red soil + coarse 1.64 145 50 
aggregare (1 : 1 ) 

3. Red soil" (compacted) 1.62 115 60 

4. Red soil + black soil 1.73 27 90 
(1 2) 

5 Soil cement (101 ) 8 97 

Vertisols 

1. Control (without any 130 
lining) 

2. Black soil 1.50 128 2 

(compacted) 

3. Black soil + Na2 c03 1.47 87 33 

4. Black soil +red soil 1.69 82 33 

96 



References 

Kampen, J . 1979. Watershed management and technology transfer in the semi 
Arid Tropics. International Symposium on Development and 
Transfer of Technology for rainfed Agriculture and the SAT 
farmer ICRISAT, Hyderabad, India, pp. 111 -119. 

Maheswari, B. L. 1981 . Evaluation of some low cost tank sealing techniques 
for seepage control. Unpublished M .S. thesis . Asian Institute 
of Technology, Bangkok, Thailand. 

97 



ALTERNATE LAND USE 

SYSTEMS FOR 

DRYLANDS 





ALTERNATE POSSIBILITIES FOR DRYLANDS 

K.A. SHANKARNARAYAN 

The major problems confronting the dry lands may be consider d under 
three broad heads. namely: a) Environmental constraint : such as low and erratic 
precipitation, frequent drought. intense radiation . high wind speed. and resulting 
erosion; poor soil conditions; limitation of water for human, livestock and irriga ­
tion ; sparse vegetative cover, soil salinity and blackish ground water. b) Biotic: 
Pressure of human and animal population on marginal and submarginal lands, 
low plant productivity due to environmental. biotic pressures; damage due to 
insect and rodent pest. c) Socioeconomic : inadequate exposure or adoption 
to modern farming techniques and merits of conservation of natural resources, 
lack of alternate vocation other than cropping and animal husbandry, fragm n­
tation of holdings, nomadism etc. 

To such problem areas, King (1979) has ascribed the term "fragile" ocosy­
stem because their equilibrium appears to be easily upset and b cause they 
become ecologically degraded if certain forms of landu se patricularly sedentary 

agriculture are practised on them. 

It has been estimated that 65 per cent of the land in the world lies in 
"fragile ecosystem" areas. The number of people who depend upon thec;e areas 
for their food or livelihood is 35 per cent of the total population of the developing 
countries (King 1979). 

Traditionally, the population living in these areas have coped with these 
extreme environment by practising forms of landu se that were extensive by being 
mobile and by being part of a social system th at was based on economic intor­
dependence. Today, the rapid increase in population and the introduction of 
inappropriate technologies have resulted in the removal of protective tree and 
shrubs for fuel and shelter and the cultivation of soil that are ill suited to arable 
agriculture. Morever. many of intensive farming pract ices that have been attemp­
ted. although increasing in yield in the short run, have made the soils vulnerable 
to erosion and have indeed led to land degradation. 

Agricultural Instabi lity 

Table 1 illustrates the ill-effect of existing land use in different rainfall 
zones and varying topography conditions, Such a situation logically calls for 
alternate land uses. if we are to avert degradation of the ecosystem to a entropy. 
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In the dryland ecosystem, conservation , as a policy for sustained yield 
should receive the primary of place in any program. Towards this end. five 
main principles involved are: 1 maintaining the integrity of the ecosystem 2. 
collaboration rather than confronation with the ecosystem 3. careful timing of 
use 4. careful distribution of use and 5 matching of uses and resources. Th is 
would imply that comprehensive planning is necessary for maintaining the all 
important integrity of the ecosystem. Traditional land use strategies are often 
but not always, integrated with the ecosystem and their change may endanger 
even quite remote facts of the system . I n th is context the land capability 
assessment is a basic tenet of any conservation pol icy, but such a policy should 
be both dynamic and fl exible . 

Agai nst th is backg round , it follows th at consideration of any form of land 
use should be preceded by an accurate assessmen t of the resources in dryland 
ecosystem, th eir ex tent and di stribution so that these could be harnessed 
efficiently for productive exploi tation towards total human welfare . This calls 
for undertaking multidic iplinary integrated surveys of natural resources such as 
land, climate. soil, w ater, vegetation and land use . The resource data so gene ­
rated are furth er transformed to composite land units defined by land attributes, 
present land management and productivity and the scope for improvement inclu ·· 
ding the pragmatic suggested treatments for realising these goals. 

Thus, the proposed land utilisation map would be the consistent with the 
poli \:y of conservation and would help to maintain the ecological equilibrium. 
Such maps while providing a clear picture of lands where limited cultivation can 
be undertaken also indicates which lanQs need to be considered for diversion 
for other alternate land uses. 

Present Land Us. 

Tabl e 2 gives data on the present land use in arid west Rajasthan for period 
1976- 1981 . It will be observed that highest percentage of land (44%) is under 
single crop. The sandy waste (culturable waste) assumes quite a high percentage 
(24 :5~~ ) next only to cultivated area indicating prevelance of adverse climate 
environmental conditions. Subsistence farming more than anything else among 
local population, has been driving the force in maintaining such a high percent­
age of land use In cultivation although predominantly single cropped The inter 
annual variation in land use studied from 1976 to 19B1 did not show any per­
ceptible change in land use. CiOP yields in such regions are not only miserably 
low but highly uncertain . Notwithstanding this situation, the permanent pasture 
in addition fo rocky and sandy waste etc. which can also be considered as 
grazing ground constitute about 42 per cent. The area i. sizeable. In view 
of ,this situation even Nature seem to have distributed the best breed of 
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cattle (Tharpakar and Rathi) and sheep (Nail and Marwari) so that animal 
husbandry may be the most appropriate enterprise in this region . Therefor. 
lands. which cannot sustain cultivation must be adequately safegu ard d by 
prescribing appropraite land use and needed practices . 

Table 2 : Present land use in arid Rajasthan (1976-77 to 1980-8' ) 

Land use 
Area n~ of 
(ha) tot al 

Forest 285683 1.7 
Settlement and water features 685659 33 
Rocky waste and stony waste 987579 4.7 
Sandy waste (culturable waste) 5129338 24.6 
Permanent pastu re 846894 4.0 
Orchards and plantations 28270 0.1 
Cultivated lands 

Single cropped 9072278 43.7 
Double cropped 805449 3.8 
Long fallow 1542910 7.4 
Short fallow 1393150 6.7 

20777210 100.0 

Three Alternate land Uses in DryJand Ecosystem 

Consistent with the policy of conservation and desirability of preserving 
the integri ty of the eco. ystem. agro-forestry. pastoralism and tourIsm including 
wild life represent three alternate land uses depending upon land capabili ty . 

Agro- forestry: The concpet of agro-fore.try in f ra\}ile ecosystems envi. ­
ages a sustainable land mangement system which increases the overall yield of 
the land. combines the production of crops and torest plants or animals simulta 
neously Or ssquentially on thc same unit of land and applies the management 
practices that are compatible with the cultural practices of the local population 
(King 1968; 1979). 

A study conducted on cultivation of greengram and clusterbean inter-row 
space of Helopleli8 inle!l,J!oI18 tree (lopped and unlopped) at CAZRI . Jodhpur 
during 1977 revealed that maximum grain yield was obtained in greel'lgram (252 
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Kg/ha) followed by cluslerbean (244 Kg j ha) in lopped polt compared w ith control. 
Unlopped gave the lowest yield. Again in a drought year such as 1981. cluster­
bean when intercropped between rows of Eur:aIYP(/Js species has yielded 101 
Kg/ha compared with 125 Kg/na in control. Further, preliminary trails of inter­
cropping Guayule (Par/hen ium argen/a(/Jm), an economic plant of industrial value, in 
between rows of Eucalyp/us species have shown great promise for arid regions. 

In a dryland ecosystem, agriculture alone would not be a stable system 
and has necessarily to seek the crop of forestry into the farming system in order 
to impart stability and generate assured income to the farmer. Agroforestry, 
however. seem to have the potential to compel a multiple land use managment 
which eschew the false dichotomy between agriculture and forestry and at the 
same time conserve the ecosystem in order to provide both wood and food. fibre 
and fruit in an otherwise delicate ecosystem . 

But more organised and systematic research is required to further improve 
and refine the system. The shade tolerance of various agricultural species 
require to be tested . Forest species which project the soil but do not reduce the 
enelgy levels on the under storey must be identified. Optimum spacing, thining 
regimes to enhance yield of both tree and agricultural crops require to be 
evolved . Little is known of the alleolopathy and complementary aspects of 
species. above all. research is needed on breeding programmes designed to 
obtain in both forest tree species and crops those characteristics and attributes 
that the necessary for successful and efficient intercropping . 

Pastoral Land Use : As shown by land use data in arid Rajashtan, altho­
ugh only 41 per cent of the area is under permanent pasture, more than 41 per 
cent of the area inculding the vast sandy and rocky waste is used as grazing grou­
nd ie. a form of pastoral use. Besides the above. pasture devolpment has consi­
derable scope in the dominantly single cropped agriculture tract also. A number of 
studies by the CAZRI in this tract have shown that in a number of situations, 
lands of very low use capability, namely, dune flanks, piedmont slopes, shallow 
soils and so on are being ploughed. From consideration of resource conserva­
tion, such lands ought to be brought under a permanent cover. It is incredible 
but true that about 30 per cent of arid Rajasthan is affected dunes. Fortunately 
the arid region is richly endowed with highly adapted grasses, shrubs and trees 
which are capable of surviving through extened drought and yet are etficient 
producers of useful nutritious biomass during favourable interludes. Cenchrus, 
l aslu fus and Panicum among grasses, lllyphus among shrubs and Prosopis and Acacia 
among trees are some of the most notable indigenous wealth. 

Crop production alone in dryland system has given a negative economic 
return after pricing family labour. On the other hand. the benefit-cost ratios 
and net profit worked out at CAlRI for promissing strains of C. ci fieris, C. S8l1gerus. 
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L. Slndlcl/s. and snlldalsls for the years 1971 -74 appear encouraging . Tebl 3 
shows that B-C ratio was greater than one and the highest (3.27 and 3.47) was 
for strains of C. sell {lerl/s. because of its inherent ability to w ithstand moisture 
stress as evidenced by highest green fodder of 160 q/ha during drought year 
of 1973-74. It has. therefore. been concluded that even w ithout considering 
intangible benefits. the economics of growing grasses is attractive nough to 
commercial farmers. and to policy makers for the desirabil ity of promoting grass­
land farming in dryland areas. 

The value of pasture enterprise for arid region is self evident when on 
co rtsiders the comparative performance of crops versus pasture in a year like 
1981 which represents the third consecutive drought year Whereas 'he p ar 1-
millet crop. the staple cereal of this region . totally fail ed 1981 . the p sture 
grasses have given a dry forage yield ranging from 1.5 to 3 tons per ha. 

What is needed is systematic screening to exploi t ths full genetic 
potential of the native grasses for malising increased animal production . 
Screening trials at CAZR I during 1981 have shown that out of ten strains evalu ­
ated, Billoela strain of C. CIIIS(lS yielded the highest dry matter (26.6 q/ha), 
followed by strain No 75 (22 .5 q Iha) even in a drought year . 

In C. Se(lge rl/s, the strain 76 has shown highest dry m ner yield (18.9q /ha) 
surpassing the check 175, while in lss/(I/s slfldlCIIS, th e King of desert gras s, 
cultivar No 553 gave highest dry matter yield of 23.4 qj ha compared with 18.9 
q/ha from the check 319 which was hithetro the standard recommended strain . 
Appl ication of nitrogen to this grass gave a linea r response and the dry matter 
yields increased as the level of nitrogen was raised from 0 to 45 kg /ha. For 
seed yielding characteristics. strain 358 (C. cIIls"s) and strain 569 (C selJgerl/s) 
were the best. 

The Ifl vil ra dry matter, digestibility (IVOMO) , crude protein (CP) and 
digestible crude protein (OCP) of various indigenou s grass and legumes show 
that all the three quality attributes have high valu es In preflowering stages but 
decline gradually through ripe and dead ripe stage . Surprisingly, Indl(lote" cordi 
fal18 shows highest IVOMO, CP and OCP even in the dead ripe stage . 88rc""", 
r8mass and AI/slide species. though showing comparatively high IVOMO al dead 
ripe stage. showed lower CP and OCP compared with perennial grass L8S/f/J1 
slfld,c/Js and [Ieusifle campress8 at correspond ing stages. These dala on quality 
attribute vis-a-vis stage ot growth can easily be explo ited for planning grazing 
schedule to derive maximum benefit tor the livestock production . 

The improved strains at grasses ident ified and developed thus repre ent 
non-cash imputs for increasing forage productivity in arid lands for bridging the 
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gap in demand and supply position. To make grass farming st ili more lucrel iv . 
intensive research is required for increasing the genetic potentIal of the grass s 
multidisciplinary efforts for such ettributes as quality . digest ibili ty. high dry 
matter yield. vigour and regeneration ability which are incorporated in the geno ­
types. Despite two decades of research 8 sui table legume component has 
not been identified for natural pastures for which res!';arch afforts are urgently 
necessary in the eighties . Studies on forage preservation like hay making and 
storage in good to very good rainfall years for use in drought periods needs 
cri tical examination in relation to livestock needs and thus prevent migration 
of live stock . 

Tourism: Tourism as a means of exploiting and developing the potential 
of arid and semi-arid areas needs careful consideration . Such developments 
are embryonic in most desert areas. The wildlife flora and fauna of the arid 
region is a unIque resource They are worthy of receiving attention of wildfife 
conservationist. so that more and more desert national parks are developed 
which will attract the tourism industry. This will also directly help in preser­
ving the endangered fauna and flora in the arid regions where it is cri t ical. Sen 
and Shankslnarayan (1977) have already drawn attention to the prospects 
to develop tourism and its associated industries in the coastal desert of India . 

The following aspects of desert have tourism potent ia ls: 

I. Wildlife 

II. The uniaue environment of desert offpr scope for detailed exam; ­
nation of certain aspects eg o wild food . 

iii. Health spas (tourist going to dry region for health reasons) 

However, before embarking on this programme. it is essen tial to halle a 
careful evaluation of the impact on residents of dry ecosystem and the rel81ive 
benefit for them (eg . employment, investment opportunity . etc) in order to 
ensure that there is a substantial benefit to the local people . Tourism develop­
ment calls for a good infrastructure inculding network of roads. transpo,t. food 
services. health services and water supply. 

Conclusion 

The foregoing is not to deny crop farming its due place in dry ecosystem . 
All that is needed is to restrict its role in dry ecosystem to such areas strictly on 
the tenets of land capability leaving the remaining areas to the three alterna te 
land uses: agro-forestry, pastoralism and tourism. The drylllnd areas are 
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potentially productive in their own rights in terms of equity and utility. All that 
is required is the integration of economics so that the devolpment of the dry 
ecosystem should be an integrated operation with other ecological zones, not a 
mere rip off of minerals, people and animals. The aim should be to rediscover, 
at higher and more equitable levels of productivity, the old complements between 
dry regions and neighbouring ecological zones. 
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ALTERNATE SYSTEMS FOR DRYLANDS 

C.J. ITNAL and R. HAMPAIAH 

As a consequence of population explosion, mote and mOTA land has been 
brought under cultivation by indiscriminate felling of natural forests to m et the 
basic needs of mankind, food, fuel and fodder. Often times farmer can hardly 
get back his seed from the field he cultivates. This indiscriminate use has led 
to severe soil erosion problems, silting up of reservoirs and co nsequent OCcurr ­
ence of flash floods So, the importance of utilizing land based on land use capa­
bility is evident. 

In Indian agricultural production systems both fuel and fodder are becom­
ing increasingly deficit. It is estimated that 100 million m:r of fu I wood w ill 
be in deficit by 1990. As an alternative to fuel wood. unfortunately valuable 
cowdung . which otherwise can be utilised as manure, is being diverted as fuel 
to an extent of 60-80 million tons of dried dung. In the case of animal feed, it 
is estimated to be two-thirds in deficit to feed 340 million livestock. The 
problem is more aggravated in drylands during Summer and in tradi tionally 
drought and flood prone areas. 

According to the National Comission on Agriculture Report 1976, only 23 
per cent of the area in I ndia is under forests as against 33.3 per cent as suggested 
in our Forest Policy Resolution to maintain the ecological balance and to combat 
the ever increasing problem of environmental pollution . The effect of enormous 
demands on already denuded and depletdd or exhausted natural resourc s, 
especially in arid regions would mean further degradations unless their produc­
tive capacity were to be maintained through improved management and conser­
vation measures. In order to achieve greater efficiency in ut ilrsing the resour­
ces in drylands, to combat 'energy crisis' and deficiency of animal feed. alternate 
land use systems for drylands are to be looked fo r. Major approaches in thi. 
direction are: 

1. Putting the land (class iv and above) under sui table grasses, legumes 
and fodder crops and integrating w ith anIma l productivi ty systems 
(pasture and animal productivity systems). 

2. Using the same land or a portion of it simultaneously or sequentially 
for food. fodder and fuel , paying due attention to interactton among 
various uses. This approach aims at obtaining sustained increa 
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in production and securing both immediate benefits and long term 
environmental harmony (agro- forestry systems) . 

Pasture-Animal Productivity system 

These systems envisage putting the marginal lands under suitable legumes 
and grasses and integrate with animals like sheep. goat and milch cattle. for 
production of milk and mutton . These will give scope for efficient plant animal ­
human food chain systems unlike the plant -human food chain systems. 

Studies on identification of suitable legumes and grasses for dry lands 
were carried out at many locations. Different legume species from genera 
Oollcllos. MeCfoplillUm. Leuceene. C/irof18 Oesmod:um. Centroseme. G/yc.tne. Ce/epogium. 

Vlgne. TephroSl8 . Aryslc8fpus. Indigo/era. CrOle/ef/e. Cassia. and Sly/osanrlles have been 
evaluated w ith or without grasses for their potent ia l yields . In all locations. the 
only ideal legume which was found to be excellent in high yield persistency. 
nutritive value and palatability was Srylosenilles species. particularly S. lIemelO and 
S. scebre. 

Different grasses from genera Oichonrllium. Cenchrus. Leslurus. Chloris. Uroch/oo. 
Pan icum . Penn lser um. Sefl/ma. Chrysopogon. Pespalum, 0Igll8f18. Hele ropogon. have been 
evaluated . Of these Olchenrllium. Uroch/oa. LOSlUrus. l'encllrus CIIIOf/S and SoMma 
nervosulTI gave higher yields in all agroecological situations . 

Besides providing continuous supply of nutritious fodder in dlylands. 
pasture legumes help in restoration of soil fertility by adding nitrogen and 
organic matter. They provide congenial soil environment for microbial activity 
and help improving general soil health. Pasture legumes and grasses reduce 
runoff and soil loss. The investigations carr ied out at Hyderabad revealed that 
the runoff and soil losses from bare -fallow plot were the highest while these 
losses were minimum in case of grass plot having a good stand of Conchrus cilioris. 

Agro-forestry Systems 

Agro- forestry is one of the several types of integrated systems for com­
bined use of natural resources of arid and semi -arid regions and capable ot 
giving higher productivity on sustained basis. Agro-forestry is to be termed as 
an umbrella term which embraces (i) Agro -silviculture system (ii) Silvi-pastoral 
systems (iii) Agro-si lvi pastoral systems (iv) mUltipurpose forest tree productive 
system. Agro-forestry systems, although aim at judicious land use for maximum 
productivity. give long term benefits such as improved soil fertility, soil and 
water conservation. providing protection to crops, dwelling and infrastructures, 
creating greater employment opportunity, rehabilitation of environment, protec­
tion of endanger6d wild life species and appreciation of natural resources. 
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For these systems to be more product ive . the criteria are : 

a. Tree-crop grass/legume compatibility 

b. Tree density-crop /forag yield relationships 

c Tree canopy characteristics and lopping practices 

d . Economics and other benefitsrom agro-forestry systems 

Tree- crop/grass/ legume compatibility : Selection of suitable tree species 
and compatible crop/legume/grass species based on growth criteriA, palatability 
of fodder, soil type and rainfall characteristics is th e first step in the managemel 
of agro- forestry systems. Criteria for selection of these species for agro- forestry 
systl3ms are: 

multi -purpose which can give loppable fodder. fuel and timber 

adapt well ina wide range of environment. establish easily and require less 
care 

rapid growth. ability to coppice . vertical crown canopy and preferably 
nitrogen fixing ability 

plants for problem environments such as arid zones. saline and alkAli soils, 
steep hill slopes. ravines etc. 

Work done at Hyderabad on the effect of association of field crops and 
multi-purpose leguminous tree Leucaena leucocephale revealed that the yi Ids 0: 
crops like pearl millet. caSlor and sorghum. increased in association with [eucllone 
al compared to the yields of same crops grown pure. Similar complementary 
effects of the tree species on associated field crops were also leported by Mishra 

and Prasad (1980). 

Experiments conducted at Hyderabad revealed that out of 44 Eucalyptus 
varieties tried. E. cemendulenSIS proved more suitable and out of 12 ACIIC/H species 
evaluated, A. eUficu/dofmis and A. nJ/o/ice were found to be promising . Studies 
initiated at Bellary in the black soils under rainfed conditions to assess the 
Potential of growing grasses with A. nl lo/ ic8 revealed that C. cI I18flS recorded the 
highest average yield followed by Dichanthulm annuI8tum and Chlof/s bourn II . 

Experiments lit Bijapur in deep black soils With LeucH8ne. Sesbenle and 
grass Pennisetum messlum planted at 4, 8 and 12 m apart and growing winter 
sorghum between the strips showed that moisture content nesl the strip was 
higher but the winter sorghum rows nearer the strips got affected due to the 
rOOts of the tree and grass species. It is therefore. considered that a small 

110 



trench may have to be provided to reduce the root effect on winter sorghum. 
Crops like safflower, chickpea and other pulse crops can also be grown in asso­
ciation with loucaena and Sesbania grandiflora . An understanding of the yield 
relationship between tree density and crop/forage is esential. The regulation 
of tree/shrub canopy either by spacing or coppicing affects the growth and 
production of crops/grasses. To make the agro· forestry systems more productive, 
it is necessary to manage the canopy of the components . Studies on the effect 
of canopy cover of different tree species on the airdry forage yields of ground 
flora revealed that there was a progressive reduction in total forage yield with 
increase in canopy cover. At Hyderabad, it was found more economical to 
grow Eucalyptus at a spacing of 2 x 2 m and grass below. 

Tree canopy brings about considerable change in microclimate in respect 
of relative humidity and temperature Ecological and soil chemical and physical 
characteristics undergo changes (Aggarwal et a/ 1976). Singh and Lal (1969) 
reported comparatively higher status of organic matter, total nitrogen, available 
phosphorus and soluble calcium and better soil physical conditions upto 120 cm 
depth under Prosopls clnerwa. 

Agri- horticultural systems are similar to agroforestry. The trees also 
yield fruits in addition to fuel wood . ZilYphus species. PSldium guava. Manglfera­
Indica. Tamaflndus Indica . Emblica officinalis etc can be integrated with crops/ 
legumes and grasses. 

Future lines of Research 

The following are future approaches which need attention for proper 
resource utilisation : 

, . Identification of suitable trees/shrubs and crop and their combinations for 
the formulation of efficient agro-forestry system. 

2. Rational proportion of tree cover to crop r.over in various agro-climatic 
regions. 

3. Exploring the possibilities of tree canopy manipulation through balanced 
goat grazing. 

4 . Introduction and evaluation of indigenous and exotic tree, shrub and grass 
species for agro-forestry system. 

5. Evaluation of agro-forestry systems not only in terms of dry matter produc­
tion but .Iso in terms of solar energy capture efficiency. 

6 . Integration of these systems for an efficient plant-animal-human food chain. 
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EFFICIENT USE OF ENVIRONMENT 

V. V. DHRUVA NARAYANA 

Mlln ', inllolll ment in the use of enll ironment, often resembles that of an 
oller -successfu l parasite which In killing its host, also re aches its own point of 
no return . Th quality of our enlllronmen t is determin d by the intricate manner 
in which we utilise our wat r, food , land and ai r resources. The changes pro­
duc d In the quality and quanti ty of these four essential elements directly affect 
our hoalth, comfort , a thetlc senses and efficiency 

In our anxie ty to follow the way of the Increasingly consumer oriented 
cillili tlon, w ar destrOYing our nlllronment ellen though we halle Immense 
knowl dg about th fate of th p'elllOus cillillsa tlons in our documented history . 
We r , th refor s elOg today that ou r demands on our enllironment are 
ro ching th ir peak wh n our lupply IS nearing itl ex tinction . In people's 
mind . yest rday' luxury IS bocomlng today's necessity. This is a frightening 
proposition. Th pr IIIOUS clllilisations halle left a legacy of outstanding 
Int Ilectual and cultural xc.llenc and yet starlled the majority of our people 
b c use th y could not IU taln their agriculture lealling eroded and barren lands 
al permanent monum nt that contrast With their art and poetry . 

R c nt adll nc 10 space xplorallon hlllle confirmed that we will halle 
to rely only on moth r 8,Hth for our Incr aSlng requirements of food and water 
Productille capaci ty of land and w ater must, therefore, be improlled. Selleral 
rill rs of arroW mu t b conll rt d IOto steams of wealth The genetic resources 
of plants and OIm Is must be cons riled and ut i lised In a co-operatille manner. 
The m rch of d str uctl n of th bIOlogical potent ial of land ca n be arrested in 
many c e through I glonlll nd interna t ional co-operat ion Arrangements for 
global and r glon I w 8th I w atch must be made to minimise the damage to 
crops by wh ther f luctuallons, p 5t and pathog ns These are the steps which 
w must tak to ff lciently ut ilis OUI enllilonment. 

Actual implementa tion of these 5t ps will lequile greater risk taking with 
our natur , cul t ill ling and halll st ing II ry pi ce of land that is available inclu­
dlno planting th t eper hili slop sal t r denudtng them, Extra food can also 
b produced through nhanc d utili alton of f rtilis rs and elective weed kjllers 
and so on . All th 5 ctions may have potentially dangerous prospects because 
th. are bound to interter with nature Ind i t is also known that natur will 
rulat nd r t liate againlt any undu buse of the n tural laws. Of all the 
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resources we are taking in these efforts. the fertile soil is the most precIOus 
resource. It takes thousands of years to create or to reg nerate Ow lost 
soil. 

All the countries of the world. therefore . met at a recent FAO conf renc 
in Rome and have decided to declare a World Soil Charter to highlight Ih 

problems of land degradation and to sensitize the decision makers and land 
users to the imperative need to maintain and improve the production base for 
dgriculture. rangeland and forestry for the generations to come It was decld d 
to take better care of the land resOurces and highlight the need for maintaining 
and improving its productivity for the survival of the mankind . The prlnclpl S 

contained in the charter and the related actions were excellent guid lines lor 
promoting the effective management . conservation and reclamation of lands and 
for combating desertification. 

When we are determined to i'l'lplement these principles. we ar acc ptlnQ 
an immense challenge of creating decent living conditions in our rural areas. 
bridging the large gulf between haphazardly growing and congested urbAn ar as 
and ravaged rural environments. and bringing social justice and equity to the 
poor at present living under pitiable conditions. This symbolls s the measure 
of our resolve to efficiently utilise our environment. 

Land Use 

The total land use picture of our country is presented below . 

Urban and other non -agricul tural uses 

Barren and uncultivated lands 

Culturable wastes 

Fallowed conditions 

Forests and permanent pastures 

Agricultural lands 

18 M ha 

21 M ha 

17 M he 

23 M he 

83 M ha 

143 M ha 

Although 40 M ha (culturable wastes and fallow lands) are capable of 
production by definition. they are lying unproductive. because of the degradation 
they may have suffered over the years It IS also known that only about 35 !VI he 
out of the 83 M ha described as forests and permanent pastures. ar havlOg 
some good tree and grass cover and the remainmg area of 48 M ha IS. moro or 
less. completely denuded. In other words. nearly 88 M ha. constltutmg 
approxima!ely one third of the total relevant area ts completely unproductive . 

Further nearly three-fifths of our agricultural lands are degraded to a 
greater or lesser degree and prodUCing practically nothing. The National com ­
miSSion on floods has also brought out a fact that around 40 M ha of valuable 
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agricultural lands are now devastated by floods as against 25 M ha above 30 
years ago . Waterlogging and salinity is a serious hazard in many of the newly 
created irrigation command areas. 

Soil Erolion 

It has been estimated that out of our total land area of 320 M ha about 
175 M he are in need of soil conservation measures. Since 1951, we have 
b n able to adopt soil conservation measures only in 25 M ha. It has also been 

timatod that about 6000 M tons of soils are displaced through erosion every 
year from about 80 M ha of the culti vated lands. Along with this, nearly 
8.4 M toni of valuable nutrients are also being washed away every year from 
our agricultural lands. ThiS shows Ihat our record in the field of adopting soil 
and wat r conservatron practices. which are essential means of Improving our 

nvironment. has rllth r b en slow This is apparent now only from the visual 
evld nce of the d cline in th Quality of our environment in the form of aenuded 
hrll Id I. ravines. wal rlogged and saline lands. droughtstricken villages and 
drying wells encount red in almo t every part ot the country. but also from the 
d sperat hortages we are facing in respect of food. fibre. fuel . timber. animal 
products and IOd d very thing we can obtain from Our lands. 

Th molt 8 rious 011 rosion problem in our country is in the form of 
ho t erOllon (Fig. 1). which is one of the serious constraints in agricultural 

production programmes 10 r d oils. covering an area of 72 M ha. The depth of 
thea oris IS in many part. around 20 cm The lateritic soils. which are asso­
Clst d with roll ing or undulating topography. also uffer from this form of erosion 
b cau th yare locat d In the regions of relatively higher rainfall. Due to high 
Int n Ity rain storms, th se oils ar estimdted to loose annuslly about 40 t/ha 
of valuable top soil, particularly In the absence ot any soil conservation measures. 
The black soils occupying nearly 64 M ha are usually utilised for crop production 
under rarnfed conditions Surprisingly . these lands are normally cultivated and 
kept f 1I0w during the ,"len e rainy ea on, thus making them prone to serious 
hazards of w et r ero ion . 

The mo t spectacular rosion is ob IV d In the form of badly eroded 
gulli d land. (ravines) along the b nks of Yamuna, Chambal, Mahi and other 
w st-flowing rjv rs in Gujarat (Fig.2,. Nearly 4 M ha of such lands are engul­
f d by shallow, m dlum and d ep gullie (Telwani and Narayana 1961). The 
Himalav n r glon are in highly d teriorat d conditions, through intensive 
d for station. targ -settle ro d construction, mining and cultivation on steep 
slop s. About 3 M ha r und r rlou. oil ero ion in the North-Eastern 
Him laya". Du to th practice and hazard, out major river basins experience 
r cuning floods of high m gnltude with very hIgh ediment load . 
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Fig . 1 Sheet Erosion in Black Soils 

Fig . 2 Ravine .re .. 



Fig . 3 Contour farming 

FI~ . 4 Bunding tor moistur conservation and ero. ion cQntrol 



Soi l and Water Conservat ion Research 

Soil and water conservation measures are the necessary steps to utili 
our environment very efficiently. Soil and Water Conservation work has b on 
taken up in our country since 1951 . Upto the end of the Fifth Five Yo r Plan. 
our country has invested nearly 5000 millions of rupees to treat about 22 M he 
of the land with soil and water conservation measures In the earliest phRses. 
these programmes were mainly confined to the Improvement of the lands and 
principal activity was execution of contour bundll1g programmps. Howev r. 
during the last two Plans. the concepts of integrated land use programme on 
watershed basis were introduced. This was mainly the result of the establishment 
of a chain of Soil Conservation Research Demonstration af'd Training C ntres 
during the first and the early second Five Year Plan for conducting research on 
various aspects of soil and water conservation in the differf'nt probl m r gions. 
We have now many organisations like All India Co-ordinated Dryl and Res arch 
Project. the International Crops Research I nstitute for Semi -a rid Tropics. the ICAR 
Complex for the North- Eastern Region. the National Bureau of Soil Survey and 
land Use Planni"g. the Central Arid Zone Research InSTitute and the last but not 
the least. the Central Soil Salinity Research Instit ute. which are trying to provide 
solutions to the problems of our land resources There are equal number of 
organisations which are concerned with devising ways and means of effici ntly 
utilising our environment These Centres. during the last 25 y ars. have id nti­
fied the soil and water conservation problems of the country and produc d some 
viable methodologies for field application. 

Soil and Wa ter Conservation Technology 

Rational utilisation of our soil and water resources essentially means 
proper land utilisation. protecting the land from deterioration. building and main­
taining soil fertility. conserving water for farm use. proviSIon of proper drainage 
facilities. flood protection and erosion control. 

The soil and water conservation practices for agricultural lands include 

,. Contour farming (Fig. 3). broad beds and furrow systems on lands having 
slopes upto 3 per cent. 

2 . Mechanical measures such as bunding (Fig. 4) graded bunding and con tour 
ditching in areas with slopes between three and six per cent: bench terracing 
on lands and hill slopes 1anging between 6 10 33 pe1 cent. 

3 . Runoff harvesting in cropped land and in storage ponds and recycling th m 
to crops when needed. 
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These measures have shown to reduce runoff and soil losses considerably 
and correspondingly InClease the crop yields by conserving soil moisture and 
nutrients. Contour bundlng can be adopted generally in almost all the soils 
except perhaps in deep black sods. Graded bunds and contour ditches are 
found to be more effective in deep black soil regions of Karnataka. Bench 
terraces are recommended for rel atively steep lands (6-33 per cent slopes) . 

The non -agTicultural lands (land capabilI ty classes V. VI. VII and VIII) 
have limitations of slope erosion. stofl iness. shallow soils. wetness. flooding etc. 
The research work done at our Institute and Regional Centres have shown that 
th se lands can be put to productive use as pastures and forest lands by adopting 
tho following steps: 

1. Closur of thp area to grazing and biotic interference : Poor annual grass 
I pecies ar replaced by valuable perennial grasses. These ecological 
change:> brlOQ 10 a cham of favourable responses in reducing runoff and soil 
lossos. and Increasi ng grass Yi elds 

2. Fuel fod der plantations By adOPting modern agrofores try techniques. it is 
po ibl to lalS JOintly fodder and fuel species 01 economic values. 

R(lvlOe ar aa have small . medium and deep gullies (Tejwani and Narayana 
1961) . Tho small and shallow gullies can be reclaimed to agTlculture by clear ­
mg. minor I veiling and putting up a selles of bunds with appropria te dra ina\,}e 

capos The m dlum gull s can be reclaimed by constructi ng check dams 
810no the gully b ds and terracmg the Sides The deep gullies are utilised lor 
rOI inrl lu I and fodder plantations 

Soll-offected sods comprrse alkali sods. coastal saline soils and inland 
saline sorls Alkali SOils are r claimed by application of gypsum. adoption of 
thr 8- tlor syst m of dr Inao ond good agronomic practices With rice and wheat 
rOlalion The sorfs cun also b put to luel fodder plantations with proper rain 
wat r management. adoption of suitable species and planting techniques. 

Soil Conservation Extension 

Wal Ish d managem nt has an Important role in thiS endeavour It can 
b d fmed as th control of w at I trans I r from the upper catChment to the 
lower portion of a baSin Of w atershed Naturally. various management practi­
c S In the upp r catchm nt of a rlVtH basm w lil have a control on the flood 
magnltud s. the edlmenl load It C flies and Its dry season flow Thus. the prac­
tices In th upp r catchm nt. Will hav 1l0US consequences for the manage­
m nt ot th robl land - to th low f fe ches 01 the rivel baSin. MosI of OUf 

I e rn the high lands where ram fall IS generallv In excess They run 
I glon5 wh r th I inlailis less than the potenttal evopo-transpllation 
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for most of the year and this limits the agricultural productivity In these regions 
for lack of water in the entire growing season . Agricultural productillity of the 
tower areas can, therefore, be raised by using some of the surplus water from the 
upper areas. 

The solution lies in the development of new or Improved methods of land 
uses that are profitable to the local community as w ell as give a better con trol 

of the flow regime in the watershed In principle, it may not be difficult to get 

some of these practices adopted by the people If they are able to produc such 
commodities or products which have greater demand and CAn be exported f,om 

the region What is required in such a case is an effici .. nt technical man · power 
and necessary administrative policies. However, if the local population IS livmg 
at a subsistence or semi · subsistence level. it will be difficult to implement n w 
and more conservative systems involving increased inputs of labour and financ 
because they may not be sufficiently profitable in the Immediate future 

Such methods, can, therefore be adopted if only the institutional fmancos 
can be brought into the area in the forms of subsidies and gran ts m kmd . In 
genaral, the farme rs in the uDper reaches of a wiltershed do not accopt the 
rf'sponsitility for any damage their system of lar,d use may causo tf') tho fermers 
in the tower reaches. Also the tower reach farmers have rarely considerod 
that they have a duty to help fmance the upper reach farm ers to adopt bptler 
sys tems of land use for thei r benefit . An exception to thiS general approach 
has been the work done by the Chandigarh C ntre of Central Sod and Wilter 
Conservation Research and Training Institute at Sukhomajri end Nada (Haryana 
State) where organisational infrastructure has been developed so that tho ben -
fits as well as the expend iture of an improved soi l and wat er conservation 
programme have been shared on an equitable basis both by the upper and low r 
catchment farmers in a micro watershed . There is, therefore , a need for more 
of such demonstrations in all parts of our country. 

Conclusion 

It is generally accepted that in order 10 deal with pnvlfomental problems, 
approprrale edur-a tion of the SCientists. field workers and the masses IS ess ntlal 
and indispensable. Soil and water conservation education must, hOW6V r, bo 
practical in nature and demonstrate, at operational level , how sod cons rvation 
could sustain the community, generate the employment and create health. 
wealth and welfare for the people It will have to be such that It lays emphasis 
on adopting the natural parameters to improve our environment What we must 
do is to study these natural laws intently hoping to emulate the abdlty of nature 
to sustain and .mprove a natural prf')Cess. Pati nee IS requir d and one 
must thtnk of the long - term effeC1s of what ver we do. So, apart from the 
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scientific asoects, there is a need for incorporating judiciously the elements of 
institution,sensitivity and experience for arriving at a degree of compromise with 
our environment and nature in our action programmes. 

The sources of energy which w e usually talk about are the Sun, the sea . 
the bullock., the woods, the w ind, the water that flows and the manure that 
gives us life . The other sou rce of energy, perhaps the most important one, 
renewable and precious, the one that grows with a little warmth, that multiplies 
Just by joining forces and that does wonders with motivation is the energy and 
and d votion of the people. the human resources, ours and that of all those with 
whom w e work (Dudal, 1981) . 

R f.r.ne.1 
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EFFICIENT USE OF POWER 

IN DRY LANDS 





POWER REQUIREMENTS IN DRYLANDS 

D. S. RAJPUT 

Power is defined as rate of doing work . It is an essential requirement for 
doing any farm job. It makes the application of farm inputs possible en a d sHed 
manner with the help of farm tools. Implements and machinery. The xp II nce 
of both developed and developing countries has been that there is a d flnlt and 
positive relation between farm power availability and farm productivity . A study 
on the relationship between the yield and power per ha lead to the conclusion 
that more power is required to get higher levels of agricultural product ion in th 
USA (Table 1) . But in Ind ia the available power w ith the farmers of drylands 
is low. Also the requirement of food is increasing due to increasing population . 
In order to produce more from th e drylands with limited power evallabl . it 
becomes very important to make the efficien t use of power so as to increes the 

productivity of these lands. 

Table 1 : Relationship between crop yields and pow r (Sci nce Advisory 
Committee 1967) 

Power Yield Yield to 
(hp) (t tho) hp ratio 

0.13 0.8 6.2 

0.16 1.0 63 

0.26 1 .5 63 

0.37 2.0 64 

0 .53 2.5 4.7 

0 .87 3.0 34 

1.37 4.0 2.9 

1.74 5 .0 2.9 

205 6.0 2.9 

In dryland agriculture, tillage. eedlng, fertill.ing. ;ntercullure and plant 
protection ar the five major farm operations which requue good attention of the 
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farmers to perform them timely , Any delay in the operations due to limited 
power, non -availability of suitable implements or aberrant weather conditions 

causes reduction In crop yields Rain is the only source of water in drylands; 
progress of the farm o;>eratlOllS is largely dependent on the rainfall. Rainfall 
b Ing very erra tic In nature and unpredictable, the amount of time available for 

carrYing out the farm operations IS uncertain and limited 

In this paper , an attempt has been made to briefly review the stalUs of 
farm power available lor dryland agriculture and also cover some important 
aspects related to offlcient use of power in drylands. As 86 5 per cent land 
holdings in India Brc lesl than 5 ha (ISAE 1978) and farmers of this category 
have mainly bullock pow r, diSCUSSion in this paper are limited to cover human 
and animal pow r only Area operated by these holdings is 48 .2 per cent of the 

tot al cultivatod area. 

StatuI of Farm Powtr in Drylands 

In Indlon A'lflculture, human. animal, mechanical (tractors, power tillers, 
and dl sal nglnes) and electll ca l ( Icctric motors) are the major sources of farm 
pow r Due to s'veral roasons, use of mechanical and electrical power is 
mostly confined to Irrl~atcd land., and farmers with large holdings, In some 
IIreas th Ir usc IS Increasing In drylands also. 

Av rag farm powor In tho country from all sources was 0 ,35 hp/ha in 
1971 (Tabl 2) . In drylands, most of the farmers use human and bullock power 
and th llV rage power available fOl thos lands is nearly 022 hp/ ha This is 
v ry low c;)nsldorlng th heavy demand of power In shor t periods to complete 
c" tlcal form op rations In the limited tim available due to their dependence on 
rarnl II. 

T ble 2 Form power availabili ty on Indian Forms In 1971 (Ministry of Agri­
cultur and Imgatlon , 1976) 

- ---
Number 

Source of pow r available hp he Percentage 
(million) contribution 

--- -
Human labour 8740 0 ,04 11 .6 

Draft nimals 63.30 018 50.8 

Irrrgation pumps 2.41 0.11 31 6 

Tr ctor and power tillers 0.07 0.01 38 

Other m chin ry 034 0.01 22 
TOlal 0 .35 100.0 
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It may be seen in Table 1 that the rate of increase In yield per ha shows 
a gradual decline and attains a constancy beyond 0.87 hp It has 
been concluded in the study that the power range for sa tisfac tory Yields should 
lie between 0.5 and 0 .8 hp/ha . However. It IS considered that besld s d p nd · 
ence of crop yields on power. there are many other factor s which Influ nc th 
productivity of the land . Therefore . there appears to be B good scop lor 
substantially increasing the crop yields without increasing the lev I of power 
And. improved tools and implements and cu llivatlon practices can playa vory 
vital role in achieving the target . Low power ava il abili ty may conSld lably 
delay a farm operation . This could be overCome ei ther by emploYing mor 
power or by using improved and wide width Implements . 

Work Capacity 

Work capacity of both human and animal power is limit d. On an 
average. a man can do the work at a rate of 0.075 kWh (64 kca l /h) wheroas 
B pai r of bullocks can do as much as 0.75 kWh (642 kcal / h) The BV rane 
force a man can exert is equal to about one tenth of hiS own w eigh t . Simi ' 
larly . a bullock Ciln also exert an average force equal 10 one ten th 0 1 liS own 
weight . For short periods. they can develop four times more pOWf!r than 
average values (Hopfen 1969) . 

In terms of physical output . the amount of work done by the pow r unit 
will depend upon the type of tool. implement or machinery ngaged to carry out 
a given operation as also the prevailing soil moisture lind weather condl ' 
t ions. The approaches and concepts for efficient use of power to dry lands IS 

discussed below. 

Tillage 

All tillage operations should be ca rri ed out at optimum sOil moisture con· 
dition when resis tance to t i llage tools is low re su lt ing In lowor draft and pow r 
requ irement For example. black soi ls of Bhopal region iHe w ork d b 11 r t 
about 23 per ce nt soil moisture. At higher as well as at lower mOl ture. worka · 
b,lity of the soil is very poor. At higher mOisture. it Sticks to the sotl working! 
engaging tools and at lower moisture. clods are fo rmed and need moro numb r 
of passes to bring the soil tilth to the d sir d level It has been obs rvpd that 
at 23 per cent surface soil moisture. one mould board ploughing lind two 
harrowings only are required to achieve clod Size of 6 10 B mm mean 
diameter w hereas at 18 to 19 per cent soil moit.ture one mould board ploughing 
plus 2 to 4 d isc harrowing plus 2 to 6 harrowing are requHCld 10 achl va th 
same degree of tillage It may threfore be obselved that. II is deSirable 10 

perform all t illage operation. at opt imum soil moisture 10 make effiCient ule of 
power in the black solis. However, in dryland agriculture sOil mOl'lure Vdrr • 
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with occurrence of rains and optimum soil moisture conditions are available for 
8 very limited time . In view of this. use of improved and higher capacity 
implements will be required to cover more area in the limited time available and 
make the best and efficient use of the available power. 

Depth of tillage and number of tillings have been found to significantly 
affect the total energy requirement. Min imum should be done to keep the total 
energy requirement minimum without reducing the crop yields. Studies on 

ffdCt cf depth of tillage and number of tilling on yield and total energy require­
ment of drvland crops are required for optimization of depth and amount of 
tillage nAcessary to achieve an optimum level of production and minimum 
n rqy requirement 

o vplopment of minimum tdlage practice for drvland crops may be rewar ­
ding, 8S th r is limitation of pow r It will help in completing different 
operations (tillage, se ding and ferlllisIOg) timely. 

Sowing of ClOpS In Ime helps in effrclen t managemenl of the crops. 
Weed control in broadcast crops IS difficult . In such fiplds, weeds are removed 
With manual labolH once only Due to this, the w eeding is not effective and 
th operatIon (lots delayed r sui ting In non - timeliness and loss of yield . In line 
sown crops, thiS probl m do s no tarrs as manual weeders and bullock drawn 
Impl m nt. can b used to control the w f'eds effectIvely and timely 

Improved Tool. nd Implements 

Th country yoke commonly used by small and marginal farmers results 
in very low h .noSllng of bullock power The use of Improved harness would 
result In hiqher sp d of operation of 8 given implement lind thereby increases 
ar a cover d In 8 91v n tim nsurlng IlmellO s of operation. Improved b6kh8( 

bl de develop d at Central Inst,tu( of Agricultural Engmeellng (CIAE) gave 
high.r f,eld c p c,ty and fIeld IIICI ncy and lower unit dralt in comparison to 
local straIght blade (T ble 3) . It theroby Improved the power use effiCiency in 
bl de hOllowing, 

Table 3 Effect of !;hap of b,ifllf blad on Its performance (CIAE 1980). 

P rllmet r 

Field c pacity (ha/day) 
Field efficiency (ft 0) 
Unit draft (kg /cm ) 

V 120 

0.547 
62.620 

02.71 
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Local 

0.434 
54.460 
0.310 



Improved harrow (tilting hook type) developed at CIAE gives higher field 
capacity. and lower draft than that with fixed hook. The improved harrow giv8s 
therefore higher power use efficiency than the fixed hook pllle/8. Many oth r imp­
lements have been evaluated for their performance at a number of loca tions U e 
of the improved implements have increased the working eHlciency of man end 

Table 4 : Field capacity of man and animal with local and improved implements 

in red lateritic soils (Singh 1980). 

Power Operation Tool fimple- Field capaci ty 
source ment ha fhr 

--- ---

Human Interculturing a. Hand hoe 0.0067 

of wheat crop b. Wheel hoe 0.0287 

Pair of Ploughing B. Indigenous 

bullocks plough 00254 

O. M . B. Plough 00500 

Pair of Sowing of a. Indigenous 
bullocks wheat plough 00495 

b. Three- row seedd,,11 0.1277 

----
bullock power (Table 4). The working capaciry of man increased with u eo' 
wheel hoe for interculturing wheat crop. The bullocks gave mOre output of work 
with a mould board plough and three- row seed drill in comparison to an Indi­
genous plough and sowing with an indigenous plough . Similar trend may b. 
seen in Table 5 also where working efficiency of bullocks was ob erved high r 
with improved implements than with local Implements. It b comes amply clear 
that the use of improved lools and implements can considerably improve the 
working efficiency of man and bullock power which are Ihe only source of 
power in drylands. 
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Table 5 : Effect of use o f improved implements on grain yield, human and tota l 
energy requirement for paddy and wheat Cl OPS under red la terit ic soil 

(Singh 1980) 

----
Paddy Crop Wheat crop 

Energy Grain Human Total Grain Human Total 

Treatment Yield bnergy energy yield energy energy 

q/ ha kWh ha kWh/ha q/ha kWh/ha kWh /ha 

1973-74 

a ~ullock wi th 252 142.1 500.0 17 5 77. 7 631 .1 
local impl ment 

b Bullock with 262 982 366.7 19.0 48 4 560.1 
Improv dim 
plamant 

1974·75 

a. Bullock wi th 26 .3 1358 489.6 15.4 74.7 446.9 
local impl ment 

b. Bullock w ith 29.5 101 .2 3921 170 457 348 9 
Improv dim· 
pi ment 

Improved Cultivat ion Pract ice 

Cultivation pr ctic Ilk wide row cultivation. year round tillage. set rOw 
cultivation, till piantlOg lind many others have been found to improve the work­
Ing fficiency of onlmlll power as It ither covers more area in a given t ime or 
dl tribu t s work ov r an extend d penod . Adopt ion of such practices wou ld 
help 10 Incr 8$lOg th row I us. effiCiency 

Metchlng Implements 

Us of matching lIe Implements will improve the power use efficiency of 
the vallable pow r It IS seen tllet In some ar as single lOW seeding device is 
U d With a pair of bullock whereas 111 other areas three to five row seed drills 
ar us d. Us of matching Implement is therefore necessary for proper and 
eff,ci nt manag ment of draft pow r 
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Multipurpose Implements 

Multipurpose implements permit farmers to carry out their basic op ra ­
tions of t illage. planting. fertilisation and weeding In a timely and pr cise mann r 
to increase productivity. These implements available now in India have a wid r 
coverage than the local implements This is an important feature of these 
machines. Growing of crops with such implements adopts systems approach 
which helps in efficient management of crops as well as other resources with 
pair of bullocks. 

Crop Planning 

Proper crop planning for year round and uniform use of available power 
will help in improving the t imeliness of farm ooera t ions due to distribution of 
work. Some crops need to be sown earlier th an others Therefor . by proper 
selecrion ot crops. an uniform demand of power could be achieved It would 
then be possible to manage more land area timely with the same power result ­
Ing in improved power efficiency. 

Conclusion 

Ava ilable power on drylands is limited to about 0 22 Mp/ he only 
Although . productivity of IRnd depends upon a large number of factors. the 
available power considerably influences the timeliness of operations and ther 
by the land produr.tivity Production of more food th erefore reQulles more 
power. Th is cou ld be achieved by introducing more mechanical power. How­
ever. th is may not happen in near future due to high COSt of fossil luel and 
machinery and poor purchasing capacity of dryland farmers. In order to produce 
more from the drylands with the available power. adoption of simple nd 
improved manual as well as bullock drawn implements and cultrvatlon practi ­
ces is necessary. A number of improved tools /implements end practices have 
been evolved in the country to meet the requirement of different regions and 
category of farmers . These may be adopted for efficient use of power in dry­
lands for increasing the t imeliness of operations and thereby the productiVity of 
drylandS 
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THE EFFICIENT USE OF POWER IN 

DRYLAND AGRICULTURE 

G. E. THIERSTEIN 

"The men and women of rural India are tied to poverty and misery 
because they use too little energy and use it inefficiently, and neorly all the u 
is secured by their ow n physical efforts. The transformation of rural Indian 
society could be brought about by increasing the quantity and improving th 
technology of energy use" (Revelle 1976) Considerable attention is being 
given to mechanization as one of the technologies that probably ne ds m Jor 
changes in order to benefit the small farmer practicing dl'y'land agricultur In 

developing countries. In this paper, machanization is used in its broadest cont )(t 
to include the utilisation of machinery whether powered by human labour, 
animal draft, or mechanical means. Hall (1973) states that meaningful agllcul­
tural mechanization may effect land productivity and/or labour productivity . It i 
now being recognised more widely that machines and power, sel CIIV Iyand 
wisely used, can contribut~ markedly to increased yields and production of food 
crops (Giles 1975a) . 

In India there is generally a low land to man ratio with a considerabl 
landless labour class and so major emphasis should be placed on increas'ng land 
IJroductivity . In many parts of Africa, by contrast, there is oft n a high land to 
man ratio with a very lImited landless labour class. There, the ma,or Imporlonc 
shoul d be given to improving labour productivity . Increased production can 
therefore result from either increasing land productivity, expanding the cropp d 
area and/or a combination of both . 

The utilisat ion of power thus plays a contrasting rolll in th two typ of 
situations. In the Indian context it is necessary for power to be us d to Improv 
yields through such measur s as improved timeliness. improved tilla , bettor 
seed and fertiliser placement. etc, In the high land to man ratio SItuatiOn, th 
use of additional power can often be justified primarily to break labour bottlene­
cks which are limiting the area under Cultivation, thus increasing I bour produc­
tivity. although this might have considerable impact on land productlvity.' o. 

While the subject of this paper is the efficient use of pow I in dlyl nd 
agriculture I intend also to consider the broader energy picture sIOce In crop 
production, the horsepower hours utilised are only one .ource of energy u .. d. 
It is necessary to pi ce the utilisation of pow r for aQllcul tural production in the 
context of the lotal en roy picture in order to have a bettel under.t ndlng of It 
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importance. Fertiliser is often a major source of energy input. Other energy 
inputs can include plant protection chemicals, irrigation, and the manufacture of 
farm machinery. In engineering terms, power is defined as " the time rate of 
doing work" and is usually expressed in horsepower or watts Energy is " the 
amount of work done" or the power multiplied by time and is commonly expre­
s'led in horsepower hours, kilowatt hours, joules, calories, or British Thermal 
Units (BTU ) . 

Energy 

Revelle's (1976) study of energy utilisation in rural India, est ima tes that 
the total nerpy used in rural India in 1971 was approximately 11.4 x 10 1 1 kcal 
while in the USA" a~riculture in 1970 used approximately 10.6 x 10 ' \ kcal of 
8nerqy Aoproximatel y 89 per cent of the energy used in rural India was derived 
from loca l sou rces such as f irewood animal power, human labour, crop residue. 
duno uc;ed for fuel and only 11 per c nt came from commercia l sources. How­
fWAr, of this total rural en roy utilisation, only 22 per cent was used for agricul­
tllre while the remAinder was us d for oth r purposes. The local energy source 
for noricultur comns primarily from human labour and animal draft. Commercial 
ElnAroy provides th f rtrlls r reQuir ments and fuel for mechanical and electrical 
M'HOY In the Unit d States almost 100 per cent of the energy is from 
(';t'lmm rcial sourc s . Althounh the use of commercial energy is expanding 
rnoidly In til dev loping countries, non -commercia l energy remains very 

Imoortnnt in these cnuntrl S, and ospecially their rlHal arp-as Until recen t ly, how­
ever, very litll attention has been paid to non-commerCial energy resources. 

Agricultural Power 

L t us look at some of the agricultural power data given in the literature 
and consider how r levont they are to th dryland farming situation . Table 1 . 
shows the mechanical pow r that is availabl p r unit area for a number of 
countrio and indicat s that India ranks very Jow. Tne power from mechanical 
sourc is u ually tak n as the rat d nglne power while that from draft animals 
is the t rAct ive efforts. Due to various m chanical and traction losses the tractive 
pow r availabl from tractor I usually estimated at about 20 per cent of the rated 
engine power (Makhij ni and Pool 1975) . If we add human and animal power 
(Table 2) a much more accurat p,cture em rg s Singh er ,/ (1980) show that 
about 55 per cent of the pow r avaIlable for crop production in India comes from 
human and draft animals and the power available for agricultural production in 
India IS est imated to be just ov r 0.5 hp/ ha. This II In contrast to Japan. for 
x8mple. which u s over 3.0 hpJ ha and has average yields about five times 

a high as India (Gile 1975b) . This rai es the question as to whether an 
increas in pow r would have a dir ct and positive influence on agricultural 
productivity. 
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Table 1 Mechanical horsepower ilvailable In selected countries (M 11111 
1975) 

-----------------------------
Country 

Japan 
West Germany 
United Kingdom 
France 
United States 
Italy 
Uruguay 
Argentina 
Chile 
China. Rep. of 
Peru 
Mexico 
Thailand 
Bolivia 
Pakistan 
India 
U.S.S R. 

• Most estimates based on 1967 -68 data 

MechAnical hp per 
cultivated hectare· 

3.09 
1.94 
1.57 
1.52 
0.96 
089 
0.45 
031 
0.23 
0.15 
0.15 
o 11 
005 
0.03 
0.01 
0.01 
001 

Table 2 : Arable land and power available for crop production (McColly 
1973) 

Country Arable Human Animal Mechanical Total 
land power power power pow r 
(10"ha) hp/ha 

Sri lanka 1.876 0.12 015 0.11 0 38 
Taiwan 892 020 016 0 .15 0 .51 
India 161.940 0 .09 0.20 001 030 
Indonesia 22.852 0.11 0.06 000 0.17 
Iran 11.593 0.04 005 015 0.24 
Japan 6,004 0.22 0.12 2.66 300 
Korea, Rep. of 2,256 0.20 0.74 0.00 0.44 

Nepal 1.831 0.25 048 000 073 
Pakistan 26,021 0.11 0.29 001 041 
Philippilles 7,934 0.07 0.10 002 019 

Thailand 11 ,267 0.11 0 .18 005 034 
Vietnam, S. 2,935 0.21 0 .24 0.02 047 

Totall Average 257,399 0.14 0.19 027 060 
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It is necessary to break down the average f igures for a country as diverse 
as India. Table 3 compares available horsepower figures for several regions 
which include most of the developing countries. It then compares India 
and several very diverse districts. Ludhiana district has one of the highest 
proportions of irrigated land and is in the state of Punjab having the highest 
density of tractors . West Godavari is a district with a high proportion of irriga­
ted land but where tractorisation is at a much lower level. Chittoor district is 
quite well advanced agriculturally but has less irrigation than West Godavari 
Mahbubnagar and Adilabad are districts where mostly dryland crops art:! grown 
and the soils are not particular ly good. These last four districts are all in the 
state of Andhra Pradesh . The difference in levels and source of power is clearly 
evident . It is also clear that th l-' dryland farmer in India has much less pONer 
than has irrigated counterpart and that he relies much more on animal power. 

Tabl 3 : Distribution of Agricultural Power 

Total Percentage of available power/ ha 
Region hp/ha Human Animal MeChanical 

Asia (excluding China) 0 .22 26 51 23 

Africa 0.10 35 7 58 

Latin America 0.25 9 20 71 

India 0.23 29 62 12 

Ludhi&n 01 trict 0 .82 4 22 74 

West Godavari District" 0.40 20 60 20 

West Godavari District" 0 .44 21 47 26 

Chlttoor District 0 .44 23 67 11 

Mahbubnagar District 0 .28 18 81 2 

Adilabad District 0.28 18 80 2 

·There is a discrepancy in th data because of different sources. 

Sources : It m 1 6 (Giles 1975b) 

7 10 (Bureau of Economics and 
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G Hes (1915a) observed a positive trend between an increase .n available 
power and food crop yield per unit area. Th is is particularly true at the lower 
end of the spectrum, where apparently a small increase in power produces a 
considerable increase in land productivity. However. the relationship of available 
horsepOWer to c 'op yields does not necessarily prove that greater power appli­
cations to agricultura l operat ions will bring increased yields (Hall '973) . Giles 
(19,5b) stresses that in the regions having low available power, yield incre 5 

are probably due to other energy inputs such as fertiliser and irrigation . 

During the six year period , 964- 65 to' 910·11, India with a very low 
level of poy"er, Increased its productivity by 200 kg/ha without any notlceablo 
increase in available power /ha During the same period Egypt . which started 
from a much highe. base increased its land productivity by about 750 kg / he 
with lIttle change in power ha. Conversely the United Kingdom increased it 
power by about 05 hp/ha with only a marginal increase in productivity, whIle 
Japan increased its power by about 1.75 hp/ ha to ach,eve a productIvIty increase 
of 750 kg l ha . In view of these and many other anomalies . it is logical to a k 
what impact Dower has on ClOP production . Falmers utilising higher rates of 
power also often use more inputs of various types such as improved sod. f rtl ­
Ilser. and irrigation. Makhijani and Poole ('975) compared crop Yields and tOlal 
energy inputs for several locations in developing countries. The relationship is 
curvilinear indicating that increased yields might come from anyone of sevoral 
energy Sources. It is prObable that the power requirements for agricultural 

production are over emphaSised by many engineers and scientists, sIOce there 
are many other faclors that also have a major effect on productivity. Higher 
levels of mechanizallon usually come after crop yields have increased (GilliS 
1975b) . 

Aola of Mec hanization 

Does mechanization then have a role to play in increasing crop produc­
tion? Giles (1915b) states that in the early stages of the introduction of 
tractors, it often represents merely the substitution of one form of power for 
another. It is not until a later stage of mechanizatIon that more precise and 
timely operations such as placing seeds and fertili.er leads to higner yield. He 
further emphasises that " only some machines when used in some farming 
situations and under .ome management expertise contflbute SIgnificantly to 
increase yields." . 

The important point to remember i. that it i. pflmarlly the implement 
which has an impact on crop yields. A seeder that meter. the proper quantity 
of. d. places it in the correct moisture lone, and establl.hes good d soli 
contact to enhance rapid germination can be as ea.ily pulled by animal. a. by 
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a tractor. It should also be emphasised that improved mechanization is consid­
ered to be a viable proposition primarily in terms of its relation to the complete 
farming system . 

There is evidence to show that the use of machinery. when properly inte­
grated into the farming system. can be effective in terms of improving yields. 
Giles (1975a) reported a very substantial increllse in yields. if proper seeding 
methods are used. Binswanger e{ 8/ (1980) summarise the results of the steps 
in improved technology (SliT) experiment at ICRISAT over two years in both 
alfisols and vertisols. and show that there is a substantial yield increase from 
good soil and crop management when high Yielding varieties and some fertilisers 
are used . 

The proposals for additional power for agricultural production usually 
state the following anticipated advantages : 

Grollter power allows the ability to improve the quality of operations such as 
deeper tillage . botter placement of seed and fertiliser, better land shaping. 
etc. 

2. TrRctors might be able to reclaim land which cannot be operated by bullocks. 

3 Additional power would allow more timely operatIon .. thus contributing 
both to higher yields and more eKtenslve practice of multiple cropping 

4 . Additional land can be brought into cultivation where power limitations are 
!l bottleneck . 

Technology for Improved Power Utilislltion 

Wlj wardene (1980) states thllt the trend of mechanization has often 
been II matt r of reductng time r Quired to perform an operation by substituttng 
on form of nergy (often human labour) by a higher Input of an alternative 
soure whether animal or mechan iClI1. Thus for any particular system of agri­
culture the product of en rgy and time remains roughly constant . He throws out 
tho chall ng of devising new systems Ihllt provide timeliness of operation low 
in tim ) and yet requiring a low energy input. 

~om research is being don at ICRISAT along these lines. Table 4 shows 
th p rformanc of 6 wheeled tool carller versus traditional implements on two 
man g ment systems used b a farmer. The wheeled 1001 carrier used in 
ICAISAT's farming systems research is an animal drawn multipurpose machine to 
which mdny dlff 'ent implem nts can be atl ched to perform a wide range of 
gricultural operations and provid transportation where animals are the main 
ource of pow r. The tool carrier is 8 metal frame mounted on two pneumatic 
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Table 4 Performance of a wheeled tool carrier with improved implements vs 
traditional implements on two soil management systems in alfisols 
at Aurupalle village (1978-79) 

Traditional Improved Improved 
implements implements implements 

Operations on flat on flat on broad beds 

AFC & TBW AFC &- TBH AFC &TBH 
(hr/ha) (hr/ha) (hr/ ha) 

Chiselling 50 

Moldboard plowing 43 

Ridging 53 

Cultivation 83 5.0 

Cultivation II 10.0 

Blade harrowing 12.5 

Blade harrowing II 11 .1 

Bed shaping 38 

Fertiliser application 4.3 28 

Sowing 71 3.6 27 

Seed covering 5.0 

Interrow cultivation 11 .1 5.3 29 

'nterrow cultivation II 7.1 6.6 34 

Total 53 .9 38.1 352 

Yields (q ha) 
Sorghum/ pigeonpea 13.' I' .6 17.3136 17 0 /4 8 
Millet/pigeonpea 2 3/05 5.9 '26 59/24 
ealtor 36 5.6 66 

°AFC = Actual Field CapacilY 
TBH Total Bullock Pair Hours 
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tyres and has a beam to which the bullock yoke is attached. Implements are 
attached to toolbar on the back of the tool carrier with simple U-clamps. When 
using the same management system the wheeled tool carrier package reduced 
the machinery time required to produce a crop by 27 per cent. When changing 
the management system from common flat cultivation method normally used by 
farmers to a broadbed and furrow system the machinery time was reduced by 
another 5 per cent . AI the same time the use of improved machinery increased 
yi&lds. 

Table 5 : Field performance of a wheeled tool carrier for various operations on 
broadbeds and flat fields (vertisols watershed. Bansal and Srivastava 
1981 ) 

Broadbed cultivation Flat cultivation 

Bullock Bullock 
Operation Man pair Operation Man pair 

(hr/ha) (hr /ha) (hr/he) (hr / ha) 

RllnY.llllon Rlliny season 

Moldboard plowing 5 25 Cultivat ion 126 63 
Rldginp 5 25 CUltivation 126 63 
CultIvation 74 44 Harrowmg 70 7.0 
Bed haping 67 33 Harrowing 11 .3 11 3 
Planting and fertIliser Planting and 

applicat ion 90 3.0 fertili ser appli-
catIon 12.5 4.2 

, It interrow , st interrow 
cultIvat ion 120 4.0 cultivatIon 123 5.0 
2nd interrow 2nd interrow 
cultivatIon 86 43 cult ivation 10.8 54 

POllr.lny .... on Postrlliny season 
Cultivation 63 3.1 Cul tivat ion 8.4 4.2 
Planting 180 60 Plant ing 150 5.0 
Interrow cultivation 7.6 3 .8 Interrow 

cultiva tion 10.6 5.3 

Total 856 369 113.1 60.0 

Harrowing was done by using tr ditional blade harrow All other operations 
wer done with the wh led 1001 ca,ri r and attachments. Maize was grown 
during the ralOy s a on follow d by chIckpea during the postrainy season. 
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Table 6 : Average values of specific draft for p"oughing (Alikhani 1981) 

Ploughing 
Specific Draft (KPa) Treatment depth 

(cm) MCI" MC2 MC3 MC4-

Flat 5 34 31 27 23 

10 x' · 40 33 30 

15 x 72 61 57 

Broad bed and furrow 5 22 21 20 20 

10 46 36 31 30 

15 57 49 41 37 

Flat 5 26 24 20 36 

10 42 36 33 52 

15 62 57 54 69 

5 22 20 19 25 

10 37 36 30 38 

15 48 46 45 48 

-----
·MC (Soil Moisture Content) varied In the profile . 

MCI : 0.6-5.0, MC2 : 3.0-5.0, MC3 : 50-7.0, MC4 : 7.0-10.0 (fiat) and 

7.0-8.6 (B /F). 

" It was not possible to work deeper than 7 cm. 

Bansal and Srivastava (1981) have shown simil r results when comparing 
flat with broadbed and furrow cultivation systams on verti ols (Table 6). Th 
broadbed system reduced the t ime required to cultivate a h"ctare by 38 per cent 
and at the same time yield. were higher in the broad bed system. In addition to 
aYing l ime, the broadbed system also reduce' the draft and thus th total 
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energy requirements (Alikhani 1981). Table 6 shows that the maximum specific 
draft reduction of 30 per cent was achieved in a vertisol when ploughing 15 cm 
deep in wet conditions with a soil moisture of 27-28 per cent. Singh et 01 
(1980) also show that the use of improved implements can reduce energy 
requirements by 70 to '00 per cent compared to the use of ind igenous imple­
ments . In many instances improved implements have equal or low er draft 
than indigenous implements . Thus it IS clear that there are existing methods 
which can assist the dryland farmer to improve the utilisation of his power. 

Conclusion 

While the energy utilised by dryland farm ers in the form of power is minute 
compared to the total global use of energy, It is nevertheless an important part 
of the Input to crop production In India Local sources of energy play an impor­
tant ro lo in provldrng this power. so Improved techno logi es must emphasise the 
use of available re!>ources Improved technologies are available to reduce 
power p r hectare required to produce a crop and simultaneously improve 
yields. 
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YIELD GAP ANALYSIS: CONSTRAINTS 

AND APPROACHES 

B. K. RASTOGI 

During the past one decade, conceIted research efforts have b en made 
in India to develop a technology for the drylands so as to (£lIse and stabili. 
crop production on such lands To test the feasibility of the technology d 'I -

loped at research stations, verification trial lind the domonstratlons are conauc­
ted before the recommendations of research findings are released for farm r . 
acceptance . Despite this , the crop yi Ids obtained by the mtljorrty of farm rs 

tend to be considerably less than the yields Obtained at expellm nt I stalion . t 
verification trials and at demonstrations There are also WIde vanatlons In the YIeld 
obtained under different situations. To illustrate the pOint clearlY,the aver 9 yl Id 
of sorghum, based on 1977 and 1978 yield::; under different lIuatlons ,n 

Hyderabad region (i e same agro-climatlc condItIons). are gIven In Tablt! 1. Tho 
data establish th at under dryland agricultural condItIons, there eXists d re rvorr 

of untapped yield potential whatever may be the COl trlbutlng factors . The 
magnitude and the con tributrng factors for such yield gaps are li sted to Table 2. 

It may not be possIble, even in the long run , for the sci ntists andlor the 
extensIon workers to raise the farmers ' yield (actual) to the I vel of r arch 
plot or verifIcation plot YIeld. But It would be deSirable to rar e tho productI ­
vity to the levels 01 feasIble yields (demonstration) or attornabl ylola , 
The sooner it is achieved, the better it is. As a step to narrow down ttl 5 

yields gaps, the need for objectIve diagnosis of the pOSSible realon or can tra ­
ints is apparent. This may be done in two complimentary way. and would 
include biophysical constraints and the socio- conomlC constraint How Vtll. 

the most Important point emergIng from the data in Table 1 relatos to flndrng 
valid answers to two basic questions: (i) Why is there .uch bIg dIfference 
between research stations yield and the YIelds obtaIned In vellllc tlon traIls 
under the farmer 's environment 7 arid (II) What are the reasons for such WId 
gap in attainable yield and actual YIeld 7 Some factors responsIble for the.e 

differences in yield may include : 

i. The recommended technology being cost-rnten IVII has not been fully 
appreciated by farmers , particularly the small and marginal farm II Ev n 
the medium and big farmels are often hesitant to invest fully In the 
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required inputs, resulting in non-adoption or partial adoption of the 

technology. 

ii . Absence of adequate information (In graded or intermediate technology 
sui ting farmers of different resource base operating at d ifferent levels of 
f>kills and management. 

iii. Farmer's objectives are not necessarily maximising physical yields ­
particularily in an economy of subsistence based on diversified farming. 

iv. Difficulties in procuring inputs, pricing structure and market behaviour. 

Yield Gaps in Different Crops 

Foregoing description on yield differences relates only to sing le crop 
(sorghum) and for one region. It also brings home the point that it would 
bp unrealistic to imagine that farmers ' yield can be raised to a level beyond the 
yield level achieved under demonstrations. Even reaching this level is subJbc­
t d to the proper diagnosis and tackling of constrain ts operating at field level. 
It would thus be of interest to examine the yield gaps in relation to different 
crops Over a pellod of time and locations. Ratio of yields at farmers plot and 
that obtained under demonstrations from 1976-77 to 1979-80 are summarised 
in Tabl 3. 

The ratio of Yield between farmers plots and demonstration plot vary 
greatly b tw n crops and y ars . Variation in yield ratios during different 
years are larp Iy based on easonal conditions . However . the Yields under 
d monstrutions wer hiuh r In all the years and for all the crops. This suggests 
th t ttl recommended dryland technology has an In -built mechanism to reduce 
weath r risk ConSld ring th averag figures, we observe that the recommen­
ded technology, given th Infrastructural and institutional support . can have an 
immediat imp ct in blldging th gap between farmers ' field on the demonstra­
t d Yields, pot ntial being 200 to 400 per cent higher in case of sorghum. 
pari mdl t . Cllstor and chickpea In case of other crops too. there exists a 
cope of rai .. rng the crop yi Ids Th farmers have already accepted the inno­

vallons to a great xtent in th case of gloundnut . 

Gaps in Profitability 

Th bov does not indicate the gaps 01 v81iablity In net plofits under 
high level nd low level of technology. From the economist's point of view, 
this is rath r important to know how much of the yield g p could be economi­
cally teeov I d It 100kJ logic I to suggest that so long as the adoption of the 
implo" d p ckage of pr etiee did not I d to a fall in the net returns, it would 
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be economically sound to adopt the recommended practices. Table 4 presents 
the ratio of economic returns based on low management (famers') yield and 
high management (demonstration) yields during the four year period given in 
Table 3. Data presented on gross and net returns takes into account the 
element of cost of C:.Jltivation under the two situations. It is observed that the 
ratios pertaining to nat income is between farmers' and demonstr<ltion plots for 
gross income. Thus, inspite of higher cost of cultivation under demonstrations, 
the gap between the income /profits obtainable with farmer 's management skill 

and with improvAd practices widens more sharply than the physical yields. 
Obviously, therefore, there is also a need to bridge this economic gap. The 
remedy to bridge the gap in physical yields and economic returns lies in popu ­
larising and adoption of the recommended technology. 

Constraints 

Even though it has been convincingly estilblished (Tables 3 and 4) that 
th adoption of r comm nded technology would raise crop yields and enhance 
profitability, stili a majority of farmers even In such villages where large size 
demonstrations were conducted did not take UP recommendations on regular 
basis The high magnitude of non -adoptions in respect of three selected prac­
tices is presented in Table 5. 

It is observed that the adoPtion of improved seeds have made headway 
but the adoption of fertilizer application and use of plant protection chemica ls 
have not yet made enough impact in the dryland areas, pprhaps because of sub­
stan tial cash investment. This p lltern of some pr ct ices being more acceptable 
than others indicates that the dryland farmers do not favour the adOPtion of 
technology a a package but prefer to adopt one or two recommended practices 
wh ich sui t to their resource endowment, operational skill and managerial 
abrli ty. 

Reasons for non -adoption of improved seed, fertilisers and the plant 
prot ct ion chemicals are summarised in Tables 6, 7 and 8. 

In g neral , conomic f.ctors as constraints to adoption emerge more 
important th n ei ther biological or technical factors. The high cost of inputs 
has b en the major constraint for most of the crops. The fear of the farmers 
that improv d se ds are more susceptible to pests and diseases is another 
important reason and can be attributed to risk factor. Similarly, the risk in case 
of fertilizer u e is evidenc d in the reporllng of heavy losses in case of fa ilure 
of rains Significantly, lack of awaren 5S or knowledge about the recommen­
ddt chnology as a constraint is only of minor importance. The SUItable 
pricing policies for input and outp",t in r latlon to various crops can hopefully 
take car of th conomic fetor . In ddit ion. the research efforts ar needed on 
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the use of low monetary and non monetary inputs with emphasIs on mantl~ -
ment skills as a means to effect cost reduction so that technology b com s 
relevan t to bridge the yield and incoma gaps and move dryland aglicultlJr 
forward . 

Approaches 

In view of variety of crops grown and the technologl s aVlJtlable as also 
the crop performance being highly site-specific and season-specific In drylllnds 
the task of analysin~ vield gaps is rather diff icult Further, to whiH {'x t nt th 
technology can be transferred has not b en tested with much vigour If) nil the 
regions. At few locations, however, on - farm testing of th r commendt'd 
technology has been systematically undertaken . 

Constraints of soil and water operating at the farm (farm r's) I v I nnd 
the number of management practices which are not w i thin thp diract control of 
the farmers individually have been some of Ihe limiting faclors for nol t sllnp the 
technology and its non adoption conseouently . It IS not only the phYsrcal 
superiority of the technology which is to be tested, but also the 'COflUrlllC 

viabil rty. It implies that scientists would have to enSu re ttldt rhe r commend d 
technology if adopted by the farmers would increase both Yield.. nd profit 
The appropriateness of the technology would, h wevor, depend on the rflorf' Itn 
tativeness of the area. Therefore, the areas or r grons have to be cltwrly d linN) 
ted for purposes of constraint analysis. ThiS delineat ion may broadly fall Into 
three groups 

I. Where the technology have been devel oJ.)ed and adopted by the farm rl> 

ii . Where the technology have been dflveloped, but not adoptod by the 
farmers 

iii Where technology is still in the stage of perfection 

The scientists should develop a package of practices which LH con i 

dered bet ter than the farmers' practices and thi s package IS tostf'd on the 
farmers field. Scientists should themselves conduct . sup rVls ttl tr ial. r cord 
observations and collect relevent dat Il. Where tho technol~y has PiHllillly 
been adopted. gap analysis has only liltle promise The survey appro ch II 

required to understand fully the reasons of non -adoption Such reasons may b 
biological or socio-economlC or both. The grouping of farmers into dillerent 
size holdings (marginal. small. medium and larger farmers) and adopting atr !I. 

tied random sampling technique coufd be useful In such surveys In cale of 
identified biological constraints. the verifications has to be through upellm n­
t tion again. At the same time, the economic profltablhlY of recommendation 
has to be worked out. 
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The gap analysis is promising in .Heas where the yields at farmer's field 
are much lower then the demonstration yields even though the technology (seed 
and fertilizer mainly) have been adopted (eg ., f inger millet at Bangalore, cotton 
at Akola and Rajkot , castor at Hyderabad, and maize at Indore) . 

Conclusions 

The following aspects need investigation in yield gap analysis: 

i . Examination of the magnitude of gap in yield under different situations 

ii . Determination of the rAlative cOlltrlbu t ion of different production inputs 
when they are used individually or In combinatio n 

iii , Estimation of the xtent to which the use of the recommended inputs can 

rrofl tably he increase d on farmers' f ield 

IV Id ntitlcation of th social, economic and institutional factors preventing 
farmurs from usin\:} known technology. 

It is also to be emphaSised that yield gap analysis has to be a colla bora­
tiv offort of Agronomists and economists , the agronomists sharing the major 
resoon ibllity of expellmenta tion and economists undertaking analysis of socio­
economic constrain ts through the organisation of village surveys 
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YIELD GAP ANALYSIS: PERSPECTIVES 

AND IMPLICATIONS 

R. D . GHODAKE AND T. S WALKER 

Yield Gap analysis is a new research methodology that m rg d on a 
formal basis in the 1970s. Developed by the International Ric R search 
Institute (IRRI) , it was extensively used to measure and analys th df'termi ­
nants of yield gaps in farmers' fields In Southeast Asia wher high YIPldmg nee 
varieties have been adopted It has gained wide -spread POPUl ilrlty with r Sf'sr ­
chers, research administrators, and policy makers . It is easy to vlsual,s Bnd 
think in terms of yield gaps, and the simple and efficient procedures disign d 
by IRRI provide a vehicle for potenttially effective mter -dlsClplmary r s arch 

Although the IRRI yield gap framework gives u a prototyp to follow, 
it requires major modification before it can be applied to dryland agncultur . 
Many of these mod ifications were underscored in a Working Group Me tlng on 
yield gap analysis organised by the All India Co-ordinated Ros arch Prol ct for 
Dryland Agriculture and th e International Crops Research Institute for the S ml 
Arid Tropics in 1980 In this paper, we evalua te concepts , consideration, 
approches, and implications for yield gap analysIs In dryland agricultur m the 
1980s. 

Concepts of Yi eld Gap Anelysis 

The IRRI Approach : The Inttlrnational Rice Research Instltut hal PIO ­

neered a methodology to identify yield gap factors and IlmaW th '1 r m gOltudo 
in rice production (De Datta ('/ 6/ 1978: Gomez (' I IJI 1979) Th tote I yl Id 9 p 
is conceptually divided into two parts. Gap I rapresent s th dlfforence b tw en 
experimental station yield and potential on-farm yi Id and Ii condition d bV 
"irreduclble " nvilonmontal factors Gap" is the diff ronc between POI nlll,1 
and actual yield at the farm level and IS caused by vatJous biological and .OCIO· 

economic factors operallng at the farm and/ or village leval 

The main focus of IARI research is on yield gap II and I essentially bal d 
on on- farm testing. It has been used to ana lys why on-farm yl Ids do not 
measure up to potential yield. follOWing the adoprion of high Vleldlng gonOlyp • 
The IRAI yield gap analysis is generally conducled for Irflgated (Ice 10 an lIured 
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production environment. An integrated approach combining both controlled 
agronomic experiments on farmer' fields and farm surveys is used. 

The IRRI analysis starts w ith a preliminary survey of 100 farmers who are 
elected in a random sample The main objectives of the survey are two-fold : 

, . To have a basis for se lecti ng farms for on - farm factorial trials and 2. To 
gain 8 preliminary idea of farmers' perceptions of yield constraints . Twenty 
farmers are chosen for on- farm trials in each study area. Three to five location­
.p cific test factors are identIfied and Included in the trrals for experrmentation. 
Two lev I of each test factor are test ed : the farmprs' level and the improved 
level. Tho farmer s level refers to what the farmer is actually dOing in the 
current crop season, and varres from one farm to another . The improved level 
is one that the researchers xpect will produce maximum yield in the study ar ea. 
Th tri al deSIgn IS Il factorial wllh two to three repl ications and a sma ll plot size 
of 4 x 5 meters All non -test factors are managed at Ihe farmer's level. Poten­
tiAl yipld is estimatpd on plots where treatments ar set at the improved level. 
The estimat of YIeld gap In the study area is computed as the difference bAt­
w I'n tho potontial farm yield And tile actual yi eld as obtained on thosA plots 
wh re all factors are at farmpr's levels. An alysIs of vuri ance techniques is used 
to d tarmlno Individual and JOInt contr .butlons of vanous factors. Once the main 
tr tm nt lactols conditIoning tho yie ld pap have be n determined, adootlon 
urveys are ca rri ed out to id ntlfy and Quantify socloecon')mic constrain ts deter­

mining the acceptance and diffUSIon of the main treatment factors . The I R R I 
methodology I'('r .1(' does not m ke a methodologIcal contrtbution towards under­
st ndmg the und rlying SOCIO conomic determinants of Yield gaps . 

General Steps in Yield Gap Analysis 

On the basis of the IRRI approach and dIscussions during the AICRPDA­
ICRISAT working group meetIng on YIeld gap analysis, w e have divided the 
9 naral procoss of yield g p analysis Into four major steps (Fiy . 1) . The boxes 
wIth solId lin s indlcat Sl ps; wh Ile those wIth dotted lines denote implicit 
outcom of thes st ps 

The fllst stt'p addresses the basic Question of whether there is any gap 
in the yi I'J and, If yes, what IS its magnItude. E)(isting knowledge and prel imi­
nary surveys are used to answer thIS QuestIon Answer will be locatIon-and 
time - pacific with du consider tion for the type and level of \echnology prac­
ticed by repr sentalive falmers in a region . 

In the eeond step the total yield gap is partitioned in to two maior 
components to obtain a b nchm rk fOf furth r analysis . This partitioning is 
p rform d by analysing data from prel iminary surveys, on-station research, and 
on -farm experimentation The first part (Yield Gap I) is attributed to environ­
menu I differences and non -Iran f.rable components to technology while the 
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second part (Yield Gap II) is due to inefficient cultural practices and sub-optimal 
input use by farmers that result in lower yields than those possible on their farms. 

The third step deals with the estimation of potential yield and actual 
yie ld on farmers' fields and with the identification of factors responsible for 
differences between these two yield levels. How much each factor contributes 
to the yield gap IS measured through on - farm experimentation or field observa­
tions . The analysIs in this step deals with the realisation of production poten­
tial at the farm lovel with a given t~chnology and has implications mainly for 
development strategy and technology transfer policy . 

Afler having documented the factors and their contributions to yield gaps. 
the fourth and last step focuses on why farmers are not doing what is required 
to realise on -farm economic yield potential. There could be a number of under 
lY ing rea on s such as capital constraints, profit seeking behaviour, lack of know­
ledge dbou t technology risk beanng ability. and institutional and social infrastru ­
cture ' In fact. these are the underlyin determinants of yield gaps and need to 
be understood for making appropriate policy prescriPtions. Feasible approachps 
could encompass adoption studiOS, whole -farm constraint analysIs. and partial 

budgeting As a consequence. potentially and economically recoverable gaps 
are stimated The findings can be utilised to sugQesl policy alternatives aimed 
at 1111 vlatlng the constraints and resealch prioriti 6 oriented towards the reduction 
of gapl. 

Major ConsideratIons in Dryland Agriculture 

Because we ar d allng with yield gap analysis in dryland agriculture 
which is diff rent in many respects from the assured rice production environment 
where IRRI developed and u ed its methodology. we should analyse some of 
the more important differences. These conSiderations should be the basis for 
th election of appropriate approaches in deSigning SUitable methodologies for 
yield gap analySIS in drylond agriculture. Table 1 ()utlines some of the major 

conSiderations by comparing and contrasting dryland agriculture with irrigated 
fiCO nnd presented possible implications for yield gap analysis In dry land 
agnculture 

In general. the lower rate of adoption of genotypes and other practices and 
th gr 8ter variabil ity tn the level of adoption across dryland r glons compared 
to th IrrtQat d rice ar as luggests the need for claSSifying areas into relativ Iy 
homog nous tf'chnorogy by envirom ntal sets Unlike the IRRI methodology 
with its mph sis on adoption of a high yielding vartety genotype. the approach 
for dryland agriculture should b flexlbl With a focus both on genotype a well 
as on other pr ctlces such as 5011 -. water-. and <:rop-management technologie$ 
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Table 2: Important test faClors for different dryland crops and regions for yield 
gap analysis ' 

Crop Region 

Sorghum Hyderabad 
(rainy season) Akola 

Sorghum 
(postrainy 
sea on) 

Pearl millet 

Boilary 

Ahmad ­
nagar 

Sholapur 

BrJApur 

Jodhpur 

Hi.;ss"· 

Kovilpstti 

Anantapur 

Flng r millet Bengalore 

Upland rice Varanasi 

Rewa 

Ranchi 

Bhuva­
neSW8t 

First 

Vartety 
Variety 

Variety 

Variety 

Ferllllzer 

Fertilizer 

VarIety 

F rtilizer 

Variety 

Variety 

Varl ty 

Vanety 

Variety 

Variety 

V riety 

Test Factors 

Second 

Fertilizer 
Fertilizer 

FertilIzer 

Fertilizer 

Third 

Weed control 
Weed control 

Date of sowing and 
seed rate 
SpacIng and intercul ­
tlvation 

Plant popu · Spacing and interculti-
lation vatlon 

Date of sow - Intelcul tivation 
ing and plant 
populat ion 

Method of 
fertil izer 
applIca tIon 

Management of fertili­
zer application 

Management Weed control 
of ferti~izer 
applIcation 

FertIlizer 

Fertil izer 

Fertilizer 

FertIlizer 

Fertilizer 

Fertilizer 

Fertilizer 
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Date of sowing 

M ixed cropping 

M ethod of sowing and 
fertillz r application 

Method of sowing and 
fertilozer application 

Method of sowing and 
fertilizer applicafion 

Method of sowing and 
1.rtiliur applicat;on 



Table 2: (Contd.) 

Test Factors 
Crop Region 

First Second Third 

Chickpea Varanasi Variety Fertilizer Plant protection 
(pod bor r) 

Hissar Variety Fertilizer Plllnt protection 

Pigeonpea Hyderabad Inter - Plant pro - Fertillzor 
cropping tection 

Akola Inter- Plant pro Fertilizer 
cropping tectl.)n 

Greengram Jodhpur Variety Method of 
fertilizer 
applicatIOn 

Groundnut Rajkot Fertil izer Plant pro - Varil'ty 
tectlon 
(8phlrls) 

Anantpur Fertilizer Pllnt pro · Deep ploughing 
tectlon 

Castol Hyderabad Variety Ferliliz r Sowing date 

1. These test factors are identified by different workrng groups formed during 
the AICRPDA ICRISAT Working Group Me tlng on Ylold Gap Analy," In 

1980. The test factors are presented according to tholr Imporfanco 

2 . BJ 104 Variety of pearl millet has been widely adopted In Hlssar area 

or their individual components. Some of the promis ing crop. ar a .lInd Ie t 
factors for yield gap analysis are listed In Tahle 2 and w Ole Idon ttfl d In the 
working group meeting in 1980. 

1 he dominant role played by tho environmental factor.. particularly 
va flat ions in soil moistu re regimes and their InteraClions with many other lactors, 
conditions output varrabillty in dryland agllculture and (lmphasises th ne d for 
identifying and quantifying dtHerminants, not only of Yield gap II , but al.o of yl Id 
gap I. From data presented tn the working group meelrng '" 1 980. the 
magnitude of yield gap I IS likely to be large In dryl ard agriculture (Table 3) . 
The averag size of yield gap I acroSS several ClOPS whele yield g p analy ... 
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was considered fea!>ible was 61 per cent. This is probably an under stim t of 
yield gap I because the demonsfrations m ~y have been carried out on relatively 
fertile land and werfl not managed by farmers 

The IRRI methodology also has to be adjusted to cope with Intercr >ppin 
and mll(ed cropping. to define C0mmon and optimal cropping systems for analysl • 
and to measure gaps in productivity in monetary terms. Substantial oil 
variabilI ty across plots. farms. and reg ions to dryland zones wtll hav~ trong 
implica tions for the choice of homooeneous regions and for experimental d~Slgn . 

A grea ter number of alternative cropping activi ties and the compl xlty of drylond 
agriculture rein forces the need tor close collaboration between differ nt 
disciplines to handle the variety of Interaction efff'cts. Field exp rtmenl<; should 
be supplemented by more fi eld observations and related m llsurm nlS to 
generate stlfflcient data to Simulate farmers ' practices for n'ln · te<;t f ctots. Such 
In'ormation is also one of the essential building blocks for larer st ps In YI Id 
gap analysis that focus on underlYing constraints. 

In brief . drylanci agriculture caliS for a more flexible. ecl CIIC approAch to 
yield gap analYSIS. For a number of reasons sketched in Table 1. th bonetll 
from yield gap af'1alysis in dryland agriculture Will be more time ond site specifiC. 
Yield gap analvsis in dryland ag'lculture equivalent 10 thtJse c 'med oul tor 
irrigated rice areas w ill reqU ire more time. resources and skill d pnrsonn I. In 
terms of methodology. it will also probably nOI have the hloh degr 9 of trBnsf,HII' 
b ility across regions and counrTles that the IRRI Yield gap an IIYSI exh lbll d. 
Component par .s of the frame-work may have fairly wioe transfarabiltty. b ut thoy 
Will have to be pieced together again to face new situations In dilf , nl dfyland 

locations. 

Yiald Gap Approaches and Technology Generation 

Where does yie 'd gap analYSIS or an analYSIS of det- rminant of yl Id "t 
into the prJcess of technology generation and diffUSion? W answ r thts QUI' 

tion by charting in Fig 2 the sequences or chronolo ICil l 51 {)S f 1I0wpd tn th 
generation and diffUSion of dry and technology. I t I merely IIlu 11 tilla and 
depicts In detail the POints ot Intervention where d.tter nt typ o f "tud. 8 nd 
analyses contrtbute information for making oeCISlon~ on agflc.Jlwrdl r learch. 
Approaches that dirpctly relate to Yield gap analYSIS ole tound In di,lgnosttc 

research . in the assessment of prospective technologies and ,n lhe x post 
evaluation 01 technology. 

Diallnostic Research : On· 'arm Observations and Product ion Function An.ly,,' 

In order to identify researchable problems lind assoc aled pril'l,,118 . dlegn 
ostic research rehes on severel methodologies. including ba'.',n and, c( nnlli 
sssnce surveys, base data analysis. and on·farm eltperimenulticn. On uch 
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methodology used by the Centro International de Agrrcul ture Tropical (Pin trup ­
Andersen er a/ 1977) to evaluate on-farm constramts to high r b on Yield in 
Colombia is a type of yield gap analysis that applies to si tu at ion wh re r I arc­
hers have little information about the size of yield reducers . 

This procedure is based on the collection of data from A r~pres ntative 
sample of farms. Field measurements are taken to develop d tallod nVlron 
mental and technolog ical plot profiles specific to a cropping system QualitAtlvo 
and quantitative information is gathered on the incidence and sevenly of nch of 
the variables eXPfcted to limit yields in the crop for which the analysIs is COrti d 
out . In general. these determinants include biological. agrocl,miltlC. daphlc. nd 
management variables Yield losses are estimated from a producllon or respon 
function analysis in which observed yields Bre regressed on lactors xp cltJd 10 
influence yields Each regression co-efficient multiplied by th e mean villuo of the 
particular yield limiting factor provides an estimate of the overall Impact of this 
factor on sampled yields. 

The success (If thi s approach requires obs rvations on at loast 30 II Ids. 
variation in environmental and technological variables. and an inler-discipltn ry 
team effort . Depending on the cropping system studied. fl Id obs rV!ltlons nel'd 
to be taken during critical periods such as planting. germination. flow flng. And 
harvesting In order to increase management variability. some suppl mental tfl ll is 
and demonstration plots at high levels of management may be IOclud d in th! 
analysis . 

Economic Asselsment of Prospective Technologies : Whole-Farm Constraintl 
AnalysiS 

Whole -farm constraints analysis places yield gap analysis In !J farm milna ­
gement perspective and evaluates the impact of resource con tr8101 . IIsk . and 
farmers' objective on output and the allocallOn of resources Becaus Ih an Iysl 
is carried out at the farm level. it is more IIppropflate to talk of output gap . An 

example of how to partition output gaps (Gap II) Into thelt component part. I' 
illustrated in Table 4. Linear risk programming method was emploY('d to analyse 
the productivity gaps. In this example. capital w as th most Important con trllint. 
contributing about 50 per cent to the gap In potenllal gross returns 

Whole -farm constraints analysis is esptcially sUited to dryland agflcultur. 
where cropping patterns are diverse and resource constraints are numerou, There 
exists a Wide range of methods of whole - farm mod.,llng (Hardaker 1979). 
including mathemat ical programming approach s that can be u ed to carry out 
whole farm constraints analysis It can be argued that mathematical programming 
approaches particularly those that account for risk. provide the mOlt SUitable 
framework for whole -farm constraints analysis. The Imporllnt proviso to thiS 
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argument is that reliable and suiuble computer facilities are available. Until such 
facilities become available, reliance must be placed on intimate knowledge of 
farm circumstances to carry out an intuitive assessment of constraints with a 
whole -farm budgeting approach . Partial budgeting can also be useful especially 
for analysing the on-station experiments wherein farmers' technologies are 
simulated as 'control s' 

Tabl 4 : Determinants of output gap II by farm size groups in Akola region 

(Contr ibution in '%.) 

Source of gap 

Technical inefficiency 

Allocative inefficiency 

Capital constraints 

Labor constrain ts 

Ri k aversion 

Profit-seeking behaviour 

Potential percentage gap 

Farm size 
Small Medium Large 

Returns 
Gross Net Gross N7""e-t--:G- r-o-ss-"7N'-e-t 

31 

-3 

59 

o 

13 

o 

73 

31 

53 

o 

15 

o 

78 

33 

6 

61 

o 

o 

o 

76 

34 

1 1 

55 

o 

o 

o 

80 

50 40 

-4 6 

48 40 

2 2 

3 4 

o o 

72 78 

1. Output gap du to each Source being measured as percentage of the poten­

tial gap. 

2. Negativ sign of gro return gap on small and large farms does not indicate 
n gativ contribution of allocative in fficiency; the absolute value indicates 
th allocatlve in fficiency. 
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Ex-Post Evaluation of Technology : IRRI Yield Gap Analysis 

The IRRI-type yield gap analysis is designed for those si tuations of partia' 
adoption and/or partial impact when technologies once adopted do not measure 
up to expectations in farmers' fields (Fig .2) . The combination of on-farm lurv ys 
and experimentation recommended in the IRRI approach hav be n describ d 
earlier in this paper. 

less Formal Approaches 

Other steps in the process of technology generat ion depicted In FIg . 2 
can function as locil to generate valuable information for a mOr Informal yi Id 
gap analysIs. For example, on-farm trial s orQanlsed along steps- ln-imp1ov d 
technology methodology (Ryan and Sarin' 977) have been conduct d both in 
AICRPDA and ICRISAT. These factorial tr ials with improved and tradItIon I tr at ­
ment combina tion provide information on the separate contributions of d,ff r nt 
treatments to YIelds and returns ; if the trials are managed by the farm r th y 
are equivalent to an ex- ante or before -the- fac t IRRI y ield gap analysIs . Further ­
more, information from secondary data. baseline surveys, and on -f 1m t tlng 
can be judicIously and skillfu lly blended to construct an insightbl evaluation of 
the determinants of productivity gaps. 

Implications for the Eighties 

For the reasons ci ted earlier in the paper, we do not believe thllt rei archer 
on dryland agriculture in the 1980s should allocate 8 sIgnIficant hare of th " 
scarce resources for formal yield gap analysis to make it more co t eft cr,v for 
dryland ag riculture. An inlerest in formal yield gap analysl should not dlv rt 

researchers from the more rout ine tasks involved in generating a steady flow of 
technl,ca l information for drylands agriculture . For xample. th field t stlno of 
technolog ies on a routine basis in dryland operational re earch pro I cta h a 
generated valuable information on the rela tive orofi tablilty of practices and on 
institut ional and other constraints to adopti'}n (RastoQi and Annamalai 198 \ ) 
Yield \} ap analysis should complement and not substltut for the e Important 
activities 

Formal yield gap analy i should cont inue on a pilot exploratory ba.i. at 
a few locat ions and i ts progress should be reviewed annually A. more In'orm -
t ion from several sources accumulates in the 1980., Informal YIeld gap an.IY'I' 
should also become more eHective. 

In dryland agriculture. more attention need to be tocu ed on th deter­
minants of YIeld gap I than of yield Gap II. Reliable e.timat • ov r tIm ar 
needed, not only on farmers' fields but . Iso on operation I .iz d 'Ielda on dryland 
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experimental stations. Loclltion- specific supplemental trials and on -farm opera­
tional research can generate reliable estimates. 

Whole - farm constraints analysis is complex and it may be advisable to 
adopt this approach at a few l('Ications using whole-farm budgeting. A micropro­
cessor for use at the headquarter's location in Hyderabad could place whale-farm 
constraints analysis on a sounder footing. 

A team approach is Indispensable to yield gap analysis in dryland agricul ­
ture . We highlighted the need to collect information on insect and disease damage 
and the levels of infestation . This means that entomologists and pathologists 
should play prominent roles in such a team, or at least participate in the training 
of the team. 

Another way to approach yield gap analysis in dryland agriculture is to do 
more in-depth, probl m oriented diagnostic rese8tch . For instance, diagnostic 
resparch on stand establishment may allow researchers to arrive at a 
preliminary indication of whether or not poor stands are Important in condition­
ing yield gaps. 

Data from many sources including farm structure studies and demonstrations 
can be us d to arrive at estimates of the contributions of different faclors to 
Yield gap II . This tyae of analysis would require a production function approach 
and compatible data sets. 
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FIELD TESTING OF DRYLAND TECHNOLOGY 

B.G. RAJASEKHARA 

The starting of All India Co-ordinated ReseArch PrOject for Drylllnd Agricul ­
ture in 1970 has given a new dimension to the research on dryland a9rlculture. 
The dryland technology, unlike the technology for irrlQated farming. is pov rn d by 
certain factors . They are: 

Location specificity : The technology developed cannot be applied to tho 
whole of agroclimatic lo"es due to variations with in a defined agrocilmatlc lon 
in spatial distribution of rainfall. 

Consistency of technology : The t'3chnology to b successful he to be 
tested over years, as there is vast variation in rainfall both in quantity and dl trlb ­
ution over years. 

Flexibility of technolopy : No one technology. howev r sound. con be 
adapted to all the conditions . Dryland technology has to hav fl xibllity . Ab rr nt 
weather conditions have to be taken into account . 

Profitability of the technology : With little or no control on moi ture, th 
degree of response to any treatment or recomm ndation would b varying . Thu • 
the profitab ility would also fluctuate . Visible changes are ss nti81 for th cc p­
tance of dryl and technology. 

Apart from the above. the competance of the ex t nsion staff and the farm r 
who accepts and adOPts tna technology are also important. Th e t chnicol and 
social problems influence its adopt ion. Testing of dryland technology forms 8 VI\fll 
step in the transfer and adoption of technology Testing In farm rs fl Id h Ip both 
the researcher who develops the tcchnolgy and extension offiCial who t8k I th 
technology to farmers at large. The former gets an insight tntO th perform nc of 
technology, which would help him to refine his technology and arrive at pproptlDt 
technology. The latter would be interested in the operational dlfflcultlel '" 
the adoption of the technolgy. 

ObjlCt i vl$ 

The dryland technolog ies were tested in locsHon. Bround the r arch 
station Later the technolog ies were also Introduced to the Integrated Agricultural 
Development Projects. In these projects, the ex tension worke,. d monltrat.d th •• 
technologies on a compact block of 800 ha each year . Il w • f It th t a IV.t m.llc 
evaluation of technology has to be done by the r search wo,ke,. them elv'l 10 

168 



that they could do reliable assessment. identify the bottlenecks and work al 8 

source of feed back for re.earch . Thus. operational research projects (OAP) were 
started at four centres (Bangalore. Hyderabad. Ranchi and Hoshiapur) in the 
country. Thus. the ORPs formed a vital link in the transfer of technology with the 
following objectives : 

i. To critically study local agricultural practices 

ii. To test the research f inding in farmers' fields 

iii. To find out the acceptability and transfer of technology 

iv. To find out economic feasibility of the technology under farmers' field 
conditions 

v. To identify socio -economic constraints. 

vi . To serve as a source of feed back to research . 

The technolo~y was tested in half to one acre plots. keeping proper control. 
The tes l ing was conducted by scientists themselves with the cooperation of the 
farmers . Periodical observations were collected and the yields were estimated 
by harv sting from '00 m' plot selected at random . The technologies were at first 
tested on individual holding and then on microwatersheds. Valuable information 
was generated for use by both researchers and extension staff . 

Sallint Findings 

Low mon t8ry inputs like introduction of high yielding varietips, and cultural 
practices have given encouraging results . High yielding varieties of finger millet has 
given 40 per cent extra yield over local ones (ORP. Bangalore). Early tillage for 
sorghum resulted in 40 per cent extra yield (ORP, Hyderabad). 

High yielding variety of orghum with intra-row weeding IJroduced 60 per 
c nt extr yield (OAP. Hyder.bad) . Wider spacing using 30 cm seed drill resulted 
in 20 p r cent higher yield over control (OAP. Hyderabad). 

A non· traditional crvp of groundnut. hybrid castor GAUCH-1. and pigeonpea 
HY 3A. wer found to b good aJternate crops for Aanchi, Hyderabad and 
8angalore areas respectively . 

Opening furrow across the slope on a grade at every 3 m gave 
considerable incr as in the yi Id of fir.ger millet (OAP. 8angalore) . Grad d 
border strip incr a d the yi Id of finger millet by 30 per cent. K ylin owing 
at Hyd rabed and low cost terr cing at Hoshiarpur wer beneficial. The latter 
h Ip d In t king two crops. 
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The low-cost seed-cum-fertil iser drill at Bangalore 8 and simple imploment 
to place fertiliser at Hyderabad were found to be useful. 

Adoption of Technology 

The testing of technology by the ORPs hllve rlJsult d In the adoption of 
these technologies in the ORP villages. However the degree of adoption w a 
highly varying. Adoption of crops and varieties WIlS fairly high. Alt mal 

crops and varieties were adopted easily as their effects were visible and most often 
resulted in higher economic re turns. Fertiliser. which again bring about visibl 
changes, were adopted to 8 considerable extent eventhough they wer not 
applied at the recommended dose due to resoulce limitations of the dryl nd 
farmer . 

At Hoshiarpur. aldrin treatment for wheat against white ants WIlS adopled 
widely. The land terracing, though involves higher investm nts. wt'r acc pt d 
by the farmers as they increased the land value and allowed two crops to b. 
grown. 

The ORPs, besides testing the technology, also served 8S 8 source of 
feedback to the scientists at research station . 

Conclusion 

The five year experience of dryland ORPs has shown that adoption of 
technology depends on socia- economic condition 01 the farm r. It IS "SI I to 
adopt the crop husbandry technologies, and for succossful adoption Aten Ion 
support is essential . New strategies have to be developed fo r t tlO9 no 
spreading soil and water conservation technology The contrtbuti on of IOdivi 
dual recommendations and their interactions IS worth und 1St ndlng 8 it Wilt 
help to impress the farmers . It is essential to educate the falm r on lOl l and 
water conservation as this is a pre-requisite for successfu I dry farmtng . 
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OPERATIONAL RESEARCH: 

THE INDO-UK EXPERIENCE AT INDORE 

S,R RAJE 

The Indo UK Dry Farming (Operational Research) Project was started at 
Indore during 1974 with the UK collaboration . It was a multidisciplinary inte­

grated approach on a catchment of the river Gambhir comprising about 2000 ha 
cultivated land covering three villages. The main objective was to test the 
dryland agriculture technology of black sods on the farmers fields to improve their 
farrnin~ and livestock by making the best use of soil and water resources. The 
other objectives of the prolect were to study the SOCIO economic operational 
constraints and the short -comings of the small plot research during the techno­
logy transfer and provide a feed back for research to make it more meaningful. 

Th present paper intends to discuss various aspects of field testing of 
dryland technology on a complete watershed basis which are useful to sharpen 
the focus on the planning and implementation of operational research on dryland 
agriculture in the ighties . 

Soil I nd Water Resource 

Th soil being typical vertisol derived from basalt has high yield potential 
but is quite problematic. It cracks on drying and becomes difficult for cultivdtion . 
Under saturated cond ition It is almost Impermeable and becomes highly erodable 
and gullies are formed particularly under clean cultivated or fallow conditions. 

The annual av rag rainfall in 987 mm and is seasonal with several high 
intensity storms occuring even in drought years that cause waterlogging and 
erosion . About 90 per c nt of the total rainfall is received during the months 
of July and August. 

Probl, ms I t the Inc,ption 

,. Excess water in the fields during monsoon caused severe runoff 
resulting in soil erosion leaVing wishes and deep gullies. 

2. Waterlogging was caused by runoff from hillocks and upper reache, 
of the wat rsh d to lower fields. It was further accentuated by erroneous 
field bunding done earlier. 
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3. Major port ion (68n
,,) of the soil was left fallow durmg ramy S(,8 on 

when abundant rain water was available. It was left without cov rand OCCli I 

onally cultivated by local plough and blade harrow which made it mor vuln r 
able to erosion . 

4 Varieties grown on 32 per cent of the cul t lVll t d IIr n w r long 
durat ion, low yielding loca l varieties of sorghum. bidCI.. !.oybclln. mOil . 
pigeonpea, greengram and blackgram w hose Yields w re adversely IIff ctl"d 
during the early cessa t ion of monsoon arou nd the end 01 August . 

5. M ajor pos t - rainy crops wer e wheat , chickp a and Imse d. Tradi tional 
varieties of the se crops were often affected due to drought, rust etc which 
caused low yields. 

6. Only single crop in a sequence of rainy season cropping-follow-follow­
post rainy cropping rotation in alternate years w as preval9nt hllvlnQ a cropping 
intensity of about 103 per cent only. 

7 Double cropping was not at all fClllowed und r ralnf cl conditions 

8 . Self'..: tion of crop variet ies w as done mostly according to th domesllc 
needs. ignOling the economic aspec ts . 

9 . Use of fert iliser was very much limited to Itrlgnted crops only 

10. No pl ant protection measures were followed . 

11 . Labour and power resou rces with farmers V811Sd With th ~IZ of 
hold ing . Family labour and bullock availabili ty per ha were resp cllvfJly 3 0 and 
0 .55 in smallest size group (up to 2 hal and 0 3 and 0.1 In the largest 11 group 
(above 12 hal . 

12 Agricultural implemen ts were l imi ted practically tCl traditional plou"h, 
bl ade harrow, blade hoe and two-type seede r. 

13. The general heallh condition of ca ttle and buffalo s w sun tlalac­
tory resulting in low draft power and low milk yields . Th iS WaS further aggraval d 
by high calf mortality and scarcity of forage . 

Approach for rechnology resting 

Conversion, to the maximum pOSSIble extent, of fallow area Into cropp d 
area in rainy season, growing wheat. chickpea or safflower on deep 801ls In poat 
rainy season and giving protective irrigation, were the stratogl.8 10 mak the b It 
use of land a:1d water resources. and to nhance and labillle the crop productIon. 
RalOY season activities were given the main thrust so as to r8.5 'arm tncom and 
gain the farmers' confidence. and sImultaneously pr etv' the aoll r.sourc •• 
from erosion . 
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The programme of field testing was planned to be implemented w ith 
integrated efforts in three phases. I n the first phase, a centrally located area of 

about 400 ha was selected such that it covered some port ion of all the three 
villages to include some farmers of each village as beneficiar ies and was named 
as ITA-75 In the second phase (ITA·76) this area was increased to 1250 ha . In 
the third phase, it was further increased to cover the complete area of 1981 ha . 

Frequent visits and close contacts w ere made to establish rapport indivi­
dually and collectively in moetings with the farmers to sort out their resources 
and problems and to f ind out sUi table solutions. Th is helped In gaining their 
confidence so needed in implementation of the programme. 

To motivate farmers. following incentives were provided at the Project's 

cost : 

I. Domonstrations on improved seed and fertil iser in the f irst year 

Ii . D monstrat ions with supply of improved seed to those who purchased 
their own fertili ser during the second year. 

iii . Demonstrations with supply of improved seed on exchange basis to those 
purchaSing their fert iliser requirements th emselves during the th ird year 

iv. Only hybrid seeds and fodder sorghum seeds w ere subsidised during the 
forth year where the farmer applied the basa l dose of fertiliser in the 
pr sence of project staff. 

The techn ical guidelines for each discipline to proceed with their approved 
programmes were as tollows : 

1. Li nd and Water M negemlnt 

i . Drain xcess w ater from upoer reaches away from fields 

ii. Provide over-all drainage of the area through grassed waterways along 
natural depressions 

iii. Provide safe inlets for field run-off into the water- ways through waste- w eirs 

IV . R claim gullies and stabili e waterways through gabion structures 

v. Construct broad-bl e bunds in fields w ith excessive length and grade of 
slope. 

2. Approprllte lind U 

I. Bare hili slop s : Plant trees and gr eS 
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ii. Shallow soils w ith 3% slopes 

With 0-3% slopes 

iii . Deep soils with 3°~ slopes 

With 1 -3~~ slopes 

iv. W ith 1% slopes 

3. Cropping Programme 

. Plant grasses and trtel 

: Must be cropp d in rainy S 910n with 
short duration varieties/crops prefer ­
ably on a grade 

: Plant grasses 

: Double cropping or Intercropping 

: Plant rainy season crops with land 
treatment or lealle fallow for good po t 
rainy crops 

I. Put the maximum possible area in rainy season 

ii . Replace the long -duration local varieties with short·duration high yielding 
improved crop varieties 

iii. Use recommended doses of fertiliser 

iv . Sow the crop in t ime according to weather and soi l mOisture, lind establ"h 
a good stand 

v . Watchout for insect/pest attllck and use plant protection me sur when 
necessary 

vi. Harvest at physiological maturity stage of crops 

... Farm Machinery Programme 

i . Introduce appropriate tillage systems, matching with avail blo pow r for 
t imely operations 

Ii. Introduce efficent seeding equipment for uniform stand and good plant 
population 

jii. Emphasise interculture in rainy season crop t ill advanced stage nd intro­

duce suitable improved implements 

iv. Popularise threshing equipment for timely harvest 0' crop and saf. grain 
storage to minimise postharvest losses. 

v. Educate farmers on proper operation and maintenance of th Ir improv d 
machines. 
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5. livestock Improvement 

i. Introduce improved methods of feeding and management of local 
cattle at first 

ii . Attend to common ailments of animals 

iii. Control contagious diseases of animals by prophylactic vaccination 

iv . Upgrade cattle through cross-breedi ng by artificial insemination and 
natural services by half - bred jersey bulls . 

Field Testing of Technology 

Technology sui table for dryland farming was tes ted through the multidi ­
sciplinary integrated approach . The work of testing the technology was laun­
ch d on community basIs where it benefitted the majority of the farmers 

directlv or indirectly 

The following soil and water engmeering structures were designed and 
constructed which w re found to be successful in the area. 

1. Storm drains : Storm drains w ere constructed for safe disposal of 
runoff water from upp r r aches to water-ways to prot ct the fields on lower sice 
from waler -Iogging and rosion . Over 6 km storm drains were thus constructed 
and 400 ha land was protected from water- logging. 

2. Waterways : Runoff w ater. diverted through storm drains and from 
adjoining fieldS of 1 (0 ha. was safely di sposed through a net work of waterways 
d signed and construct d for this purpose . 

3. StAbilisation of storm drains and waterw ays: Improved grasses like 
PenfllSQIUm pedicel/BlUm. Cencl/rus spp. DlcHnlflium spp. etc were tested for grassing 
of storm drains and waterways. 

4 W as te w irs : Sixteen out of fifty nine waste weirs were constructed 
with revelse f,ltelS fOI sat dlsrn ag 01 runoff water from adjoining fields to the 
water w ays. 

5 Gabion structures : The e structures were constructed and tested on 
tho probl matlc v rtisols for the f irst time in India for bed stabilisation of water­
ways and control of gullies. Twenty sucn gabion structures controlled secon­
dary gully format ion tn adjoining fi Ids ot 400 he . 

6 . Bank prot ction : DiverSion boxes and spures constructed from 
boulders and galvenlsed wife mesh and tone pitching we re tri d for protection 
of n it tV pOints 01 banks of waterways and wele found to be effective. 

176 



7. Mini-gabion structures : Drop structures of 60 cm height constructed 
wi th reverse fil ter by using boulders in wire mesh as crest and 1005 bould rs for 
side walls were t ried and found to be quite safe if maintained properly. 

8 Control of washes : Loose boulder st ructures (drop 
chute structures) were tried for control of washes In the fl Ids 
of 60 cm were found to be safe for a catchment upto 15 ha . 

struc tures and 
Drop structures 

9 . Construction and rejuvenation of tanks : A tank of 20 hll cm capaci ty 
was designed and constructed on commun ity land for harvesting runoff flam 
16 ha catchment where glib Ion structures were safely used to fOlm Inl t Dnd 
outlet . An old breached tank of 35 ha cm capacity w as rejuvenated with th 
consent of concerned farmers to collect runoff from 60 ha catchment by constru · 
ction of a cement masonary spill way and strengthenmg of banks It was experio ­
need that rejuvena t ion of old tanks IS easier than construction of new tank 

provided the concorned farmers could be taken imo con fidenc . Tho hllrv ted 
runoff water in the ank had recharged the ground water and benefit! d the 
adjoining wells used for irrigation . 

Technology That Did Not Work 

Graded contour field drains fai led due to inability of farmers to cultivato 
along the contours. 

Broad based bunds were not popular because the fi eld boundari s crea t d 
hinderance. They required more care and maintenance. 

Temporary pole and brush structures to control t he bank lumping were 
tried but were not successful due to quick decaymg of the Acatla brush. th Its 
o f the poles and limited height of crest. 

Croppinll Programm. : 

Dryland agriculture technology was tested and tran terred to farm ,. 
fields and the results are summarised as follows . 

1. Increase in area under rainyseason crops : The dala presented In T ble 1 
show that the area under rainy season crops increased progr8 livelv over y .~. 

2. Introduction of improved/high yield ing varieties: The long duration 
local varieties have been replaced by short duration improvod and high YIeldIng 

varieties of different crops (Table 2) . 
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Table 1 Area under rainy season crops in project area (ha) 

Crops 
1975· 1976· 1977· 1978· 1979· 

76 77 78 79 80 

Sorghum 173 169 320 320 368 

Soybean 85 127 119 228 341 

Maize 84 80 115 105 75 

Rainy sea80n cultivated 38 54 68 68 66 
area (%) 

Table 2 : Replacement by high yielding varieties 

Crops Traditional Improved /high yielding 
varieties variet ies 

Sorghum Desi. piliaola CSH ·5, CSH - 6 

Soybean Kalitur T -49, JS 2, Ankur. JS- 72-44 

M alz Satha Chandan 3, Ganga- 5 

Wheat Pissi, Malwi Narmada 4, Narmada · 112 

Chickpea Desi Ujjain· 21 . Ujjain · 24 

- _. --
3. Increase in double cropped area : Normally double cropping is pra· 

cti sf'd where irrigation is available. But w ith the transfer of technology to 
farm r's fields the double cropp d area under rainfed conditions progressively 
increased with the time (Table 3) . 

Table 3 : Area under double cropping (ha) 

Area 

Percentage 

1975 76 

190 

40 

1976- 77 

850 

68 

1977·78 

1050 

52 

• Late r In during September 1978 did not occur 

• • Ra ins occured during Nov mber 1979 

177 

1978-79 

980· 

49 

1979·80 
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4. Increased use of fertil iser ' Fertilisor consumpllon incr as d Ir men. 
dously by the introduction of improved VBrI ties whIch Ie pond to f Ilill I 
application (Table 4) . 

Table 4 : Fertiliser use (kg of nutrient) 

---
Nutrients 1974 75 1975-76 1976-77 1977 78 1978·-;9 1979 80 

N 4260 15931 14714 16630 46126 42309 

P~ O fi 3326 10630 10832 10845 51624 60372 

K~ O 712 648 840 840 1241 4708 

5 . Adoption of intercropping : Intercrooping was readily populorls d 
as it has been a traditional theme of Indian agriculture. Amongst th Improv d 
high yiel ding variet ies. sorghum (CSH 5) +- plgeOllpell (Hy. 2) . sorghum 
(CSH- 6) -t soybean (T 49). sorghum (CSH 5) i soybean (JS-2) sorghum 
(CSH- 2) soybean (T-49 ). sorghum ( ':: SH 6) soyb an (JS 2) . nd m 11 

(Ganga-5) + soybean (JS-2) combInations became popular. 

6. Increase in average yields of crODS : Average yl Ide; of Improv d 
varie t ies of crops increased conSiderably (Table 5). 

Table 5 : Increase in average Yield (q/ha) of mall' crops 

Crops Va l iety 1975- 1976· 1977· 1978 • , 979·· · 
76 77 78 7 &0 

Sorghum Local 4 .0 42 4.3 25 34 

Improved 6 .8 17.7 203 185 10.0 
Maize Local 38 4.2 5.5 35 2.6 

Improved 1.6 13.0 150 135 67 
Soybean Local 4.2 4.2 67 55 44 

Improved 5.6 9.3 86 9.7 63 

. September rain did not occur 
•• late rains in November 
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7 . Increase in cropping intensity: The cropping intensity increased 

considerably by adoption of appropriate technology of dryland agriculture, in 
comparison with average of Indore district (Table 6) . 

Table 6 : Cropping intensity of project area and of Indore district 

Cropping 1973- 1974- 1975- 1976- 1977- 1978- 1979-
Intensity (%) 74 75 76 77 78 79 80 

Project Area 103 108 114 131 140 131 139 

Indore district 110 110 113 114 116 112 114 

8 Technology tested but not acc pted by the farmers : 

i. Dry sow ing was tried for two years to increase area under hybrid sor ­
ghum but due to uncertain rams and temperature fluctuations, tho germi­
nation w as affected adversely . Hence. farmers did not show any interest 
in the neKt year . 

ii . The farmers w ere reluctant to accept the crops like groundnut and cotton, 
probably due to high cost of seed. suscepti bil ity to diseases and pests, 
high cost of cul tivation, occurrence of frost and low returns . 

iii. Sunflower and safflow'!r were completely new in the project area . 
Thorny nature. susceptibility to diseases (wilting) and pests (aphids). 
heavy bird damage and absence of marketing facility were the reasons 
for farmers' reluctance. 

firm Machinery and Implements 

Machines and implem nts w ere identified and collected from different 
blsck soli areas of Indls and UK and tested Those found useful and accepted 
by farmers are es follows ' 

1. Bullock drawn tillage implements 

i. Kenmore tool bar with t illage attachments (UK) 
II. Mould board ploughs 

iiI. Indore Ridger 
iv. Di.k harrows 

v. Agricart w ith t illag attachments 
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2. Bullock drawn sowing machines 

I. Kenmore with SISIS seeder (UK) 

ii. Agricart with Ebra Planter (France) 

iii. MP seed-cum fert iliser drill 

iv. Till planter 

v . Krishi Seva tool bar with sowing attachment 

3. Manuall y opera ted implements 

i. Jalo cul t iva tor (UK) 

ii . Rotary hoe 

iiI. Maize sheller 

4. M achines modified and developed 

I. M aini modified five tynes seod drill 

ii In-Jo UK seeder (attachment unit) 

A farm activ ity survey has shown human labour constraint In p Tlod. of 
sowing. weeding and harvesting of crops In the project area . 

Animal Husbandry 

Animal husbandry programme was divided Into four parts to faclhtat th 
implementation ' 1 . Cu lt ivat ion of fodder crops. 2 Pastur Improv m nl. 
3 Trpatment of miscellaneous land and 4 Breeding and health coverag . Th 
field testing of the technology was Implemented as follows . 

Cult ivation of fodder crops : The ar a under fodder crops wa 9 he with 
maximum yield of only 200 q/ha in the beginning . Th area InCH'aS d to 0 hll 
w ith the maximum production of 740 q ha of sorghum Vidlsha 60 1 ('lngl 

cu') fodder . 

Pasture improvement: It w as decided to rejUvenate the degraded pas­
tures and to encourage the farmers to plant improved gl81S spec I S In Ind. 
having 3 per cent slope. Durrng the process 13 leg11me and 12 non·1 gu~ 
species were tested and 5 species of each were found to b QUltt! plomismg 
(Table 7) . 

Treatment of miscellaneous lands : Miscellaneous land . viz ItOrm dralna, 
bunds, waterway banks. gully banks, barren hillocks and tommon I ndl. wtr 
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trElated with appropriate plant and grass covers with the objectives of making 
their best use by way of stabilisation and reducing runoff. Thus. substantial 
yields of forage from fodder-fuel -fruit trees and grasses on 7 ha of land was 
obtained . 

Table 7 : Promising pasture species 

Grasses 

Non- legumes 

Pennisetum pedicellalum 
Dichanthum arestratum 
Cenchrus ciliaris 
Rl:lodes grass 
Chrysopogon fulvus 

Legumes 

Stylosanthes hama ta 
Stylosanthes scabra 
Stylosanlhes humilis 
Clitoris ternati a 
Desmanthes virgatus 

8r ding and health coverage : To improve the milch quality of the local 
cattle, cross breeding by Jer!.ey by art if icia l insemination was carried out and 
98 cros br d calve w Ie produced. A campaign w as launced to castrate maxi ­
mum number of local scrub bulls. Activit ies like pregnancy diagnosis, treatment 
of reoroduct ive dlorders, minor ailments. and prophylactic vaccination against 
contagious diseases wore also incorporated and services were rendered in the 
village It elf . 

Other Activiti .. 

R cycling of organic matter : In order to utilise the cattle dung catering 
to the ne ds of fu I and obta ining decomposed manure, ten bio-gas plants were 
installed by the farm rs Because of the high cost ot construction meterial, 
more number of plants could not be installed. 

Composting : Tr ining was arranged for men and women from different 
farm-families for proper utIlisation of waste material from their farms. Farmers 
after training, have dug 18 compost pit and started making compost. 
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Economic Assessment 

The project's stress on mOre ra iny season cropping to fully uti lis. th 
abundant moisture and to provide an efficient soil-cover during th mon oon 
season have been fully real ised by farmers. They are now flnonCI lIy 
better off More than half of their over-due insti tutional loan h ve b n p8ld 
back. During the tenure of this project . addtlOnal employm nt potentlDl hav 
been created . The human and bullock labour utilization IOcr 8S d by OVOI 50 
per cent An additional employment of over 24 thousand m n d y and 011 r 
six thousand bullock pair days w ere generated b tween 1974-75 and 1978·79 
The cropped area under five important crops. viz sorghum. maize. white oyb en. 
wheat and chickpea increased by 12 per cent wher as the production IOcr ed 
by 69 per cent . T he data on investment and income are presented 10 Tabl 8. 
The net income increased substantially. 

Table 8: Increase in investment and income (Rs ha) 

1973-74 1974-75 1975·76 1976-77 '977 78 

---
Investment 493 388 576 608 690 
Gross income 656 560 1005 1127 1292 
Net income '65 172 429 519 602 

Constraints Encountered 

A . Land and water Management 

, . Execution of land and water manapement practices on ca tchm nt b SII 

requires the consent of a numbel of falmers and a Single odd nut can d,.rupt 
the whole programme. 

2. The unsuccessful programmes of bunding executed earher by the Soil Con r· 
vation Services of the Deoartment of Agnculture had created SU'PICIOn 10 the 
minds of farmers and made them non· responsive 10 the beglrllng . 

3 . Farmers, in general did not realise that plant cover or stebltahment of or • 
in Washes. etc was the cheapest and most effective method of 
erosion · control. 

4. An enormous damage is caused by nomad and stray cattle to Ih land and 
water management works and their stabilISation mav ,equire invellm nt on 
fencing. 
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5. Auctioning of gullies by the Mining Officer for mining makes gullies more 
unstable and difficult to reclaim. 

6. Nowhere could the farmers be shown an ideal management of land and 
water under farmers' own conditions on catchment basis before this project 
was launched. 

7 . Proven technology on land and water mangement was not available as there 
is no 60il and water conservation research centre for black soil with high 
rainfall. 

8. Farmers are very much attached to the ir land and do not relish any change 
in their boundary even if no loss of land is involved . They also do not l ike 
run off water from their neighbour's field s being drained through their own. 

9. Farmers, in general, are not convinced of the utility of farm ponds for 
vari ous reasons and prefer open dug wells to farm ponds. 

B. Crop Husbandry 

1. Depenoence 011 outsioe agency for seed supply as there is no seed organisa­
tion in the state . 

2. S ed of hybrid varieties of various crops is costly . 

3. Lack of marketing facility for new cash crops 

4 . Poor capacity of the farm rs to store seed . 

5. Unl 5S grown on large areas by all the farmers together. early varieties suffer 
8 sever bird attack 

6. Still there is lot of Ignorance amongst the farmers regarding new varieties. 
balanced use of fertilisers a!'ld selec ting crop varieties according to the 
ui tability of land . 

7. Training the farmers in "groups arranged at the Farmer'S Training Centre is 
not effectiv . 

8. Big farmers canno t adopt labour intens ive technology 8S they have much 
less bullock power and human labour available per unit area of their 
holding . 

9 . Failure of co -oper t ives and other such institutions. 

10. Extension efforts at present is too thin to do any good. 

11 . Lack of crop -weather intelligence organisa tion . 
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12. Lack of agro-based industries in vi llages . 

13. Limitations of small plot research at in termedia te operat ional rlts arch IS 

lacking . 

C. Farm Machinery 

, . Ignorance of the farmer s in knowing the optimum draft cap city of anim I 
resulting in less output. 

2. Defic iency of draft animals is more acu te in peak seasons o f sowing and 
in tercu It ivation 

3 . Labour defic iflncy affects the sowing . intercul t iva t ion and harv sting oper -
tions adversely . 

4 . High prices of improved implements discou rage fa rmers from purchas . 

5 . Lack of know -how of complicated machinery reduces the outpu t and dUlabl ' 
lilY and increases the cost of product ion w hich comes in way of popular! a­
tion . 

6 . Lack of sui table low cost too ls/ implemen ts simple In deSign and 011 Y to 
operate . 

O. Livestock Improvement 

1. Compet i tion between food and fodder produCllon amongst the mall 
farmers 

2 . Piti able condi t ion of the common grazing lands and of Indlvdu I's pe turl! 
latlds. 

3. Prat lces of st all feeding of anima ls almost lacking . 

4 . Presence of scrub bulls in v i llages released on grounds of religion . 

E. Pasture Improvement 

, . Lack of restr ict ions on over-grazing as grazing land IS 1,",lled 

2. Enormous expenditure on fencing the pasture land. 

3. Non · avai l abil ity and higher cost of t he seeds of perennial legume gr 118. 

and improved fodder crops. 

4 . Lack of patience to take up long term programme for Improved lodder crop 

5 Fina ncial incapability to invest to improve the pastur land. 

6 . Depen dence on outside agencies for seed supply. 

7 . Small holdings ale barely suff icient to fulfil th needs of grain. and thut 

fodder cultivltion is ignored. 
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F. Tree Plantation 

1. lack of successful trials on miscellaneous as well as on farmers' fields has 
led to non -popularisation . 

2. Disinterest of the farmers to take long term programme. 

G. Breeding and Health Coverage 

1. An-Oestrus condition due to malnutrition as a major handicap. 

2. Disinterest of the villagers to detect heat of the ir cow . 

3. Inability of the farmers to impose post-insemination restriction on the 
inseminated cows . 

4. Inherent poor productivity of local cows leads to disinterest of the farmers. 

H General Constraints 

1 Lack of confidence in extension agency among the farmers . 

2 Unhealthy attituoe of farmers towards development projects, eg o being 
subsidy minded and extravagant on social customs. 

3 Workshops on production technology are not attended by grassroot level 
extension workers and most of tt'l e usoful information is lost in the long 
channel involved . 

4 Activities of the Departm nt of Agriculture are input supply oriented rather 
than education orient d . 

Feed Beck for Research 

One of the objectives of th e project was to serve as a direct source of 
feed back to the research based on its experiepce . The gaps in various fields 
where probl m oriented research is needed are listed below : 

Land and water Manag m nt 

I. Collection of site speci f ic information on various factors affecting 
run -off peaks and volumes and erosion relationship. 

ii StudiAs on land and water management measures. 

2. Crop Husbandry 

i. Refinem nt of technology for aberrant weather. 

Ii. Technology for low and variable monetory inputs for marginal and 
small farmers 

3 Fodder Improvement 

Identification by re arch of su itabl varieties of cultivated fodders, perennial 
gra es and trees for fodder-fu I and fruits. 

185 



4. Farm Machinery and Implements 

i. Identification of bullock drawn seed-cum- fenilizer drill sUlteble for 
postrainy crop 

ii. Single bullock harness suitable for farm opera t ions in blllck oils . 

Conclusion 

The Indo-UK Dry Farming (Operational Research) Prol cl h s brought 
about many desired changes improving the rural farming and IIv stock of th 
Project area . Most of the available dryland agricul tural technology has been 
successfully tested and transferred under farming conditions w ith th lOt gr ted 
efforts of soil and water engineering. cropping programme. farm machln ry­
implements. animal husbandry and agricultural economics Tho exp II nce has 
also brought forth a number of suggestions on feed back research for modif ieD 
tion or development of appropria te dryland agricultural technology. 
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SUMMING UP 





THRUST IN THE EIGHTIES 

R. P. SINGH 

In the Seventies, the research programmes of the All India Co-ordmaled 
Research Project for Dryland Agriculture have led to c rtain justiflabl cl 1m of 
research achievements. The noteworthy achievements are 

i. The most efficient high yielding crops and varieli s for diff r nl a 10 

climatic environments of India have been identified. 

ii. Agronomic production practices ' OPtimum sowing time. w ed control. and 
economic fertiliser recommendations -have been work d out for II Ih 
major dryland crops. 

iii. Productive intercropp1ng systems havs been identified for incr slOg 
crop productivity per unit area. Mostly, these ystems compri II cereal 
and a pulse . 

iv, Where double cropping is feasible, appopriattt combination of r my nd 
post-rainy season crops have been found out, with emphasis on pull Or 
oilseed crop in the sequence cropping systems 

v. In case of delayed onset of rainy season. al ternate (short·duration) 
varieties of recommended crops or alternate crops to be sown are known 
for various dryland regions so that dryland farmers are now sured of 
reasonable productivity even in unfavourable ear.ons and complet. faIlure 
of a crop in a region can be prevented. 

As a result of these findings and con'iequenl recomm ndationl to th 
farmers. significant increase in crop productivity is now possible in Indian 
drylands. Taking into considerations the future r quiremenlS and gap. In 

existing knowledge in dryland agricultural crop production. the re earch informa· 
tion generated during the Seventies by the Dryland Project and th p perl 
presented at the Seminar have formed an excellent baSI for thorough di CUllion 
amongst dryland scientists for identifying research programmel to decide which 
are to be continued and which should receive more emph !II. Two bro d 
areas of research have been identified for major thru t '" the Elghtl s. Th y ar : 
1. Alternate land use systems for maximising income. and 2. Wate, harv Itlog 
and reuse for enhancing crop production. 
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Research programmes requiring emphasis are as follows 

1. Alternate land Use Systems 

I . Collection, introduction and evaluation of different tree and shrub species. 
as sui table components (for fodder, fuel, timber or fruit as the case may 
be) of the systems for various agro·climatic zones of th e country . 

ii. Optimum spacing for enhancing yields of both the components of a 
system. 

iii . Genetic improvement in tree characteristics for maximising the productivity 
of a system. 

iv . 'mprovem nt in genetic potential in yield as well as quality of grasses and 
legumes. 

v. Suitable management practices for efficient establishment and utilisation 
of pasture for enhanced animal production . 

vi . Incorporation of suitable pasture legume in the crooping sys tem for ex­
ploitation of symbiosis of crop, pasture and animal relationships . 

vii. Long term comparativd studies on the economics of alternate land use 
systems vis -a-vis dryland crops. 

z. Water Harvesting 

i . Intensification of studies on reduction of percolation and evaporation 
losses in the small tanks and dug-outs. 

ii . Detailed experiments on use of stored rainwater for improving crop 
production through life saving or supplemental irrigation, increasing crop­
ping intensity in rainy season cropping ereas, pre-sowing irrigation for 
post -rainy crops, growing fruit t r s cash crops in a limited area and/or 
fish cultur . 

3. Crops 

A. Crop Production 

I. Refinements in intercropping systems for increasing Land Equivalent 
Ratio . 
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ii. Refinements in sequence cropping system for increase in total productivIty 
of the system. 

IS. Crop Protection 

Control of parasitic weed slllg~ 

ii Control of perennial weeds. Cypefus and Cynadon 

iii. Studies on integrated crop protection (weeds. Insec ts nd dl ells 

.c. Crop Improvement 

i. Evaluation of crop varieties that meet the requirements ot Inl rcroppmg 
and sequence cropping systems 

ii. Evaluation of under util ised drought tolerant pulse crops (clu ler b ns. 
moth bean and hor e gram) for improvement in yield . 

iii. Breeding for determinate cultivars of pulse and oilse d crop of approprr t 

duration to match the growing season and to fll in 8S component of 
cropping system of a region . 

O. Crop Physiology 

i. Influence of dryland environment on leaf area and yl Id compon nl 
relationship:; in dryland crops. 

ii. Genotype and environmental factols on flower produc tion. abscIssion . 
fruit set, fruit abortion and final number of pods and grains per unit r 
in grain legumes. 

iii . Knowledge on inter -relationship amongst the pracesse of ymb,ollc 
fixation, photosynthesis and growth for increaSing legume productlvlly 

iv. Studies on pre-sowing sfled treatmen ts and morphophy iologlc char cl 
ristics for better adaplation of crops to envllonmental str 5 

.... Fertiliser Us. Efficiency 

i. Fertilizer response studies in : 

a. crops of graater commercial value 

b . intercropping systems 

c . sequence cropping systems with legume component 

d . conjunctive use of manures, fertilisers, crop residu s elC 

These studies need be super-imposed on mOisture con erv.tion and data 
on soil moisture and nutrition levels should be coli I d. 

il. Efficient use of fertiliser under ra iny and pol' rainy conditions . 
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iii . In specific areas. nutrients other than NPK have become limiting. especi­
ally for some crops This requires survey and experimentation for suitable 
recommendations . 

iv . Use of bio-fertilisers 

5. Soil, Water and Climate Resources 

i . long term experiments for assessing the effects Clf moisture conservation. 
nutrient supply and cropping systems on soil environment and crop 
productivity 

ii. Over-all effects of mulches on temperature. soil moisture and organic 
enrichment 

iii . Water u e by crops in relation to edaphic characteristics 

iv. Water balance calculations using rainfall and potential evapotranspiration 
data in conjunction with soil water storage 

v. Evaluation of soil cracking in vertisols and stoniness in alfisols in relation 
to their water balance characteristics 

vi . Studies on surface water storage on recharge of ground water 

vii. Development of rainfall-runoff models for small agricultural watersheds 

viii. Collection of micro climatological data on a few defined cropping 
systems. 

6. Agricultural Implements 

i. Development of prototypes of more efficient tools and implements for: 

a. Pr sowing tillage 

b. line sowing 

c. Inter row weeding 

d. Fertiliser placement 

Harve ting 

f . Post-harvest operations 

ii. Developm,,"! of suitable hand-operated or bullock drawn sprayer for 
application of herbicides and other plant protection chemicals 

iii. Improv ment in pulling power of bullock with aV6ilabie implements 
(harn 5S, yokes, design of harrow bl des etc) 
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iv. Tillage and energy studies lor various cropprng SYst ms 

v . Studies on minimum tillage 

7. Agricultural Economics. Operational Research and Treining 

i . Detailed economic evaluation of the opElratiooal research tri .lls at 
farmer 's fields and impact on dryland farming 

ii. Watershed approach in the operational research prOJects 

iii. Yield gap analysis and identification of socia -economic, operational and 
institutional constraints in the transfer of technology 

iv. Relevant research at the research farms on the basis of feed·back provld d 
from the Operational Rese arch Projects 

v . Providing consultancy and training support to the development agenci I 
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