PRt | 95

ANALYSIS AND EVALUATION OF TILLAGE ON AN ALFISOL
IN A SEMI-ARID TROPICAL REGION OF INDIA

[
o e b

,JL.P

NN ... oo

0000 0002 0699 NINGEN

VW av0l-03



Promotor:

ir.H.Kuipers, hoogleraar in de grondbewerking en de gronddynamica




_—

NN6201 5L

RIRLIGTHEEK
UER STELLINGEN
LAR DI UWHOGESCHOOL
WAGENINGEN

1.
Het grondbewerkingsonderzoek zoals verricht in Nederland laat zich
slecht vertalen met soil tillage research.

2.
Het is onwaarschijnlijk dat vooruitgang in de landbouwproduktie in
vele ontwikkelingslanden uitsluitend op kleine bedrijven gerealiseerd
kanr worden.

Ryan and associates, 1975. Socio-economic aspecta of
agricultural development 1in the semi-arid tropics. In:
Int. workshop on Farming Systems. pp 389-431, Hyderabad,
India. ICRISAT Nov 18-21, 1974.

3.
Bodemclassificatie is nauwelijks bruikbaar voor het voorspellen van
grondbewerkingsbehoeften.

4.
De bevolking van India is waarachijnlijk groter dan de natuurlijke
hulpbronnen toelaten, =zelfs onder de meest ideale omstandigheden en
net de modernste technieken.

Bowden, L. Development of present dryland farming systems.
In: Agriculture in semi-arid environments. pp 45-72.
Ecological Studies V. 34.

5.
Zero tillage als erosie bestrijdende maatregel is niet toepasbaar in
semi-aride tropen indien mulches een essentieel onderdeel zijn.

5.
Bij het beheersen van het onkruidbezwaar met mechaniache middelen
alleen, is handwieden in de plantrijen noodzskelijk en lonend.

Dit proefschrift

7.
De toepassing wvan het principe van grondbewerkingszones 1is een
uitermate geschikt alternatief wanneer weinig trekkracht beschikbaar
is.




8.
Het rijpadensysteem garandeert snelheid in en mnauwkeurigheid van de
uitvoering van opeenvolgende veldwerkzaamheden.

Dit proefschrift

9.
Het nauwkeurig op diepte zaaien verhoogt opkemst en opbrengst van het
gewas aanzienli jk.

Dit proefschrift

10.
In ontwikkelingslanden 1s selectieve mechanisatie een belangrijk
element van systemen welke meer voedsel produceren en meer mensen werk
bieden.

Giles, G.W. 1975. The reorientation of  sagricultural

mechanisation for developing countries. Agricultural
Mechanisation in Asia. 6(2):15-25, Autumn, 1975.

1.
Bij het vredesvrasgstuk is niet het kernwapen de kern, maar het wapen.

M.C.Klaij

Analysis and evaluation of +tillage on an Alfisel in a
gemi-arid tropical region.

Wageningen, 26 oktober 1983.
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CHAPTER 1
INTRODUCTION

This paper covers the research aspects of tillage experiments conducted at the
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in
India, during the years 1977 to 1981.

ICRISAT has a global mandate for; c¢rop improvement research of sorghum;
pearl millet; chickpea; pigeon pea and groundnut; for research in farming
systems; socio-economic constraints; and to communicate information by
conferences, training etc.

The tillage research was conducted within the frame work of the Farming

Systems Research Program (FSRP). The general objective was to investigate
pessibilities for improving soil cultivation measures to increase and
stabilize crop yields.
More specifically, minimum tillage methods suitable for small farmers were
evaluated in terms of their effects on soil, crop and weeds. Attention was
also paid to the effects of tillage, seedbed preparation and sowing methods on
crop establishment.

The literature research and writing of the thesis were completed at the
Seil Tillage Laboratory of the Agricultural University at Wageningen, The
Netherlands.



CHAPTER 2
THE SEMI-ARID TROPICS, A BRIEF GENERALISATION

2.1 THE SEMI-ARID ENVIRONMENT
2.1.1 Climate

The semi-arid tropical regions lie between the TJlow latitude zones of wet
equatorial climate and the belts of dry tropical climate centered on the
tropics of Cancer and Capricorn. These intermediate regions are subject to a
distinctly seasonal climate resulting from general circulation patterns of the
atmosphere controlied by mechanisms described by Arnon (1972), Cocheme and
Franguin {1967}, Krishnan (1975), and Webster and Wilson {(1971).

The seasonal swing of the weather is governed by the latitudinal movement of
the low pressure Inter Tropical Convergence Zone {ITCZ) which follows the
zenithal position of the sun. 1In the summer of the northern hemisphere, the
low pressure zone is sufficiently far north to pull air masses originating
above the ocean, over the continent. The resulting trade winds carry moisture
from the ocean and are commonly called monsoons.

As a result, in the absence of mountain ranges and great lakes, as is the case
in West Africa north of the equator, the amount of annual rainfall and
duration of the rainy season, generally decrease both gradually and
drastically when moving towards the dry belts. Closer to the equatorial zone
the two passages of the zenithal sun are more widely spaced in time.
Therefore, the dry seasons are much shorter and the rainy season shows a
bimodal pattern. However, there.are too many exceptions for this to be a
general rule (Webster and Wilson, 1970%.

The outstanding feature of the semi-arid tropical c¢limate 1is its high
annual potential evapotranspiration, which may be twe to four times the annual
rainfall. The average values are not at all meaningfull in the 1ight of the
considerable seasonal variation; on a monthly basis rainfall may well exceed
the potential evapotranspiration for a prolonged period of time,

A typical cycle of seasons is the following: 1in the beginning of the calendar
year Tlong sunshine hours, 1low relative humidities and strong winds boost
evapotranspiration to high rates, reaching their maximum values towards the
end of the hot summer. Typical values are 5 to 7 mm/day on a monthly basis.
Daily evaporative demands can be extremely high; a maximum daily open pan
evaporation of 19.2 mm was recorded in May 1975 at ICRISAT's research center
(ICRISAT ,1976).

At the onset of the monsoon, the maximum daily temperatures drop considerably
and the cooling rains increase the humidity level and cloudiness. These
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contribute towards pushing the evapotranspiration to dits absolute seasonal
minimum. On a rainy day the open pan evaporation has been as low as 1.7 mm,
but ;t can be as high as 8 to 10 nm during dry spells on a clear day (ICRISAT,
1976).

As the rains recede the daily number of sunshine hours increases and with it
the temperature. The  atmospheric humidity declines sharply, thereby
increasing the rate of evapotranspiration either to a secendary maximum or to
the level of the beginning of the year.

The annual mean temperature exceeds 18 degree Celsius and the monthly
variation is normatly less than 10 degrees.

Rainfall is erratic and the beginning of the rainy season is often
uncertain. Frequently, more than 90% of the total rainfall occurs during the
rainy season. There is an enormous variability in the rainfall quantities
within a rainy season, which may be interspersed with drought periods.

The precipitation itself is often in big, high-intensity storms and a major
portion of the total rainfall may fall in a few showers.

A precise geographical delineation of where a main semi-arid tropical

¢limate occurs, let alone 1its breakdown into agronomically meaningfull
subdivisions, is difficult and depends on the criteria used.
At ICRISAT, Troll's system of classification was used to define the bounderies
of ICRISAT's geographical mandate area (Kampen and associates, 1975). Troll
(1965) distinguished five regions within the tropics and classified the
semi-arid tropics as follows:

¥3: wet and dry tropical climates with 4.5 to 7 humid months
¥4: Dry tropical climates with 2 to 4.5 humid months.

During a ‘'humid' month vrainfall equals or exceeds the potential
evapotranspiration. The Y4 zone is subclassified intoc regions having summer
rains, and regions where rainfall occurs in the c¢ool winter season. The
fatter climates cover an insignificant part of the semi-arid tropics.

2.1,2 Soils

Ancient shields of crystalline rocks or highly indurated sediments of
pre-Cambrium age form the substrate of much of the semi-arid tropics of
West-Africa (Ahn, 1977}. Similar geological structures are found in
significant semi-arid tropical areas in the North-East of Brazil, Southern
Africa, Australia, and the Indian Deccan plateau {Bowden, 1977).

As a result of the absence of base-rich rocks, the derived soils generally are
low in plant nutrients; in particular nitrogen deficiency is widespread
{Henderson, 1979). In Africa (Jones and Wild, 1975%; Ahn, 1977; Richardscn,
1968) and India (Krantz and associates, 1975}, both nitrogen and phosphorus
are reported deficient.

Many soil classification systems were developed, mostly on the basis of a
specific purpose, such as the suitability and potential of cropping, drainage
or land use {Buringh, 1979). At least six major classificatien systems are
used 1in the tropics, each with its own terminclogy. The lack of a common
language impeded development of a meaningfull correlation between them, and

-3 -



THE SEMI-ARID TROPICS, A BRIEF GENERALISATION

worked against the transfer of important management findings from one area to
another (Sanchez, 1976). The most objective and comprehensive system, so far,
is the U.S. taxonomy system {Buringh, 1979; Sanchez, 1976).

Approximate correlations between the major systems used in the tropics are
given by D'Hoore (1968} and Sanchez ({(1976). The 1latter presents a
geographical distribution of the major soil types over the tropics.

Alfisols are the third most common soil order in the tropics, but they

are very prominent in semi-arid regions, where they were previously mapped as
Latosols, especially in West-Africa, India and Sri Lanka (Sanchez, 1976}. The
Ferruginous Tropical Soil is the most important soil type of the wetter part
of the West-African savannah, between the 500 and 1200 mm isohyet, while the
Brown and Reddish Brown Sails occur in the dryer Northern zone (Jones and
Wild, 1975, based on the soi) map of Africa after D'Hoore).
On the Indian Deccan plateau, Alfisols (Red Soils} and Vertisols (Black Soils}
are the predominant soil orders with a longstanding rainfed cropping history
{Spratt and Chowdhurry, 1978), with widespread deficiencies in the main
nutrients nitrogen and phosphorus {Krantz and associates, 1975).

Fertility problems are further aggravated by unfavourable soil physical
properties, in particular for the more sandy soil types. The inherently low
water holding capacity is a serious constraint for overcoming periods of
prolonged drought. Often, roots fail to penetrate the deeper layers, further
1imiting the chances of a continued moisture supply.

The top soil conditions are important as these largely determine the rainfall
infiltration and the capability to store temporarily rainfall in excess of the
infiitration rate. Unstable top soils break down under the considerable
impact of raindrops and rapidly develop a surface seal causing runoff and
erosion.

Upen drying, this seal develops into a hard crust, which may well prevent crop
emergence. When dry, the soils become extremely hard to cultivate with the
means and power available to the majority of farmers.

2.1.3 Traditional Cropping Systems
2.1.3.1 Major Crops -

The crops or crop combinations usually grown are Tlargely climatically
determined. The amount of rainfall and its distribution over the rainy season
are the major indicators of the potential length of growing season, unless the
temperature starts becoming a Timiting factor.

The s01l profile and surface characteristics largely determine the actual
length of the growing season.

A deep profile with good waterholding capacity, favourable conditions for root
proliferation, and surface conditions capable of maintaining high infiltration
rates, has the highest potential for safe cropping during the ratny season.
It will provide a fair water supply far into the dry season.

Conversely, in a shallow profile with physical properties impeding rooting and
infiltration the period of cropping is limited to the rainy season itself.
Moreover, the chances of a serious yield reduction or even complete crop
failure are much larger because Jonger drought-stress periods may occur.

Crop substitution and soil management can greatly improve crop production for
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a given rainfall and soil profile.

Important rainfed crops in India are discussed by Krantz and associates

{1975), XKrishnamoorthy (1975) and Chowdhury (1975). Sorghum and pearl millet
are the major cereals, grown on respectively 22.9% and 1l.6% of the total
cropped area. The grain legumes chickpea and pigeonpea are the most
important, occupying 6.3% and 2.3% of the area, respectively; groundnut and
cotton are the most prominent cash crops, taking each 9% of the area
(Chowdhury, 1975).
Important subsistence crops in the West African semi-arid regions are millets
,sorghum, maize and cowpeas {(Cocheme and Franquin, 1967). Norman et al.
(1979) presented similar data from a study in a MNorth-Nigerian region
ecologically similar to areas in many of West African countries. They found
sorghum and millet occupying 30% and 25% of the Tland respectively, while
cowpeas, groundnut and cotton accounted for 10%, 9% and 3% of the area,
respectivily. Kassam (1976) presented a detailed account of the ecology,
cultivation techniques, pests and diseases of major food, fiber and cash crops
in the West-African semi-arid tropics. A comprehensive review of the main dry
crops grown in the world, their economic significance, crop management
practices, pests and diseases, etc. 1is given by Arnon (1972),

2.1.3.2 Intercropping -

Intercropping is the practice of growin? two or more crops together in time
and  space. Andrews and Kassam (1976} distinguish four patterns of
intercropping: mixed intercropping which Tlacks any row arrangement; row
intercropping with a definite row pattern; strip intercropping with crops
grown in strips wide enough to permit independent cultivation but sufficiently
narrow for the crops to interact agronomically; and relay intercropping with
successive crops planted in standing crops.

The reasons for practicing intercropping are many, higher gross return
being the most important, with security and tradition other reasens given by
small farmers (Norman et al., 1979). The same authors observed in a number of
selected villages in WNorthern Nigeria a 27% higher annual Tabour input per
hectare in crop mixtures, but also an alleviated labour bottleneck. The value
of the crops was 35% higher, giving 28% higher returns per man-hour and a
higher, more dependable net return between 32% and 41%.

Jodha (1979) summarised data or intercropping drawn from village-level studies
conducted since 1975 by ICRISAT in six villages representing three
agroclimatic zones in peninsular India. Interregional differences in the
extent of intercropping depend on factors as irrigation facilities, type of
crops and soil management systems. To the extent that intercropping reduces
the weather-related risks, intercropping is a more popular system, in
particular with farmers who try to satisfy profit, subsistence and security
needs from a small parcel of land.

A multitude of crop mixtures is used, Jodha (1979) cliassified them into six
categories. Based on their share in total area, the three most important
categories are: mixtures of different maturity length to distribute 1labour
requirements evenly; mixtures of drought-sensitive and drought-resistant
crops to insurance against drought, with the option of benefitting from good
rains; and mixtures of cash crops and food crops to satisfy cash and

-5 -



THE SEMI-ARID TROPICS, A BRIEF GENERALISATION

subsistence requirements.

From the same study Jodha {1979) reported that the practice of
intercropping covers 35% to 73% of the gross cropped area, with 84 crop
combinations found in one village. Usually combinations of two crops were
found, but patterns involving five to eight crops were not uncommon.

Norman et al. (1979) observed that only 26% of the area involved single
cropping, the remainder intercropping with as much as 230 crop combinations.

2.2 SOCIO-ECONOMIC ASPECTS
2.2.1 Populations In The Area

Ryan and associates {1975} delineated countries, or areas within countries,
lying within the semi-arid tropics as defined by Troll. Semi-arid tropical
regions are spread over four continents with an estimated total area of 19.6
million square kilometer and a total population of 512 million.

As much as 48 countries or parts of their territories fall into the semi-arid
zone. The largest aggregate area is in Africa, where 157 million people or
30% of the total population live on 58.7% of the semi-arid area. The largest
area within a country is in Australia with 10% of the total area, but with a
mere 0.2% of its population. India, on the other hand, occupies 9% of the
total semi-arid area, which is inhabited by 260 million people or 51% of the
total population of the semi-arid tropics. Fig. 1 lists the most important
countries in terms of their population and size of semi-arid areas. These
figures reveal the tremendous population pressure on the resource base in
significant parts of the semi-arid tropics.

In India, the geographical area per head has dwindled to 0.6 ha; 1in Nigeria,
the most populous and densily populated country within the African semi-arid
. area, it is 1.5 ha. In fact, the population pressure on the land (marginally)
suitable for agriculture is even more serious since in the semi-arid regions
of India the average fraction of cropped area is estimated at only 57.2% of
the total area (Chowdhury, 1975)}. In the Sholapur and Bijapur districts on
the Deccan plateau, as much as 81% and B84% of the geographical area is
cropped, respectively (Ryan, 1976).

2.2.2 A Wide Range In Resource Endowments

The huge differences in population pressure on the land has serious
implications for the type of technology envisaged to increase agricultural
production. For densily populated areas, as found in India, technology should
be designed to increase land and labour productivity and make better use of
the ubiquiteous draft animals, while taking into account the capital scarcity.
On the other side of the spectrum are areas in semi-arid Africa where land s
still relatively abundant, but where animal traction is not traditionally
practiced and cannot be assigned a role in prospective technologies because of
prevailant diseases. In this situation, there seem to be opportunities for
labour-saving techniques and possibly mechanical innovations.

Whatever technological changes are considered, for their implementation the
infra-structural facilities which need to support them, have to be taken into
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Fig. 1. Developing countrize in the semi-arid tropical area, listed in order
of area and population. Adapted from Ryan and associates (1975).

consideration. A densily populated country, such as India, has a widespread
transport and communications network, large-scale fertilizer and pesticide
manufacturing capabilities and a sophisticated agricultural research network
{Ryan and Binswanger, 1980). The problems of access to fertilizers,
pesticides and repair facilities are much less urgent compared to the
situation in much of the African semi-arid tropics. African semi-arid
countries are much less densily populated and do not have such facilities,
which would require a much higher capital expenditure per head for expansion
ar maintanance .

2.3 THE CHALLENGE
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2.3.1 The Deterioration Of The Resource Base

During the last 30 years populations in many semi-arid tropical areas have
doubled and, because little increase of yield per hectare occurred during this
period, the necessary production increase was realised by expansion of the
cropped area. As a result ever steeper and more erodable lands were put under
the plow, and were frequently overcropped and overgrazed by an dincreasing
number of cattle. Forest lands were denuded at the expense of the productive
potential of the iand (Krantz et al., 1977),

The accompanying, continuing fragmentarisation of holdings tends to decrease
the average gross and marginal return on & per hectare base (Ruthenberg,
1975). Accelerated soil erosion rates aggravate the problems of 1low and
unstable yields and decrease the production capacity of the resource base. To
keep production levels up with the increased demands of a still fast-growing
population, expansion to even more marginal areas seems to continue unabated,
thus further eroding the production potential of the resource base {Kampen and
associates, 1975; Krantz et al., 1977).

2.3.2 Past And Present Dryland Research In India

In India, the earliest attempt to improve dryland farming on a scientific
basis dates back as far as 1923, when a dry-farming research center was set up
near Pune. In 1933, this center was transferred to Sholapur, the first of a
chain of four more centers which would follow. Thus, research was carried out
on s0ils representative of vast semi-arid tracts of the Deccan (Raychaudhuri
et al., 1963).

The so-called 'Bombay Dry-Farming Method' evolved from research focused on two
major facets: soil and water conservation, and agronomic practices.
Recommendations included practices such as contour bunding to conserve soil
and water, deep plowing for enhanced water infiltration and storage, the use
of farmyard wmanure, limiting plant populations and - adopting wider row
spacings, and interculturing (Joshi et al., 1980}. In spite of governmental
support in the form of subsidies and grants for the contour bunding, the
technology package was rejected by the farmers.

First of all, the maximum attainable return that would accrue from the
recommendations was a meagre 10-20% increase over the low average yield
plateau of 200-400 kg/ha, so that understandably, the technology failed to
catch the farmers imagination. Secondly, the construction of the bunds was
such that existing field bounderies were cut (Randhawa and Venkateswarlu, 1980
s ICRISAT, 1978).

The interest in dry-land research faded away, the attention was shifted to
irrigated agriculture.

During the sixties the 'green revolution' was triggered off with the
introduction of dinput-responsive varieties of wheat and rice. The yield
patential of these modern varieties was enormous, and the pace of adoption was
such that targets set by the government were overshot. In 1968-69, a target
of 2 million hectares was exceeded by 2.5 million hectares (Swaminathan,1970).
The quantum jump in wheat production effectuated in areas having an assured
water supply was a big step towards self sufficiency in India (Borlaugh,
1970); by 1971 a national reserve of food grain totalling 11 million ton had
been built up (Joshi et al., 1980).
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The mood of optimism to be able to become self-sufficient in food requirements
caused some concern in governamental circles (Swaminathan, 1970). It was
realised that the hitherto followed strategy to concentrate efforts to
increase crop production in water-assured areas, had been highly effective in
the endeavour to meet the nations food requirements. But an unchanged policy
would cause serious socio-economic problems, as it would further widen the gap
with incomes of dry-land farmers and would continue to 'create pockets of
plenty and islands of prosperity’ (Krisnamoorthy, 1971).

Furthermore, the rapidly growing population and the existence of a physical
1imit to the expansion of irrigation facilities, made a diversification of
research and development to include dry-land areas a necessity.

No less than 60% of the arable land, producing 42% of the nations food, will
continue to depend solely on rainfall (Krishnamoorthy, 1971). So, unless crop
production in these areas is improved both in terms of yield and stability,
one or more poor monsoons could still seriously deplete the nations food
reserves (Cummings, 1976).

In 1965, short duration hybrids and varieties of major dryland crops

became availablie for extensive field testing, and already large yield
increases were realised, also under rainfed conditions {Randahwa and
Venkateswarlu, 1980). For the first time, a real breakthrough in dryland
farming seemed within reach. The yield potential of the new varieties
provided a good basis for a renewed effort in the research and development of
a dryland farming technology that would be really attractive for the farmers.
Unfortunately the 'high-yielding' varieties did not spread beyond the more
assured rainfall areas in the semi-arid regions of India. The main reason was
that the standardized technological packages (ICRISAT, 1978}, neglected the
need for a more flexible approach to counteract the adverse effects of less
predictable environments. Secondly, the new varieties did not fit well into
the traditional cropping system, which for risk-minimizing rely on crop
diversification, particularly intercropping.
Thus, a lesson had been learned not to rely solely on improvements of
management or crop aspects , but to design a mix. In 1970, the All India
Coordinated Research Project for Dryland Farming was launched, The primary
objective was to develop cropping systems that would substantially improve and
stabilize crop production in various agre-ecological zones, within the
constraints and 1limitations specific for each zone (Spratt and Chowdhury,
1978). Twenty-three research units, partly existing centers at universities
and governmental institutions, were established throughout India. Recently, a
summary of ten years of experimentation was published {ICAR, 1982}.

2.3.3 ICRISAT and the farming systems research program

Parallel to the developments in India, and based on similar motives, the
International Crops Research Institute for the Semi-arid Tropics (ICRISAT)
came into being in 1972.
Its initial mandate was to serve as a world center for crop improvement of the
cereals sorghum (Sorghum bicolor Moench} and pearl willet (Pennisetum
americanum Leake), and the puTses chickpea (Cicer arietinum L.} and pigeonpea
(CaJanus cajan L. ). In 1976, the legume groundnuf (Arachis hypogaea L.) was
dded. ICAISAT's mandate further includes: development of farming systems;
research to identify socio-economic constraints and means to alleviate them;
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the communication of information; transfer of generated technology.

The recogniticn that a suitable technique was lacking for soil and water
management and crop production systems as primary constraints to agricultural
development in the non-irrigated semi-arid tropics, led to the dinclusion of
the farming systems research component. The Farming Systems Research Program
(FSRP) was set up and formulated its major goals as follows:

-to generate economically viable, T%abour intensive technology for
improving, utilizing and conserving the productive potential of natural
resources.

-to develop technology for improved land- and water management systems
that can be implemented and maintained during the extended dry seasons,
resulting in additional employment for people and better utilization of
available draft power.

-to contribute to raising the economic status and the quality of life for
the people of the semi-arid tropics by developing farming systems that
increase and stabilize agricultural output (Krantz et al., 1977).

Attempting to attain these objectives, the various disciplines working within
the FSRP are engaged in many activities. These include the assembly and
interpretation of 'base line' data; the organisation of an 1international
communications netwoerk to disseminate research results and obtain the
necessary feedback on its performance; research on management techniques at
the ICRISAT research center and selected 'benchmark' locations; training
activities; etc. An organizational chart is given in Fig. 2.

The concepts and rationale underlying the program's structure and approach,
are more extensively discussed by Binswanger et al. (1976).

Here, a brief reference will be made to the framework of research activities
on the ICRISAT center itself, because the tillage experiments were conducted
within this framework.

These research activities fall into two phases:

a. Research on production factors.
b. MWatershed-based resource utilization research.

Production factor research invoives applied or basic studies of isolated parts
of the farming system. Experiments in this category take place in all seven
subprograms and are mostly discipline-centered, but can involve more
disciplines. When positive results have been obtained, the improved part
enters the second research phase.

Watershed-based research is of an interdisciplinary nature, involving
investigation of concepts of improved farming systems on an cperational field
scale. In rainfed agriculture the only water available to the ordinary farmer
comes from rain falling on a given area. Therefore, small natural watersheds,
catchments, or drainage basins comprised of several field scale units, are the
focus of this type of research. The central theme is how to make the best
possible use of the seasonal rainfall. Resource development, field scale land
management trials, detailed water balance, etc. are studied. The watersheds
also form the testing ground where promising alternative soil-, water- and
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Fig. 2. Organizational chavt of the Farming Systems Research Program.

crop management technologies are integrated into improved farming systems and
simulated on an operational scale, wusing animal power. The systems are
closely monitored, gathering extensive data on waterbalance , crop growth,
pests and diseases, inputs of human labour, power utilization, fertilizer and
pesticides. At the end of each season, the input-output data are assembled
and reviewed for technical and economic evaluatian.

The tillage experiments must be seen in the context of the achievements
of the various dimproved so0il and water management systems that were being
develaped. Their succes and shortcomings, as related to tillage, form the
starting point of the experiments.

The tillage experiments were carried out within the Farm Power and Equipment
Sub-program, and fall in the category production factor research.
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CHAPTER 3

THE ROLE OF TILLAGE

3.1 DEFINITIONS AND OBJECTIVES

A s0i1 cultivation system can be defined as the complex of recurrent tillage
operations performed to create and maintain optimal conditions for crop
production. The creation of optimum conditions can be considered a short-term
objective concerning the present crop, while maintaining those refers to the
long-term objective of conservation of the resource base. It is difficult to
draw a line between tillage operations that serve the long-term and short-term
objectives, because they are strongly interrelated and way partly overlap.
Climate, soils and topography are important physical, environmental aspects
having a bearing on the cultivation system adopted. Of course crops, and
cropping systems that potentially can be grown, are also major determinants.
Since cropping systems are largely associated with the type and size of
production unit, a cultivation system and the ways and means to operate it, in
turn, depend on the technical options available within the unit.

To create and maintain optimal conditions for crop production raises the
question: which are those conditions that affect crop production, when are
those optimal, and how does tillage create those conditions? Obviously, this
is a complex wmatter. For convenience, the objectives of tillage are
subdivided into three broad groups: crop reguirements, management purposes,
and weed control.

The generally short-term objectives of tillage for crop requirements are
the most complicated and difficult to determine and evaluate. Tillage changes
s0il structure and aspects such as apparent bulk density , aggregate-size
distribution and soil strenght, can objectively be assessed. However, to
assess the beneficial effect of related transport processes of water, heat and
gases on crop growth, is much more difficult. Let alone to know when optimal
conditions prevail and how to maintain these. Also, the soil structural
conditions are transient, because the soil is continuously subjected to
climatologically induced forces. Moreover, optimum requirements for a plant
are very likely to change substantially during its life cycle from a tiny seed
to a mature plant. So, in the daily practice of farming, one is satisfied to
establish the critical Tlevels of s0il conditions. For instance, crusts may
prevent crop emergence, or rooting may be restricted by compacted layers.
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A good example in the category of tillage for management purposes, is the
seasonal Tlevelling or ridging of the land to facilitate irrigation and
harvesting. Whereas these short-term measures are clearly taken for
single-purpose technical reasoens, their enhancing effect on soil and water
conservation is less clear. Where water erosion poses a threat, certain
tillage wethods may enhance the infiltration characteristics of the surface
layer. The long-term objective is served if runoff is reduced and, thereby,
the chances of erosion damage. As for the short-term objective, the practice
may be beneficial for crop production because more water becomes available,
but yields may aiso be reduced due to waterlogging.

Last, but not Teast, is the importance of tillage for weed control.
Mechanical weeding in a standing crop is a tillage operation with a sharply
defined objective and a clearly visible result, but weed control cannot be
regarded separate from the other tillage operations. Especially when chemical
weeding is not feasible, the number and kinds of weeds deppends to a large
extent on the type and sequence of tillage operations normally executed during
the year.

Obviously, the broad, time-dependent objectives of tillage for crop
requirements, management and weed control cannot be met by a single
intervention. In practice, five groups of interrelated tillage operations are
distinguished (Kuipers, 1974). 1In the usual chronological order these are:

a. Stubble tillage , to take care of crop residues and weeds.

b. Primary tillage, the deepest tillage, performed to prepare the land for
the next crop.

¢. Fallow cultivations, to keep the land in optimum conditions for
benefitting from the period in which the land is free of crops.

d. Seedbed preparation, to create soil conditions which facilitate
planting and provide optimum conditions for plant establishment.

e. Husbandry, post-planting tillage, to facilitate crop growth (e.g., weed
control) and harvesting {e.g., earthing up).

These basic tillage operatiens can be regarded as building blocks of a
cultivation system. In general, not all operations are executed in one crop
rotation. Rather, some may be skipped, or some may be combined.

A schematic diagram according to Kuipers {1974} is presented in Fig. 3a. The
generally practiced sequence of operations, their relative depth, and
objectives are projected against a single crop's 1life cycle. Weed control
plays a dominant role for all tillage operations executed between crops.

It is rather interesting and elucidating to consider how these groups of
tillage operations fit into a typical semi-arid cropping season. Franquin and
Cocheme (1967}, who use monthly, mean evapotranspiration- and rainfall data to
delineate availability-of-water periods relevant for crop production,
designate various crucial periods on the basis of the dintersection of the
rainfall curve with those of the potential evapotranspiration (reference crop
evaporation) (ET), ET/2, and ET/10 curves (see Fig. 3b). The following
periods with their agronomic meaning are distinguished:

-the preparatory period, with a rainfall period between ET/10 and ET/2;
in this period rainfall is sufficient for seedbed preparation.
-the first intermediate period with the precipitation period falling
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between ET/2 and ET; this period is used for sowing and establishment of
the crop.

-the humid period with rainfall exceeding ET.

-the second intermediate period between ET and ET/2, when the crop
matures.

-the extension of the previous period {depending on the water stored in
the profile), during which the harvesting takes place.

Franguin and Cocheme discuss how the growth cycle of various crops is adapted
to the location-specific duration of these periods.

Here, the concept will be used to demonstrate the agronomic meaning of these
periods and, by overlaying the concept of Kuiper's crop phase-tillage

relationship, to help explain the tillage related problems of the semi-arid
tropics.

I’
°g ¥ STUBBLE
E3 CULTLVATION
gE OPERATION
DBJECTIVE: SEEDBED PREP. JOWING WEED CONTROL CLEANING
WEED OONTR %}[’) M RIDGING WEED CONTROL
ROOTBED PREP, CONTROL
CLEANING
N .
] : X
7] "
J o N D

Fig. 3. Diffevent groups cof tillage operations, their objectives and timing
{aj'ter Kuipers, 1974) in relation to a typieal water balance situation (after
Cocheme and Franquin, 1967).
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3.2 CONSTRAINTS

The seasonality of the climate and vagaries of the weather impose severe
lTimitations and vrestrictioens on traditional agricultural production.
Technical improvements, such as planting at the right time in optimal
densities, better weed control, soil- and water conservation measures, etc.
are prerequisites for improved cropping systems.

For the majority of farmers, even a few of these bDasic and well known
principles are difficult to put into practice because, for their basic field
operations, they have to make use of simple muscle-powered tools. The lack of
power is not only the immediate source of timeliness problems, but can also
lead to unsatisfactory gquality in the execution and results aof the following
operations.  Subsequent, secondary timeliness problems may be triggered off.
In particular, soil cultivation constitutes a power peak which, when not met,
may be felt until the crops are fully established.

During the dry season soils tend to become very hard. Only after pre-monsoon
rainfall has softened the soil to a sufficient depth, can preparatory tillage
begin. The first rains come in aggressive showers on unprepared fields, often
sparsely covered and thus unprotected. Rainfall intensities are often much
higher than the maximum infiltration rates, resulting in runoff.

By the time the fields have been prepared and sown, considerable guantities of
precious water may, as runoff have been lost for crop production. In general,
the erosive action threatens to affect the long-term productive capacity of
the resource base ,because soil and water conservation measures are usually
not taken. This presents a dilemma to the farmer, whose immediate concern 1is
to get his crops established. Many crops require early planting for maximum
yields, but preceding tillage is often needed to promote root development and
provide a properly clean seeded to keep ahead of the weeds. Late planting can
mean that the crop's sensitivity to drought, as it depends on growth stage,
does no longer match the expected rainfall pattern. In Senegal, piowing payed
off on a range of soils in 800 mm-rainfall areas, if sowing was not postponed
by more than twoe to three weeks (Nicou, 1970).

The establishment of a crop is a critical phase. The quality of seeding, in
terms of consistent metering and placement, leaves much to be desired in
traditional systems. In addition, on structurally weak soils a drought period
following planting often results in crust formation, impeding crop emergence
and contributing to wastefull runoff.

In the humid period, rainfall may well exceed potential evapotranspiration for
a longer period. Even on light slopes this may cause erosive runoff, whereas
in Tocal depressions crop yields are Tikely to be depressed as a result of
waterlegging.

The time available for post-harvest tillage is limited strongly by the power
constraint. When crop residues or manure have to be incorporated, there may
be too Tittle time, before the s0il surface layer dries out.

To sum it up, the farmer never seems to be able to keep pace with the
sequence: soils are hard; tillage is needed to plant a crop, but takes too
much time ; delayed planting on haphazardly prepared fields depresses yields
and increases weed problems; postponement of the earliest harvest date makes
post-harvest cultivation, in time for the following year, impossible. A1l the
while, the productive potential of the resource base is threatened as the
lands are exposed longer to erosion.
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New ways must be employed which use the farmers present resources more
effectively. It must be realised that semi-arid, rainfed farming is Yimited
by water and cannot economically support costiy practices (Henderson, 1979}.
In addition, the farm holdings are small. The average holding size, sampled
from six representative villages in the semi-arid tracts of India, ranges from
2.8-7.7 ha, with a high percentage operating on smaltler than average size
holdings (Jodha et al., 1977). The very size calls for 'yield-increasing
mechanisation' (Giles, 1975); for instance, use of a simple seed and
fertilizer drill combination in trials on farmers fields increased wheat and
maize yields by 12.5% and 40%, respectively, irrespective of the power source.
Giles estimated that in India 26%, 62% and 12% of the energy for agricultural
operations comes from human, animal and mechanical power sources,
respectively.

Economic tillage operations probably will be relatively shaliow, in particular
where hard abrasive soils may cause excessive wear and tear of tools.

Improved time- and energy-saving tillage systems have been developed for
capital-intensive farming. In particular, the zonal tillage concept is
promising in this respect, while it would also allow a more effective and
efficient use of the rainfall.

3.3 TOWARDS SOLUTIONS
3.3.1 From Conventional Ti1lage To Zonal Tillage

Larson (1964) suggested the zonal tillage concept for row crops, defining a
seedling environment (row) zone and a water management (inter-row} zone, each
with its own functions and requirements, depending on the climate, soil type
and crop. For the inter-row zone, soil parameters included micro-relief
(relevant to potential water storage capacity in micro surface depressions)
and plow layer storage (air-filled porosity at field capacity). Tillage
influences positively these parameters which largely determine cumulative
infiltration (Burwell and Larson, 1969; Johnson et al., 1979; Lindstrom and
Yoorhees, 1980}.

Johnston and van Doren (1967) added a third zone by introducing a traffic
zehe. In particular controlled traffic, e.g., fixed pathways across the
field, is receiving growing attention in modern mechanised agriculture, when
soil compaction is reducing yields. Randomly breaking up soil pans by
subsoiling will not improve rooting and infiltration, unless later traffic is
controlled (Trouse, 1979). Traffic control is very easily accomplished in a
bed and furrow system (Williford et al., 1974; Batchelder et al., 1974;
Parish et al., 1974). The beds are maintained at the same location each year
and remain uncompacted. In such a soil management system a considerable
amount of energy for primary tillage is saved each year, because less area is
tilled and less force is required to break the so0il in the uncompacted area.
As Williams (1967) has put it: ‘'Before the advent of the tractor we had a
form of minimum tillage,... We have come almost full circle in these days of
modern technology. Now we are trying to get back to the principle of planting
the seed and getting it up with as 1little disturbance of the soil as
possible’'.

The present situation in much of the semi-arid tropics is such that there is
no option but to disturb the soil to a very limited extent. The necessary
power for doing so is simply lacking. The controlled traffic concept,
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originally meant to save plentifull but costly power, has great potential for
increasing the effectivity and efficiency of the use of the limited power
available to the majority of small farmers.

3.3.2 The ICRISAT BBF-system

At ICRISAT a watershed-based approach of soil and water conservation is
advocated. The focal point of the watershed-based approach is the land on
which the rain falls. Contour bunding for soil and water conservation
purposes 1is common practice 1in India. Undoubtedly, well maintained bunds
deserve a place, as soil erosion is decreased on a watershed level. Often the
land is not levelled, resulting in substantial erosion and sedimentation
between bunds. Large quantities of water collect at the lower bund, which may
cause waterlogging problems in monsoon cropping systems. Besides,
infiltration of this water would bemefit only a small portion of the land and
would, therefore, hardly contribute to attaining higher and mare stable crop
production levels (Kampen and associates, 1975). Improved so0il and water
management systems aim at better utilization of the precipitation. This is
attempted in three stages:

a. Improving the infiltration of rainfall in the soil;

b. Conducting the runoff safely from the fields, possibly collecting and
storing it for future use;

c. Recovery from wells after deep percolatien.

The first two stages have the highest priority, both from a c¢rop production
and in-situ soil and water conservation point of view. Through the option of
the third phase, one enters the twilight zone between rainfed farming and
irrigation farming, though use of the water for supplemental or life saving
irrigation can still be considered to fall within the scope of rainfed
farming.

The objectives of the first and second stage, being contradictory in a
way, are both extremely important, although their relative importance changes
in the course of the season.

At the beginning of the rainy season and during the preparatory period, the
profile is dry and the average expected quantity and dependability of the rain
is stiil low. Therefore, maximum infiltration of the precipitation during
this peried is highly desirable.

The rainfall intensity may exceed the maximum intake rate of the so0il, which
will inevitably lead to runoff on sloping lands. In order to prevent runoff
from becoming dangercus, soil and water conservation measures have to be
taken.

Later in the season, rainfall may well exceed the evapotranspiration of the
crop, while the root zone is saturated. In this situation, not maximum
infiltration, but controlled and safe disposal of the excess water is needed
to prevent adverse effects of waterlogging on crop production.

Because of the erratic rainfall, there is not a gradual transition from the
pericd when maximum infiltration is desirable to the period in which surface
drainage becomes important. This means that a soil management system should
have built in both capabilities for most of the season.
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(BBF)-system of cultivation.

Maximum infiltration and safe disposal of excess water each require
different soil conditions that cannot easily be obtained through conventional
cultivation systems over the entire field. A cloddy, rough surface is needed
to catch the water and hold it temporarily, while channels to convey the
excess water need to be present.

The Broad Bed and Furrow system of cultivation (BBF-system), as developed at
ICRISAT, combines these two functions. The system is a special case of the
zonal tillage concept. It is schematically presented in Fig. 4. The raised
beds are layed out permamentiy at a 0.4-0.8% grade. The beds act as micro
catchment areas. The excess water drains into the 1.50 meter spaced furrows,
from where it is slowly and safely guided to a grassed waterway.

Clearly, this system is a compromise in that a balance 1is reached between
conservation of water and runoff. Where exactly this balance should be,
depends on the weight that should be given to either infiltration or drainage.
Factors such as expected rainfall characteristics, soil type, crops, etc.,
will have to be considered.

The BBF-system resulted from early experience in the watersheds. Up to

1974, standard 75 cm-spaced ridges were included as soil and water
conservation treatments. These ridges tended to slake down with the
disastrous cross-furrow erosion occurring during high-intensity storms.
Runoff had been higher than from flat cultivated fields. Similar
disadvantages of ridges are reported by Kowal and Stockinger (1973).
The BBF-system was first introduced in 1975 to replace the ridge system in the
Alfisol watersheds. Its performance proved highly satisfactory, breaching no -
longer occurred and soil erosion was reduced to acceptable levels. Because of
the additional advantages, in particular the greater freedom it offers in
plant row arrangements, it was decided to adopt the BBF-system for the
Vertisol watersheds as well.

Initially, the beds were made and maintained with the available
animal-drawn equipment. A single furrow apener, chained to a yoke which kept
the animals at a 3 meter distance, produced 1.50 meter spaced furrows.
Uniformity of +the beds was poor and, as a result, planting and fertilizer
application cperations were difficult.

Alternative machinery, better adapted to the soil management system, and
improved cropping systems were identified. The tool carrier concept seemed a
very attractive proposition. Various of such machines were evaluated at the
ICRISAT center. A vreview on the history of animal-drawn, multipurpose too!l
bars, their adoption, development and impact on agricultural development
throughout the world, s discussed by Bansal and Thierstein (1982). The
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'"Tropicultor' (Fig. 5) was found to be the most versatile and reliable
multipurpose machine {Thierstein, 1979).

A1 field operations done in the tillage experiments were carried out
with the ‘Tropicultor' tool carrier. Its use and performance in improved
farming systems is described by Bansal and Srivastava (1981). The tool
carrier consists of a frame on two pneumatic wheels, of which the track can be
adjusted infinitely within a 60-180 cm range. The beam can be adjusted with a
screw-type pitch adjustment, allowing for varying heights of draft animal
pairs. A variety of implements can be clamped on the rear-mounted,
square-sectional toolbar. Its height 1is easily adjustable in 5 cm steps,
Within this range, shanks for cultivator shovels and planter furrow openers
are infinitely adjustable, individually, so that the desired working depth can
be obtained. Lateral spacing is virtually free.

The toolbar with attached implements can be 1ifted and put inte work with a
mechanical spring-assisted 1ifting mechanism. A locking mechanism holds the
toolbar in either position.

The frame can accomodate two sitting persons, particularly usefull for
operations that require constant attention, such as inter-row weeding or
planting.

In addition, a cart body can be mounted and dismounted quickly, making the
machine suitable for transportation as well. This feature seems important,
because with it more work can be done on an annual basis. The economic
aspects of the necessary yield increase to pay for the machine, the
utilization rates, and its implications for the costs of depreciation, are
discussed for Indian conditions by Binswanger et al. (1979}).

Operational research bhas shown that the BBF-system satisfies the
overriding so0il and water conservation requirements, having many additional
advantages as well, Positive aspects of the BBF-system have been summarised
by Kampen (1979). He stated that the system:

reduces soil erosion,

provides surface drainage,

is adaptable to supplemental water application,

reduces soil compaction in the plant zone,

concentrates organic matter and fertilizer in the plant zone,
is adaptable to many row spacings,

can be layed out on a permanent basis,

is easily maintained with minimum tillage,

facilitates land preparation during the dry season,

. reduces power and time reguirements of agricultural operations,
provides furrows for the animals to folliow,

A =@ —h (P AT
. e o v e e e 4w

The items f through k in particular, are relevant with respect to tillage
operations. In the following sections, some of these advantages will be
discussed.
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Fig. 5. The 'Tropicultor' mulii-purpose toclbar, fitted for primary tillage
in the BBF-system.

3.4 PERFQORMANCE OF BBF-SYSTEM IN DEEP VERTISOLS
3.4.1 Production And Soil And Water Management Aspects

It is estimated that 15 to 20 million hectares of deep Vertisols in India are
presently kept fallow during the rainy season {Xrantz and associates, 1975),
Important reasons for this are related to the physical behaviour of these clay
soils. The Vertisols at the research center have a clay percentage ranging
between 50% to 64%, with montmorillonite as the predominant clay mineral.
Drying is accompanied by shrinkage; deep cracks develop during the dry
season. Cultivation demands much energy under these conditions; oan the other
hand, when thouroughly wet, the accessibility of the land becomes a probiem
and the stickiness of the soil virtually prevents any field operation.
Extremely Jow terminal infiltration rates, averaging 5 mm/day, have been
measured (ICRISAT, 1977).

The poor drainage, the difficulty to cultivate, and the resulting weed control
probiems force the farmer to adopt the traditional rainy season fallow.
During the rainy season, as often as dry spells permit, the fields are
shallowly cultivated for weed control, using the traditional 'Bakhar' or blade
harrow. As the rains recede, a post-rainy season crop is planted on
relatively clean fields and grown on a secure soil moisture storage, which may
be as high as 250 mm of available moisture.

Simulation of the traditional practice on part of the 'black' watershed has
shown, that it leads to considerable runoff and erosion. For instance, during
the 1975 rainy season it was estimated that only 25% to 30% of the rainfall
was effectively used by the crop. A runoff loss of 25% was measured and
around 30% of the rainfall was lost as evaporation and transpiration by weeds
(Krantz, Kampen and associates, undated}. Yields of cereal food grains range
between 200-600 kg/ha under this system.
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The performance of improved systems facilitating double cropping
contrasts sharply with the results of the traditional system. It was
recognised early that, in areas having a rainfall exceeding 750 mm, the
introduction of more effective land management techniques, in combination with
short duration crops, could make double cropping possible (Krantz and
associates, 1975).

In many years, sufficient moisture is available for intercropping, or
sequential cropping of a short-duration, rainy-season crop and a dry-season
crop. Examples are the intercropping of sorghum and pigeonpea, and the
sequential cropping of maize and chickpea.

After seven years of experimentation and experience on watersheds of various
soil management and cropping systems, a review was made by Binswanger et al.
(1980). The general conclusion was that crop cover reduces soil erosion often
to less than one quarter of that under fallow treatment.

The BBF-system reduces runoff under fallow conditions. Under improved
cropping systems, the BBF-system reduces runcff by at least 30% compared to
flat cultivated fields, giving a 15% higher gross return, and an additional
Rs. ©600.- profit per hectare. MAggregate yields can be in excess of 5 tons/ha
(ICRISAT, undated).

Double cropping is possible only when the first crop is planted in time.
As soon as the soil becomes wet, entering the field becomes difficult and the
opportunity to establish the first crop may be lost for a considerable period
of time.

Through the powerfull combination of improved soil management systems and
appropriate machinery wmuch of the traditional management problems are avoided.
The BBF-system is particularly succesfull in this respect. The soil of the
beds remains comparatively friable because of the controlled traffic, so that
primary tillage can be executed after harvesting the second crop. The
otherwise slack period can thus be used for tillage far into the dry season,
when draft animals are still in good condition. Occasional pre-monsoon
showers cause breakdown of the clods, contributing to making the seedbed.
Thus, 1ittle effort and time is needed to prepare and shape the final seedbed.
In anticipation of the start of the monsoon, only fertilizer application and
planting will have to be carried out. This is done separately, swiftly and
easily wunder dry conditions. Succesfull dry planting is subject to certain
conditions. Firstly, the seeds will have to be planted sufficiently deep to
prevent premature germination as a result of small early showers. Secondly,
rains that cause germination must be followed by sufficiently dependable,
life-sustaining rains. The seedling should be tolerant to early drought
stress. Thirdly, the damage caused by rodents should be within acceptable
limits {Krantz et al., 1977).

3.4.2 Tillage And Management Aspects
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