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CORSERVATION-EFPECTIVE PARMING SYSTEMS POR THE BENI-ARID TROPICS

S.A. El-Swaify

SUMMARY

Soil losses by erosion and water losees as unctrolled runoff
have clear and immediate impacts on farm productivity. The
interrelationships between erosional losses and productivity are
consistent and quantitatively predictable. Socil and water
conservation, therefore, is deeply relevant to ICRISAT's PSRP
mandate. A systematic conceptual framework for a research
prograr on soil and water conservation and management is outlined
in thia document.

The proposed research will consist of two major elements.
The first is to establish needed values of the inherent site
characteristics which enhance the erosion of soils 4in the B8AT,
i.e., base-line data for quantitative assessment of soil loss and
runoff potentials. The second is to dJdetermine, quantitatively,
the wmodifying influence of alternative management practices on
these potentials. Among these, we will give particular emphasis
to land and so0il treatments which impart long-term residual
effects through improved soil structural characteristics.

Certain important problems remain, and new ones arise, on
Vertisols; these should be investigated. However, the majority
of our management studies will be focused on Alfisols.
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CONSERVATION-RFPECTIVE PARNING SYSTENS FOR THE SEMI-ARID TROPICS

S.A. El-Swaify

I. INTRODUCTION

Conservation of soil and water is the key to sustained
productivity in any agriculutral enterprise. This is
particularly so in regions, such as the semi-arid tropics (8AT),
vhere wvater supply is 1limiting. Even under undisturbed
conditions, water and wind erosion hazards in the SAT may be the
highest of any agro-climatic zone. THis is Eri-:ily dus to the
lack of sustained vegetative growth during the dry season and
subsequent lack of protective cover at the onset of the wet
season. High rainfall erosivities and soil erodibilities are
added factors which increase erosion hazards in these regions,

S0il losses by erosjon and water losses as unctrolled runoff
not only reflect the inherent unproductive nature of  the
prevailing farming systems in SAT environments but themselves
lead to further deterioration of land productivity. One of the
elements of ICRISAT's mandate, therefore is to :

o DEVELOP IMPROVED FARMING SYSTEMS THAT WILL BELP
TO INCREASE AND STABILIZE AGRICULTURAL PRODUCTION
THROUGH MORE EFFECTIVE USE OF NATURAL AND HUMAN
RESOURCES IN THE SEASONALLY DRY SEMI-ARID TROPICS

This statement defines the scope of ICRISAT's Farming
Systems Research Program (FSRP)} whose primary aims are to:

o Describe and classify the agronomically relevant
features of the soil and climatic resources of

SAT.

o Identify the physical and biologicel processes
that largely determine crop performance in the
various agroclimates of the SAT and establish
basic principles that describe these processes.

o Develop production practices and systems of
farming that will result in improved, stable
food production by optimum utilization of the

SAT's natural resources.

0 Determine regional research priorities by
excution of simulation and modelling studies
based on climatic, soil, and cropping systems
At
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The ICRISAT 10-ye tr plan has identified as a priority ares
the development and refinement of alternative natural resource
management techniques Zor important SAT soils (1),

While soil and water conservation must not be considered as
an end in itself, it is deeply relevant to the carrying out of
ICRISAT/FSRP goal and priority objectives. A systematic research
program on Soil and Water Conservation which combines the
collection and assessment of resource base-line data together
vwith resource management for optimization of productivity and
which builds on the past achievements and present strengths of
ICRISAT is outlined  here. The framevork {s primarily
research-focused but recognizes certain service and
operational/demonstration acale activities as vital elements of
interaction with other subprograms within and without PSRP.

II. BROSION'S ROLE IN FARM PRODUCTIVITY IN THE SAT

The following discussion is primarily centered around soil
losses as a result of erosion by water. However, since overland
flow and surface runoff are requisites to erosion enomens,
erosional water Jlosses as runoff are aleo often implled. Wind
erosion is also determined by parallel factors to and produces
impacts similar to those of erosion by water.

II. A. Erosion Potential in the SAT

A global analysis of 8o0il erosion trends in different
climatic zones shows the major rainfall erosion hazards to lie
mainly in the tropics and subtropics. Within these areas, the
water erosion hazard is Jleast in arid zones where rainfall is
rarely capable of meeting vegetative requirements, saturating the
soil, and producing runoff. Wind erosion hazard, however, may be
severe in these areas. On the other end of the rainfall
specturm, erosion hazard is very high in the humid tropics.
Interestingly, however, actual erosion is usually negligible in
these locations due to characteristically abundant natural
vegetation, 80 long as this has not been disturbed by man. The
high erosion potential is manifested as soon as such disturbance
is imposed e.g. by deforestation. However, abundant water
supply favors rapid re-establishment of many forms of protective
vegetation,

With their intermediate rainfall amounts and distinct
seasonal distribution, the semi-arid tropics may well posses the
highest erosion hazard of any rainfall zone. Available schematic
representations for undisturbed conditions show erosion to peak
at about 750 mm of annual rainfall (12, Fig. 1). This may be
explained by the collective contribution of various factors.
Pirst, the SAT generally lack the abundance in water lufg&y
needed to sustain the permanent vegetation which provides
necessary cover for soil protection against erosion. The sparse
and fraqile vegetation remaining at the end of the dry season
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provides little protection against erosion upon arrival of the
rainy season. Secondly, there is some evidence that the leass
intensively weathered soils of the SAT, e.q. Alfisols,
Vertisols, and Entisols, are more erodible than those of the
humid tropics e.g. such as Ultisols, Oxiscls (7, Table 1l).
Among the additional likely factors is the highly agresaive
nature of rainfall in the SAT despite the short rainy season.

It is important to note here, however, that a full
quantitative analysis of rainfall erosion potential in the SAT
has yet to be done. A framework for conducting such an analysis
will be presented in section IV.

I1. B. Erosion Impacts on Land Productivity

For a thorough assessment of impacts, land productivity
should be considered in its wide context to encompass all the
benefits associated with the use of a defined land resource unit
or ecosystem. This may be best exemplified by a self-contained
or independent river basin comprised of catchment areas, down~
strear areas, and ultimate outlets to low-lying lands, estuaries,
or the ocean. Documentation, therefore, must integrate the
effects on all the sources and destination points of erosional
sediments. These are often referred to as on-site and off-site
effects. The failure to recognize all the effects collectively
is responsible for the lack of accurate determinations of
"soil-loss tolerances" or t-values, 1.e, those losses which
should not be exceeded in order for productivity to be sustained
indefinitely. Tilerable soi1l loss values (which will be
designated here as T.L.) are often used as a basis for judging
the serionsness of ongoing erosion and the need to undertake
remedial or control measures. There is a common tendency among
those land users whose jinterests lie in a small segment of the
ecosystem to be concerned only with the quality of that segment.
In contrast the policy maker or land use planner must consider
all effects simultaneously, for instance, erosion's effects on
soil productivity and sedimentation effects on the life-longivity
of reservoirs or fisheries, 1In this document, as we must, we
will restrict- our discussion to farm productivity aspects
particularly under SAT conditions.

"Resource-deprivation® 1s the Dbasic reason for the
detrimental effects of soil erosion on farm productivity.

As far as the soil resource 1s concerned erosion removes
valuable nutrients and organic matter, reduces the depth of
physically favorable "top-soil", reduces the overall soil depth
available for root profileration, diminishes soil-water and
nutrient storage and availability, exposes soil layers that are
chemically and physically inferior as a medium for crop growth,
and, in the long run, results in 1irreversible s0il degradation
and landscape denudation (7, Table 2).
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No net soil erosion is likely to occur from the farm unless
sediment is transported by overland flow. Implied in accelerated
srosional losses, therefors, are water resource losses as
unctrolled runoff. NWhere water supply is limiting, the and
subsequent lack of water entering as scil storage or as
replenishment to usable ground-water may lead to exaggerated
GIOU?htl; even in seasons with adequate rainfall. Therefore,
erosional losses of both soil and water must be considered as
equal causes of decline of the land'a agricultural productivity
in the semi-arid tropics.

I1. c. Conservation Effectiveness as an Index of farm
Productivity

Due to the collective contributiona of the parameters
discussed above, there is good reason to conclude that the
productivity of a farming system is largely dependent on its
effectiveness in conserving vital physical resources, i.s. the
extent to which erosional losses of wsoil and water are
effectively controlled, Interestingly, the reverse of this
statement is also correct as erosional losses are, in turn, also
dependent on productivity. Healthy and well managed stands of
vegetation display a higher efficiency in resource wutilisation
and provide more effective protection against such losses than do
poor stands. The consistent and predictable nature of the
erosion-productivity inter- relationships favors a proposal to
use “"conservation-effectiveness” as an index of the ovearall
productivity of the farming systems.

The Coneervation Effectiveness Index (C.E.I.) may best be
expressed as a ratio between "tolerable” loss (T.L.) ¥or 4 given
site, and erosion loss (E.L.) actually encountered or predicted
for the site under a defined set of management practices,

Thus, C.E.I. T.la (1)
E.L.

The index should be applicable to either s8oil or runoff
losses and its interpretation for a given site (with a designated
T.L.) would be based on the fact that its absolute value
increases with the effectiveness of imposed management.
Specifically, the system in place is conservation- effective if
the index is one or more (C.E.I. 3 1) and ineffective if less

than one (C.E.I. < 1}.

The utility of this concept to farm productivity follows
from the fact that a management plan which allows "intolerable”
erosional losses will produce continuous declines in productivity
and ultimate scil degradation. On the other hand, a plan which,
through manipulation of appropriate management parameters
n&xin?:es the control of erosional losses, will also likel
maximize farm productivity. Naturally, differences in soil an
crop tolerance limits will also be reflected by the index so that
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the more fragile the soil, and drastic crop response to thess
losses, the lower is the index for a given rate of erosion. Low
values, particularly < 1 call for urgency in imposing corrective
neasures.

A parallel arqument may be made for losses of water by
runoff. However, the difficulty in this case is to determine
T.L. values with view of those components of the water balance
equation which are critical to crop performance, ¢.g. 80il water
storage and recoverable seepage.

II. D. Short and Long Term Benefits

Much of the recent quantitative analyses of and models Zor
productivity dependence on erosion have originated in devaloped
countries, primarily the U.S§. The two most advanced among these
are the EPIC (erosion productivity impact calculator) and the
productivity index model (17, 28). A major conclusion of such
models is often that erosion impacts are small and very long-term
in nature; yield declines of less than 20% are often projected
after 50 years of above "tolerable" erosion. For example a 12%
decline in yield is projected for sorghum in a
cotton-sorghum-wheat rotation on Houston Black soil, a Vertisol
very similar to ICRISAT Center's Xasireddipalli series. Thia
despite a continuing annual soil loss of approximately 27 T/Ha.

It would be hard to get excited about such impact should
they also hold in developing countries. Certainly the validity
of the above arguments diminishes if this scale of projection was
indeed universal. However, it 18 not. Two components are
primarily responsible for the lack of sensitivity in productivity
response to erosional soil losses in highly technological
gettings. Pirst is that a continuation of the high current
management input levels for optimum production are aseumed in the
analyses. These levels are such that the farmer is annually
(8till) able to copensate for nutrient and water losses and to
restore favorable root-zone depths to meet his crop's
requirements. Por these he practices optimum fertilization (and
supplemental irrigation) and tillage. Second, and e ua11¥
important in the SAT, is that while changes in the capacity o
soi)l for water storage as a result of erosion are accounted for,
the runoff control element of productivity appears to be ignored
by these models.

When the small farmer of the SAT 18 considered as the focus
of concern, the above picture changes drastically. There is
indeed abundent evidence that effective erosion-control systems
in the developing countries, both in the SAT and elsevhere, have
very dramatic short-term benefits. This is predictable by the
fact that affordable inputs are low and, subsequently, soil loss
tolerances are small. This will drastically reduce C,E.I.
values and productivity. The gains from implementing
conservation measures, therefore, should be high and immediate.
Tn the SAT, both soil and water elements will contribute to these
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gains (15, 20 Table 3).

In~between the two extremes of highly developed and
subsistence farming, investigations for effective resource use
should enable users to make & realistic assessment of erosion
impacts. This requires the flexible setting of tolerance limits
:o as to allows for varying levels of necessary management

nputs.

II1. BOIL CONSERVATION PLANNIRG AND MARAGENENT OPTIONS

Land use planning which is based on both the soil's
attributes and limitations is requisite to sucoessful
agriculutral use. 8ince “prevention is better than cure®, lands
with high erosion potential should be developed for cultivation
only with great precautions; in the extreme natural forest
vegetation on steep slopes should not be at all disturbed.
Qualitative and quantitative estimations of erosion potential for
a given site are possible with the use of certain characteristic
data. Should the estimated soil loss for the site exoeed the
threshold value, above which sustainable soil productivity is
threatened (soil-loss tolerance), then land use wmust be
accompanied by preventive management practices., Clearly,
therefore, the setting of target tolerance values is a crucial
step in land use planning and must be made with a careful
consideration of all the impacts discussed earlier, particularly
changes in soil productivity. 1In the rainfed SAT, runoff losses
associated with soil erosion must be important components of
determined tolerance values.

IIXI. A. Rainfall Erosion Prediction and Control Parameters

Kinetic energy provided by rainfall and/or runoff 4is the
initial force in any erosional process resulting in the
detachment of soill particles from the remaining soil mass,
Transport of the detached particles to & nev destination
completes the erosion process. Clearly, therefore, factors which
enhance detachment or transport enhance erosion by water. These
may be summarized as:

o High quantity, intensity and long duration of
rainfall

o High volume and velocity of overland flow

o Poorly structured, slowly permeable, and easily
detachable soils

o Steep topography and long slopes

0 Sparse vegetative cover and/or insufficient
organic residue
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© Tillage practices and land surface configurations
that are inducive to a high volume and increased
velocity of runoft

These factors {nteract to collectively determine the
ultimate soil and water losses by erosion from a given field.
Ouantltltivclg. they have been combined in a variety of models
designed both to predict erosion, based on values determined for
each factor, or control erosion, based on the possible
modification of values for those factors that are amenable to
management.

Por the forms of erosion which are important in crop lands
{rill and 4{nterrill or sheet erosion), the universal soil loss
equation (USLE) is the most advanced -and tested model. This
equation has the form:

A = RKLSCP veens ()

and states that the scil loss (A, tons/unit area) are determined
by six factors; rainfall erosivity (R, erosivity units), soll
erodibility (K, tons/ unit area/erosivity unit), slope-length 'and
gradient (L, and §, expressed as dimensionless factors), cropping
management (C, dimensionless) and land practices/configuration
(P, dimensionless). The dimensionless factors are quantified by
using, as a base, a unit standard plot whose slope sateepness 1is
9% (8§ = 1), slope length is 22.1 m (L = 1), and which is strictly
bare fallow (C = 1), with straight row cultivation practices
directed along the prevailing slope (P = 1)},

The USLE is universal) only insofar as it identifies all the
parameters that determine the magnitude of Boil loss due to rill
and interrill erosion and, therefore, allows for manipulation of
appropriate parameters for erosion control. It has been
successfully applied to many locations within and outside the
U.S., but has alsc received considerable ministerpretation, and
therefore, misuse. The primary misuses of the equation arise
from attemgts ‘of various workers to utilize it directly outside
its intended scope (namely “adoption without adaptation®), a
problem which may be partially blamed on its name. To be
successfull¥ applied for soil loss calculations, the eguation
must use factor values specifically applicable to the site in
question and must be used on a long term basis in order to allow
the averaging out of irregular, temporal fluctuations in factor
values. Its applicability to single storm events or short term
trends is limited by the non-gstable and cyclic nature of weather,
particularly rainfall patterns (and thus R values), fluctuations
in antecedent water contents, surface conditions, and storm
characteristics (and thus K values), and variations in crop
performance within the season and between seasons (and thus C
valuea). There are certain other precuations which must be
observed when applying the USLE; perhaps most important is the
fact that the equation must be specifically modified to estimate
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sediment dnllvor{h from 80il loss data, to incorporate runoff
erosivity within the R factér when necessary, and to predict
short-cather than long-tera soil losses.

On the socio-economic side, the USLE is an insufficient tool
for implementing s0il comservation as it does not adress the
"non-technical® factors which clearly contribute to the problem
and act as conatraints against remedial measures.

The above limitations are not inherent only to the UBLE, but
to many models which followed suit. SLEMSA, the Soil Loss
Bstimation Nethod for Southern Africa (8) is perhaps the closest
rival, thou still far behind in testing and verification.
Specific modifications of the USLE have been and continue to be,
made Dby various workers to make it suitable for specific uses
which were not intended intially. The MUSLE (Modified Universal
Soil Loss Bquation) allows for estimating sediment deljivery for
single storm events rather than average soil loss on a long term
basis (14). However, the equation emphasizes runoff erosivity at
the expense of neglecting rainfall erosivity. Other uduptut!onl
attempt to extend the use of USLE to non-crop lands, such as
forest areas (4) for which parameter interpretations and
:gb-SIIIDQtQ[ components are distinctly different from cropped

elds.

The above limitations of the USLE not withstanding, the
integration of all the above factors in a single model to predict
and control erosion makes it amenable to use as an overall
conceptual framework for optimization of land productivity
through manjpulation of those parameters in the equation which
can be readily managed. This conceftuul framework is very
consistant with "watershed-based” planning of farming systems
and, indeed, provides an analytical base for such planning., An
analytical base is important for extending ICRISAT's valuable
experiences to new situations by quantifygnq the likely effects
of "adaptive modifications® on watershed performance.

III. B. Reguired Information

A close examination of the proposed framework reveals that
two sets of data are required for its utilizatjon. The first set
includes all the inherent site characteristics, namely the
rainfall (R), the socil (K), and topography (L, 5). The second
includes the management parameters whether pertaining to the land
management practices (P} or cropping systems (C). While
topography is frequently altered in land preparation for farming,
the ¢ and P factors must be emphasized on small farm scale as
they are clearly within the reach of the subsistence farmers.
This is particularly true for mild topographies such as those
which appear common in the SAT.

III. B. 1. Rainfall erosivity =-- The ability of a given
rainfall to cause erosion depends on its ability to both detach



soil particles and to induce sufficient runoff for transporting
detached particles. Rainfall kinetic ener (prf:lttl
dstermined by its quantity), drop sisze distribution, .ni
intensity are, therefore, the components necessary to quantify
rainfall erosivity. These being interrelated, it has become
convenient to develop empirical relationships directly between a
collective 0r0l1v1t{ index (R) and socil loss. The most
successfull indices have used storm kinetic energy (e.g. K.R. >
25, representing the kinetic energy of storms with a total rzain
exceeding 25 mm), or have combined this with some measure of
stora intensity (e.g. BI30, the product of storm kinetic ener
and the maximum 30 minute intensity). The EIJ0 has been teste
in many locations around the giobe and appears to have rather
wide applicability. Where rainfall is less intense, such as in
Hawaii, intensities over longer duration were found adequate for
replacing 130. However, the opposite’is true for locations with
intense storms as appears to be in the cass in the BAT areas of
Africa and Asia.

Because of difficulties and expense of obtaining direct
raindrop size distributions for various storms, sempirical

equations are often used to calculate storm kinetic energy or

K.B. (29). The most common of these is: .

K.BE. = 816 + 331 Log I (Pt-ton/acreinch) .oeue (3)

Bquation (3) is the U.S8. form in which I s the intensity
(in/hr). In metric units the equation reads:

K.E. = 210 + 89 Log I (tonne-m/ha. cm) ceear ()
in which 1 is expressed as cm/hr. For S§.I. units:

K.E. = 0.115 + 0.0873 Log I (megajoule/ha/mm) ..... (3)
in which I is expressed in mm/hr.

Because of the fact that drop size distributions have been
found to display no change above I = 3 in/hr, the maximum X.E.
values from the above equations for one inch of rain are 1074,
289, and 0.283, respectively. To our knowledge this empirical
equation has not been specifically verified for SAT rainstorms.

Several levels of rainfall erosivity information are
required for conservation planning. Pirst is the mean annual
value for the erosivity index which quantifies its total hazard
for the year. Second is the distribution of the index with time
during the year which identifies the most critical periods and

uvantifies the rainfall erosion hazard during each. Third is the
requency distribution for both storm and annual erosivities to
allow an estimatjon of probable maximum values for safe

congervation planning.

T, B. . 80il erodibility The soil's inherent

13
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susceptibility to erosion is determined collectively by its
textural, structural and hydrological properties. On the one
hand particle detachment and subsequent removal depends on the
sizes of primary and 'ocondar{ particles which make up the matriz
as well as on the stability of structural units. On the
otherhand, runoff occurance as a result of a given crainfall and
its effectiveness {n trauuporting detached particles depend
largely on the infiltzation and dra nngc characteristicas of the
soils. A high soil tendancy to form rills by the action of
overland flow also appears to increase susceptibility to erosionm.

K values, to be inherent to the soll, are experimentally
determined as the wsoil losses induced by a unit of rainfall
erosivity under the conditions provided above for standard unit
plots (L, 8, C, P; all » 1). Naturally, the dimensions of X
will depend on how R is expressed; with equation (3) K would be
expressed as tons/acre/U.8. EI30. These are the most coamonly
found units in the published literature.

Because K depends on soil physico-chemical characteristics,
its value can be predicted from appropriate, and simply measured,
parameters (7, Fig. 4). Furthermore, although a single X value
is usuvally assigned to a given soil or scil horizon, that value
represents an average condition which may not actually occur' at
any given point in time. Erodibility is, therefore, a dynamic
property which changes not only during the course of a year but
also over the long term. Some of these changes may be due to
natural temporal fluctuations in water content and surface
conditions, others reflect true, permanent, changes in soil
structural or hydrological properties. This is best exemplified
by irrigated soils which undergo an accumulation or removal of
exchangeable sodium with continued irrigation or application ‘of
amendments. The often noted increase in 80il erodibility
following forest clearing, however, may be an actual reflection
of reduced organic residue content which may be considered a
component of the C factor rather than soil erodibility.

The equations which have been most successful for predicting
the K factor wutilize strong correlations with particle size
distribution, aggregate stability and size distribution,
structural class, permeability, organic matter content and,
particularly for tropical soils, the relative content of
mineralogical and bonding constituents. The monograms and
predictive equations which have been formulated by various
workers for quantitative estimations of the K factor should be
uged with caution due to the limited data base from which most
were developed. K values derived by extrapolating predictive
parameters far outside the range used to develop the equations
are probably not valid. Experimental determinationa of these
values, therefore, must receive a priority in the planning phase
of a conservation program. Simulated rainfall is often employed
to accelarate the collection of such data and to assist in the
development of locally-applicable predictive equations or
verification of the applicability of equations developed

elsevhere (6, Fig, 5).
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111, B. 3. rorog:tfhic Parameters -- The effects of slope
steepness and slope length on runoff and soil loss have received
considerable coverage in the 1literature (19). It is often
presumed that these factors are the least site-specific among all
erosion causing parameters. Little data is avajilable, however,
to support or refute this contention. It is expected that soil
cgoctticlts would be important in dotcrnining the relative role
played by direct raindrop impact and overland flow in the srosion
of different soils. Bowever, it would appear that the
t:anato:lb111t¥ of existing L8 data s and large quite
acceptable (10). The major limitation {is that this ta s
experimentally-based only in the range of 3 to 18%; 5 values for
slopes below and above this range represent extrapolations of
data. This is true also for L values where slope lengths exceed
122 m. Clearly, wverification of the applicability of the
existing tabulations is necessary for the relatively flat lands
of the SAT as well as the steep lands of the hilly humid tropica.

111. B. 4, Crop cover and residue management -- The
combination of crop canopy characteristics, rooting patterns,
short-term residue and mulching properties, littering habits, and
long-term organic contributions to soil ltxuctura? development
are the primary components of the C factor. To compute this
factor one needs quantitative values for these components for the
cropping system under consideration during specific time periods.
This information is combined with the erosivity risk for each
period (see the R factor seasonal distribution) to arrive at a
characteristic, e.g. annual, value for the specific cropping
system. An effective conservation plan would be to manipulate
the sBystem in such a way as to reduce the C value to a minimum.
This may be accomplished through the selection and rotation ‘of
crops, intercrops, ground cover, residue, incorporation, mulching
or the timing of various operations, particular1¥ planting,
harvesting, and fallowing with respect to the significantly
hazardous erosivity periods. Of importance here is that the many
competitive uses of <crop residue in subsistance farmin

necessitate placing an emphagis on not only the quantity o

harvestable grain but also the total biomass produced by the

crop.

Por the same reason, a major new dimension in LDC farming
systems which are generally impoverished in residue return to the
80il, must be the role of supplementary plantings that are
primarily intended to provide a source of vegetative material for
C factor optimization. Past growing legumes, whether annual or
perennial will not only benefit erosion control but may also
serve as sources of animal feed, fuel wood, or soil nutrients.
Man agro-foreltrg schemes, for example, are intended to provide
such benefits (2, 27). among the likely legumes are Sesbania
sp., Leucaena sp., Stylothensis sp., and several others. The
manner in which such plantings may effectively contribute to
overall conservation effectiveness should be studied in relation
to overall system design. Por instance the shrubs may be most
effective when placed in such a way as to stabilize critical
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field sections, e.9. bunds, against failure under the pressurs
of excessive runoff. Where wind ercsion is problematic, shrub
selection and planting design should allow maximum protection.

In general, for low input situations, manipulation of the ¢
factor 1s considered much more feasible technically, socially,
and econcmically than onzinocring erosion control options. This
is particularly true in BAT agriculture where slope gradients
appear to be sufficiently low as to require minimal land shaping,
The role of agronomists and soil tert111t¥ specialists in
optimizing such manipulations cannot be overestimated.

II11. B. 5. Land management and lupgo:t practices -- Land
shaping, tillage, and installation of provisions for runoff
control and diversion, all are among the components which
contribute directly to the P factor. guantitltlvoly, its value
represents the extent to which soil loss from a defined land area
is reduced from the maximum which is generally expected for
straight up-and-down slope cultivation (P = 1),

Because land shaping frlcticcs may alter surface topography,
adjustments in L and § values are often necessary to accomplgy P
factor assessment for a full quantification of the effect of a
given land configuration. The benefits of contour terracing of
steep lands, for example, are explained by collective reduction
in the P and LS values.

I11. C. Runoff Prediction and Control

As indicated earlier, the factors which enhance per unmit
area 8o0i) losses by erosion and water "losses" as surface runoff
are virtually the same. These are rainfall characteristics, soil
characteristics, topography and relief, and the nature of land
use, particularly prevailing vegetation. The exact manner in
which these factors interact, however, has yet to be integrated
in a runoff prediction model equalling the USLE (or its
relatives) as a model for soil loss prediction. The problem is
further complicated the fact that the experimental data base
for empirical modelling allows for insufficient distinction
between surface and subsurface runoff from most monitored
catchments.

There are predictive approaches which range in scale from
the estimation of annual runoff volume to single-storm
predictions. Perhaps the most widely used is the curve number
method (24) which utilizes, as inputs, storm (or daily) rainfall
and catchment storage capacity which in turn depends on soil
vater content and retention characteristics. This method with
plentiful tabulations of supplementary data, is routinely applied
for runoff predictions by the USDA Soil Conservation Service,
The procedure divides soils into four hydrologic groups (A, B, C,
and D) in decreasing order of premeability and increasing runoff
generating potential. Three classes of antecedent soil water
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{dry, average, wet) are 81so utilized. Prevailing land use in
terms of vegetative cover and imposed practices are also
diatinguished. As for the USLE, the procedure needs calibrations
and adjustments for nev situationa to ensure applicability with
some gres of precision, For flat lands common to many AT
areas, a special emphasis should be placed on the important role
of surface depression storage in determining runoff quantity as
well as initiation time.

Peak runoff rates are 2180 predictable by various available
sodels. The most common of these ias the Rational Pormula which
utilizes quantitative values for rainfall intensity, time of
concentration, catchment area and overall infiltration
characteristics of the watershed (14, 24, 25). Predicting such
peak rates is necessary for estimating the quantity and duration
of maximum floods which have a high probability of occuring from
defined watersheds.

I11I. D. Sediment Delivery - Scil Loss Relationships

Soil material which is eroded within the confines of a given
catchment (gross erosion) is not normally fully discharged at the
outlet of the catchment (sediment delivery). This is due to ' the
inevitable redeposition of a certain amount of eroded sediment
within the wvatershed. The fraction of delivered to eroded
sediment is defined as the sediment delivery ratio., This ratio
is dependent on the characteristics, primarily velocity, of
runoff within the catchment and its subsequent ability to carry
and transport the eroded material over the full path to the
outlet. Bxieting data show that the ratio increases with
decreasing area of the watershed, finer texture of erocded
material, steeper topography and fewer drainage channels within
it, and with decreasing amount of (trapping) vegetation and plant
resjidues on the land surface (7, Fig. 6).

The USLE does not alone estimate sediment delivery; however
it can be modified to do so. The scale of experimentation
utilized to collect sediment loss data and determine model
applicability must consider the distinctions stated here.

III. E. The State-of-the-Art in the SAT (including ICRISAT's)

III. E.l. Rainfall erosivity -- The Central Soil and Water
Conservation Research and Training Institute (2, Pig, 2} has
published a tentative erosivity map for India which shows an
annual EI 30 contour value for Hyderabad and environs to be
214-250 U.5. EI 30 units. This quantity is small for an annual
basis but is considerable when the short rainy season is
considered. Por the reader's information, the highest annual
value recorded in Hawaii and West Africa is 2000, in the U.S.
mainland €50, and in India 1500. A seasonal breakdown and a
frequency analysis by storm or year are not included. A Dutch
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group (11) borrowed ICRISAT's rainfall records for a number of
years in the mid 70's and analyzed several rainfall intensit

parameters and computed average annual EI 30 values for ICRISA

Center and a few other SAT locations in Africa. Prench workers
(21) published an iso-erodent map for West and Central Africa
which included annual erosjvity data for several BAT countries.
El 30 values of about 290 and 410 were determined for Niamey and
Ouagadougou, respectively. Chances are that additional
information for other locations may be available in published and
unpublished literature. However, the bulk of data for ICRISAt
Center remain un-processed. Thia deficiency, not limited to
ICRISAT, extends to the very basic but important information on
d:op size distributjon and intensity characteristics of BAT
storms,

It is also evident from reviewing gvailable information that
a verification of wsoil loss dependence on rainfall erosivity
indices is yet to be done. Whether EI 30 is indeed the best
measure of erosivity in the SAT can be experimentally teated is
such a way as to allow full monitoring of rainfall, runoff, and
80il losses associated with individual storms. The effective
index which emerges out of these verification studies should be
the basis for conltructini iso-erodent maps, It must be computed
for periods that are sufficiently long so as to have statistical
stability. Should continuously recorded rainfall data be
unavailable, the index may be estimated from other rainfall
records which are more easily available. The search for
alternative indices should be greatly facilitated by ICRISAT's
strength in compiling and analylinq agroclimatic data for the
SAT,

I111. E.2. 8oil erodibility -- Avajlable literature reveals that

the maximum K value published for any soil is 0.69; the minimum

implying a completely non-erodible soil, 18 zero. The literature

also shows that among the important SAT soils, Alfisols,

Vertisols and Oxisols possess average K values of 0.4 or more,

0.3, and 0.1, respectively. No data is available for Entisols

but vertic Inceptisols may be slightly leses erodible than

Vertisols. It is emphasized here, however, that much of this
data is reported for temperate soils; experimental data for BSAT

80ils of these orders are Bcarce. In any case, categorization of

the soils at the order level of classification is clearly

insufficient as a basis for quantitative planning. Due to

ICRISAT's special emphasis on SAT Vertisols and Alfisols, the

following paragraphs will summarize relevant information for.
thege soills.

Por Vertisols the susceptibility to runoff inducement and
ercsion is determined by:

Shrinkage and swelling characteristics as
primarily determined by water content and
compaction history
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6 Particle size distribution characteristics

o Bxtent of self mulching, structural dc#cloplcnt.
and agqregate stability

© Sodic influences and subsequent infiltration
and drainage restrictions

Under dryland agriculture, Vertisols are quite receptive to sarly
wet season rainfall even when rather intense. BExcessive runoff
and erosion begin once the dry season cracks are closed and the
vater saturation deficit is diminished. Both are particularly
pronounced in locations where drainage is alow due to limitin

layers or spatial variability in physico-chemica

characteristics. Because of their relatively high contents of
active layer silicates (primarily, montmorillonite), Vertisols
are quite responsive to structural modifications efforts. The
timing of such efforts, e.qg, tillage, however, is extremely
critical to the quality of produced structural units for seed
germination or root proliferation. The clear success of the
broad-bed and furrow (BBF) design on Vertisols in the ICRISAT
agro-zone arises becauses this design allows favorable
structural, water storage and surface drainage in the soil (15,
20). Refinements in the design are required, however, to
accomodate wide wvaristions in 80il properties or rajinfall
patterns at new Jlocalities or long term structural changes in
existing ones, Such refinements may utilize manipulations in 1L,
S, and/or P factors to quantitatively enhance maximum water
storage with optimum surface drainage and tolerable erosion.
However, manipulation of the K factor through structural
modifications may also be necessary, e.q. international drainage
and cracking patterns may be Dbeneficially altered through
amendment applications,

Alfisols, at least those cultivated in the SAT, are
primarily characterized by the lack of structural development.
Responsible for this are the combined contributions of deficient
fine (clay-sized) particles particularly at the surface,
inactivity of the prevailing clay minerals (kaolin), and, with
prevailing cropping systems in SAT, the tendency to stabilize
only minute amounts of decomposed organic matter within the soil
mass. The increased clay content with depth (to form a
characteristic argillic horizon) often distinguishes these soils
from other "sandy" soils,(e.q. Entisols), On one hand, this
increased clay content is not sufficient to induce stable
structural formations; the content of < 2pm particles increases
from 12% in the surface to 8% in the argillic horizon of the
pPatancheru series at ICRISAT Center (a 30% to 50% content of
*active® clay is often presumed to impart favorable aqgrcgation
properties, 3, 23). On the other hand there is sufficient fine
fraction to contribute to surface sealing and increased surface
runoff when lower layers are mixed with surface layers in ridges
and exposed in furrows by inverting type tillage operations (20).
The enrichment of surface layers with coarse particles is assumed
to he the result of clay migration with percolating water,
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termite activity, and/or wselective erosion of fine particles,
Pig. 7 shovs ono'oxanple of soll texture-structure rolgtionzizg.

(23).

A major consequence of llcking or non-stable aggregation {a
the tendency of the soil to display rapid asurface sealing
following rainfall and crulting with subsequent drying cycles,
This “crusting® often extends deeper than the immediate soil
surface with the result being a consolidation of the soil profile
(slumping) to a depth vhich is determined by several factors. It
would appear, that the mineralogy and particle size distribution
of many of these soils is such that easy slaking, maximum
cking, and easy compaction are favored. The rimari
E:olin?tic nino:aiogy T: teported to include varying qKantitiiz
of 211 clays. The lack of success in.managing these s0ils under
rainfed conditions, particularly by use of ridges or BBF, may be
explained by:

o Instability of surface structure and subsequent
surface sealing and crusting which on one hand
induce excessive runoff even early in the season
and on the other hand directly effect seedling
emergence.

o Possible localized droughts in the seed environ-
ment, e¢.g. in ridges or beds into which water
entry is restricted by surface sealing,

o Weakness of installed land configurations, easy
failure of ridges or beds, and excessive concen-
trations of induced runoff in the furrows which
then undergo tilling and exaggerated erosion.

o Insufficient depth of the s0il zone available
for optimum root proliferation; this reflects
mechanical impedence problems which are overcome
only temporarily by tillage, and lacking water
storage qualities as the soils generally are
shallow and drafn quite freely.

¢ Stoniness appears to be an occasional deterrent
to effective land preparation.

It would appear that modifications in BBF or alternative
systems should recognize these limitations of SAT Alfisols and
should emphasize the structural build-up required to render long
lasting tillage benefits. An optimization of the system as a
whole should also recognize the importance of seepage capture for
long term stability in the water supply for supplementary
irrigation, Surface capture in tanks is generally inhibited by
excessive seepage and its short term nature reduces its
usefulness when it is really needed, i.e. during dry periods
M.
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111. B.3. Topography and Jand management -- It would be safe to
state that quantitative evaluations of slope steepness (8), slope
length (L), and land shaping (P) factors in the BAT are meagre at
best. It remains to Dbe seen whether results of the many past
experiments at ICRISAT Center for both Alfisols and Vertisols may
be amenable to such evaluations. Among the availabile data, the
effectiveness of tied ridrtng in MWest Africa (Alfisole?) s
demonstrated by its assigned P value of 0.1-0.2, re-inforced
ridges vere assigned 0.1 (3, 21). Relatively recent experiments
on ICRISAT Alfisols indicate likely residual benseticial effects
from, “split strip", plowing (section IV, B.3.). Little data
are available, however, on the aystema's conservation
effectiveness.

111. B.4. Cropping Systems -- Although values for the C factors
for SAT c:orp ng systems are general { lacking; good estimates
nay be possible by utilization of existing documentations of
canopy characteristics, both for scle czopfing and intercropping,
littering and rooting habits, and residue management. The
literature is quite rich with data on C values for such a wide
variety of crops at such different agro-climatic zones that
reliable values can be derived from similarities in crop
morphology, growing habits, and annual rainfall erosivity
distributions. Por specific crops and combinations at ICRISAT
Center, considerable historic watershed data have been collected
and these may be utilisable for direct assessment of soil loss
ratios and quantitative protective effects against erosion.

IV. GOAL AND OBJECTIVES

The goal of this sub-program is to maximize the productivity
of land through reduced erosion and effective conservation of
s0il and water resources in the semi-arid tropics, Our
objectives will be primarily to:

A. Quantify the rainfall erosion potential of
major SAT sofls based on inherent climatic,
goll, and topographic characteristics.

B. Determine, quantitatively, the effectiveness
of alternative land uses, cropping systems,
and management practices in controlling the
losses and maximizing the utilization of
soil and water resources.

‘C. To integrate the above with other relevant

information for use in developing optimum
farming systems for the semi-arid tropics,

V. peopngen pPOROACH AND RESEARCH PLAN
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The above discussions indicate that a systematic research
program of soi) and water conservation should aim to provide two
quantitative sets of data. The first is a baseline set which
quantitatively defines the absolute gotnnttll of the inherent
site characteristics to interact and dJdetermine erosion hasard.
The second is a management set which defines, again
quantitatively, the ability of alternative land management and
cropping systems to »odify the above hazard within an overall
plan for optimising the productivity of the farming system.

The question of scale arises at this point. Bxperiments
which aim to determine absolute values for runoff and erosion,
must be conducted at a scale which allows both processes to
express themselves realistically as in the field situation.
However, the scale should be small-: enough to allow careful
manipulation and analysis of necessary components. It would
appear reasonable that the size of field plots for our studies
should center around the unit plot of the USLE (22.1 m length
with a width of 2 m or more). However, a combined evaluation of
several components in integrated experiments will require larger
plots or even small watersheds.

Some compromises in approach and scale may be possible
during early evaluations of management options where relative,
rather than absolute vaues are sought, For 1instance, rainfall
simulation on very small plots (» 1 m 2 Fig., $5) looms as a very
attractive method for examining such treatment effects as
tillage, structural mwodification and wmulching, or the role of
seal or crust formations in determining the infiltration-runoff
relationships. The eavings in time and expense of using small
plots can be considerable. In addition, sound experimental
designs with sufficient statistical replications can imposed
to allow for spatial and temporal variability and the accurate
assessment of treatment differences, a matter normally considered
quite difficult on large field plots or watersheds. Ultimate
verification of management effects, however, must be performed on
a realistic field scale and in the presence of pertinent cropping
variables.

V. A. Baseline Data for Assessing Erosion Potential

The purpose of this research will be to establish
quantitative values for inherent site characteristics, namely
rainfall erosivity, soil erodibility, and topography
(slope-gradient and length) as causative and predictive erosion
and control parameters. Two "master” sites have been designated,
one each on an Alfisol and a Vertisol. Specific experimental

conditions and data collection requirements are:

1. Continuous rainfall records with storm
analysis capability down to 0.25 mm and
5§ minute increments. FPortunately, while
such records must be collected during the
course of new experiments, historic data
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may be available for long-tera erosivity
analysis at ICRISAT Center and elsevhers.

Soil preparation to maintain bare, cultivable,
organic residue~free, and non-consolidated
surface (fallow per USLE definition). Occasional
super ficial tilllgo {such as roto-tilling twice
a year) is required to meet these specifications,
Soils at each site should be subjected to basic
chemical, physical, and mineralogical
characterization.

Site selection to allow plot location on uniform
slopss with slope gradients and lengths

lying within the relevant zange for the specific
site. Preferably, included gradients and lengths
should bescattered aroun (the unitplot criteria of
9% and 22.1 meters, respectively. The deficiency
in existing LS data for slopes under 3% makes it
necessary that we, at ICRISAT, emphasize this range.
Slopes of 0.4%, 0.8%, 1.6% and 3.2% as well as
lengths of 12, 22, 33, and 44 m will be covered,

Laboratory facilities for gravimetric or turbidi-
metric determinations of sediment concentration in
collected runoff.

Records should be compiled for a minimum of S5 years
(20 years generally assures very improved stability
in climatic pattern variations).

To proceed with ccllection of new data we have already
installed inexpensive prototypes of runoff plots with which we
had previous success in Hawaii. Details on the design of these
plots are available elsewhere (6, 19, 24).

Data should be collected so that each storm or monitoring
period will be represented by a rainfall total, continuous
rainfall record, a runoff total or hydrograph, and a sediment
concentration (preferably fractional) in collected runoff.
Sediment concentration should be converted to soil loas per unit
area. Rainfall erosivit{ analyie from recording raingage charts
can be performed by a variety of methods. Most of these require
computation of storm energy and maximum intensity for defined
durations. While manual calculation of these values from
recording rainfall charts is relatively simple, a
computer-compatible digitizer would be necessary for processing
large amounts of such data. Interrelationships among erosivity
and soil loss for varying topographic conditions are the basis
for determining valid rainfall erosivity indices, calculating
soil erodibility, and establishing quantitative values for

topograpvhic parameters.



Page 4

V. B. HKanagement Alternatives

Within the USLE conoceptual framevork presented above,
management options are intended primarily for manipulation of the
crop cover (C) and land aupgort practices (P) factors. The first
wvould deal primarily with the attributes of various cropping
systems and the second with the varicus land configurations.
Bowever, it must be recognized that many soils in the BAT have
such poor structural and hydrologic properties that manipulation
of the erodibility (X) factor may also be sssential to overcome
some serious limitations (e.q. cracking of Vertisols and
crusting of Alfisols). Our intent, therefore, i{s to examine the
roles of all three of these nmanagement options in maximizing
conservation effectivensss and, therefore, productivity.

The experimental approach for testing management
alternatives will utilisze laboratory studies of soil structural
modification, micro-plot studies of promising treatments using
simulated rainfall, and intermediate scale studies on plots of
similar design tc those described above for collection of
baseline parameters (standard USLE plots). The role of
"watershed” scale research will depend on the extent to which
design inputs from the above experiments are ready for adoptjion.
Recommendatione for technical refinements on operational scale
watersheds will be the ultimate aim of these management studies.
It would be prudent if these operational scale watersheds are
managed as an integrated FSRP activity with continuous inputs
from all subprograms as equal partners.

V. B.l., Vertisols -- By and large the BBF technology which is
based on pre~monsoon cultivation and dry sowing to allow
double-cropping, graded beds and furrows to improve
micro~drainage in the seedbed and controlled macro disposal of
excess runoff, improved verieties, fertilization, an crop
protection is proving successful for dry-farming of these deep
soils. However, continued long term evaluations of the
technology and examination of alternative options based on
experiences elsevhere are necessary as, already, there are
difficulties which arise in specific (non-optimal) situationsi
Experiments should be designed to allow appropriate modifications
of the technology for extension to new Vertisol situations, e.q.
areas with substantially different rainfall characteristics or
with unique preferences for certain cropping systems. ICRISAT's
likely involvement in Sudan, is one such example.

Similarly, the wide differences among the physical
properties of different Vertisols need to be taken into account
for effective design of alternative land management systems. For
instance, 80ils with poor structure or igher contents of
clay~-sized particles may require shorter furrow length (L) and
more gl gradients (§) to allow for more effective surface
drainage the well structured or coarser textured soils.
AmenGment applicatiess mey be necessary to improve imtecrnal
Scainage. Changes in profile water storage in response to these



Page 25

modifications must ba verified to insure the continued adequacy
of water supplies for double Ccropping under BBP systema.

Bven in areas that are ideally suited for direct use of
existing BBP technology, there appear to bse emerging problems
vhich become pronounced only in the long term. The prominent
tendency of these soils to crack may be an asset during the early
part of the rainy season as cracks represent zeady rainfall entry
into the soil. Late in the season, however, these cracks appeat
to be detrimental to the growth of certain crops (vhether by
direct root damage or excessive water evaporation) and a
deterzent to animal trafficability for post season land shaping
operations. Cracking extent and pattern seem to related to
compaction history, e¢.9. furrows appear to display more and
wider cracks than beds or flat culture;  the problem increases in
older BBF systems. Portunately, swelling and shrinkage are
physical enomena  which are chemically aensjitive. The
contribution of even small amounts of exchangeable sodium
{suspected by the crelatively high pH rticularly in lower
horizons of these 80ils) to excessive swelling is well confirmed
for montmorillonitic soils. This is particularly true with the
slight electrolyte concentrations which prevail with rainfed
agriculture. The likely benefits of calcium rich samendments to
the structure of these soils, and subsequently the K factor, dre
well worth investigating. Mulching and organic residue
incorporation should contribute to long term structural
improvement.

Other than the above efforts, it is our intent to {invest
less research effort on the management of Vertisols than on

Alfisols.

V. B.2. Alfisols -- Alfisols in the humid tropics appear to be
more amenable to mansgement for sustained agricultural
productivity than those in the drier regions, e.g. the SAT.
Much success has in fact been reported with minimum tillage,
generous residue inputs (e.g. mulching) and, necessarily, heavy
dependence on herbicide use within the cropping systems (16).
Unfortunately, sustained vegetative activity and crop growth on
SAT Alfisols is hampered primarily by the poor physical
properties mentioned above, particularly the weak structute and
meagre water storage in the profile. Modifying the land surface
congiguration and/or characteristics of portions of the root zone
by conventional means appear to have only limited and short-term
effects due to the extreme non-stability of soil structure. Por
instance, bunds, ridges, or beds fail quite readily when
subjected to even moderate runoff events following rainstorams.
Seals and crusts reform immediately following rains, It is
doubted whether direct rainfall impact is even necessary for this
to take place as the structural units are so weak that incipient
failure may occur by mere wetting of the soil mass, e.g, from
ponding or  runoff. In a similar manner, & progresaive
consolidation of the root-zone is easily attained during dry
periods which follow rainstorms, even when ainimal external
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energy is t:golod for compaction. Deasiccation effects in the
soil are ¢ collective result of these phenomena which enhance
high water losses by runoff and evaporation. In addition, the
ultimate distribution of infiltrated water is often quite poor.
Por instance, the fev centimeters of soil just below the surface
crust or seal may undergo excessive drying as a result of high
evaporation and suction gradients experienced by this soil szone.
This worsens the overall poor water storage characteristics of
the soil profile.

The proposed managemsnt studies on SAT Alfisols, therefore,
will aim at manipulating the P, C, and K components as explained
below. Supplemental irrigation studies aze critical to the
overall research strategy on these solls but will be discussed
seperately in section V. C. .

V. B.2.a. Primary tillage -~ Aside from attempting to overcome
crusting problems and optimize the configuration of the land
surface for maximum runoff control, the creation of favorable
80il zone for root profileration which remains stable over
several seasons looms as an object of high priority for Alfisols.
Several options present themselves in this connection, some are
animal draft based, and others involve the use of mechanised
tillage implements. The fact that N-mineralization has often
been assumed a component of tillage benefits would require that
N- fertilization become a deliberate part of the experimental
design (SPC Link). This is particularly sc where residue
management is a variable.

Much research on primary tillage has been done during the
past several years at ICRISAT, AICRPDA, and IRAT (West Africa).
ICRISAT efforts have concentrated on tools designed to suit the
BBF animal drawn implement carrier (Tropiculteur). A ptomisin!
tillage technique to emerge with this is the “"split strip
technique (13). This is a BBF system in which three passes are
used to impose a more intemsive tillage than standard plovlng.
The first is to split the bed, and the others to strip plow it
throughout its full width. Among the apparent benef its
attributed to this system are higher millet yields, and longer
lasting effects than conventional tillage. However, with the
very limited trials to date, it has not demonstrated clear-cut
benefits over standard tillage and cultivation from the soil and
water conservation view-point. We intend to closely examine this
method for Alfisols when animal draft is the source of power for

tillage.

A major limitation of animal drawn implements is the limited
depth to which tillage is performed even with optimum soil
moisture conditions (15 to 20 cm maximum). While t may be
possible to provide a good quality seed-bed with such systems,
this depth is inadequate for providing a sufficiently deep zone
for optimal root proliferation in poorly structured soils.
Serious consideration must be given, therefore, to
experimentation with tools that are capable of effecting deeper
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and more intensive tillage. While this may appear to contradict
the °"small farmer" amandate, it is consistent with the CGAIR'S
endorsement of the TAC's first priority objective of “ensuring
adequate food supplies in the develo 1ng world®, Bhould the
optimization of production through mechanized tillage become
viable technically on Alfisols, the potential for actual
utilization of this techrnol on large scale will remain to be
seen. It is relevant to indicate here that, in addition to the
likely technical advantages of mechanized tillage, there exist
clear timing advantages under dryland agriculutre where the
competetive demands for various operations (plowing, planting,
weeding, etc) peak together within the short time porfod which
follows the early showers of the rainy season, Por instance, the
high power outputs may make it possible to introduce preseason
ploving or allow faster achievement of . these operations should
they start, as now, after the early raina of the season.

We propose to initiate experiments aimed at evaluating the

congnrltivo benefits of alternative intensive mechanized tillage
methods to crop yields and runoff-soil loss relationships.

V. B.2.b. So0il structural modifications -- It would appear that
generating a favorable soil structure which is stable over a full
season or more is key to effective management of BAT Alfisols.
Such cannot be achieved simply by crust breaking, intensive
tillage or even surface mulching alone, In the shozt term,
actual incorporation of organic or inorganic amendments which are
effective in a direct reduction of water losses by runoff and
evaporation as well as enhancing interparticle bonding and
maintaining favorable and stable aggregation will be needed
(modifying the K factor). A number of easily accessible and
inexpensive inorganic industrial by-products loom as likely
inputs to achieve rapid Dbenefits to soils structure. Organic
counterparts will be sought. Soil “conditioners”, however, will
not be emphasized as economic analyses have repsatedly shown them
too costly for general agriculutral purposes. L

In the long term, a farming systems' design which assures
the maintenance of favorable structural conditions would be)
critical to the successful use of Alfisols. In the humid'
tropics, where these soils have more favorable structure, their
organic matter contents are often {n excess of 3%, The
incorporation of beneficial organic matter from a sustained and
reliable source within the cropping system would be the likely
means of achieving favorable soil organic matter contents in the
SAT. Commonly employed options in many farming systems include
integrating a rapidly growing "green manure® and/or crop residue
components in the cropping cycle.

The sources of organic matter for this purpose must be
carefully investigated because of their apparent general scarcity
in the cultivated areas of the BSAT. This and the many
competitive uses of crop residues may be deterrents to
investigations of their value to soil structural improvement.
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However, since the Dbenefits associated with such rovement
remain to be quantitatively demonstrated for Alfisols, such
investigations should net be dismissed out of hand. The
trade-offs between residue losses to fodder or fuel use and
possible yield gains may not be so favorabls in the short run but
may be clearly beneficial in the long run.

Including, in the cro ing cycle, plant species specifically
intended for enrichment of soil organic matter appear to warrant
strong consideration by PSR. As discussed earlier, rapidly
growving tree species are prime candidates for this purpose. Por
maximum compatibility with “subsistence® cropping systems,
leguninous species should be of advantage. Por instance, certain
species of Acacia and Leucaena are currently being promoted
"agro-foresters® as a means of meeting fodder, fuel, and “green
manure® demands in many farming systems. In addition to nutrient
cycling and improving soil structure, their benefits will extend
to direct protection against loss and runoff control. Eome
non-legumes, e.g. Napior grass have besn shown excellent
performance when used in strip~cropping schemes for this purpose.
The extent of these contributions will depend heavily on the
extent and placement of the introduced species in the cropping
systems. Por instance, they may be strategically situated to
protect field bunds against erosive runoff, to reduce water
inundation of poorly drained areas, to act as wind-breaks, etc.
A high degree¢ of mixing of tree species with the usuval annuals
would also favor long~term improvements in the soil due to
natural actions of roots and continuous inputs of litter, etc.
Deep rooted species, therefore, should be preferred,

Another means of enhancing the C factor contribution is to
modify existing cropping cycles so as to include cultivars with
prolific vegetative production and root systems. Minimization of
soil disturbance and, improved nutrient recycling may be a
benefit of introducing herbicide usage whenever possible in the
cropping cycle.

The short and long-term benefits of inorganic and organic
amendments and the evaluation of alternative sources for both
will receive a high priority in combination with our tillage
investigations. Soil structural changes will be evaluated
periodically by routine procedures.

V. B.2.¢c. Land surface configurations -- With the relatively
mild topographies which characterize many SAT soils (generally <
6% slopes), drastic changes in land configuration e.g. by
bench~terracing, are not generally necessary. Experiments have
been conducted for many years at ICRISAT and AICRPDA to test a
number of land configurations with occasional variations in
tillage (15, 20). 1In contrast to deep Vertisols, where clear
benefits were displayed by one configuration (namely the BBF
system) over others, results on Alfisols are inconclusive and
very much dependent on storm size and timing within the rainy
se son. Indeed BBF appears inferior to wseveral  other
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configuration (including the flat cultivation which is
characteristic of traditional practices) whether for oontrollin

runoff and soil loases or producing higher yields. MNarrow be

(ridge) and wave bed and furrow systems fared no better, Among
the trends which seem promising are likely benefits of contour
bunding in which provisions are made for surface drainage of
ponded water by special outlets in the lower slops, construction
of ridges within bunded areas during the last intercultivation of
the season, surface dust or organic muchling, intensive tillage,
frequent and shallow cultivation, and tied ridging or furrow

Purther experiments will be confined to the fewest
treatments which have the most promise. Whichever treatments are
selected, however, their influence shou}d be determined in the
long-term with view of the discussions in section V. B.2.b.
Clearly, as for tillage, the stability of imposed land
configurations require improved soil structural characteristics.
These three aspects of management, therefors, will be full
integrated in our future investigations to optimize the phyllclx
s80il conditions for crop growth.

V. B.2.4. Burface sealing and crusting -- Because Bseal 'and
crust formations in Alfisols may be effective inhibitors to
seedling emergence and inducers of runoff from many storms,
seeding on the sides of the ridges which are less prone to
crusting may be beneficial. Purthermore, where the crop allows,
furrow planting to utilize the water shedded from (sealed) beds
or ridges more effectively may be a viable alternative. The soil
zone right under the furrow will likely have more favorable water
content and less cursting sc as to insure better seedling
emergence and early stand establishment. This would be
re-enforced by the fact that progressive enrichment of sand-size
particles in this zone is likely as runoff moving down slope
removes only fine particles with it. 5tand establishment in the
furrows should contribute the added benefits of reducing runoff
and erosion. The good permeability characteristics of Alfisols
would likely disallow localized drainage problems in the furrow
zone as would be feared in heavier scils where raised bed or
ridge planting 18 of definite advantage. In addition, it is
expected that amendment treatments as proposed above (V. B,2.b.)
will reduce crusting problems and enhance free drainage in
selected field portions. This will be subjected to quantitative

evaluation.

V. B.2.e. Water supply for supplemental irrigation -- A major
feature of Alfisol management must be to satisfy their
requirement for supplemental irrigation. The need to continue
harnessing and storage of runoff water is obvious. Low cost
sealing techniques for sto:age tanks are yet to be developed. On
border-line rainfall situations which apfcar to prevail in drier
tegions where some Alfisols (and Entisols) prevail (e.q.
Botswana, West Africa), effective methods for runoff inducement
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from designated catchments for storage and use on limited land
areas is a subject of increasing lmportance. PBRP my wish to
engage in preliminary experiments to develop needed expertise in
this area. To allov mazimus benefits through the optimization of
the ratio of catchment to receiver areas, runoff wmodelling
efforts which emphasize the effects of alternative land
management practices must be intensified.

A major point of emphasis when considering water supplies
for Alfisols is the need to increase research efforts on the
potential for sustained use of underground water resources. This
vater source is important, and in fact occasionally utilized at
present. However, its importance will be further increased
should soil manipulation intended to wminimise runoff and
therefore enhance ep percolation . be successful. 8ince
Alfisols' profile capacity for water storage is limited, water
noving beyond the root gsone is lost to the crop unless it can be
captured for reuse in supplemental irrigation. Bimplified
techniques are needed for delineating underground water recharge
patterns, establishing the importance of percolation or pondin
tanks, defining lag-time with respect to rainfall events, an
predicting the stability of supply within the year for the
prevailing patterns of rainfall. There may also be occasional
questions of water quality for irrigation where salt intrusion
represents a hazard. The Economics Program has been lctivolx
engaged in an inventory of a large watershed near Aurepalle an
PSRP needs to start counterpart investigations to tackle these
water supply questions as an 1ntogra1 part of overall watershed
optimization efforts., Even with effective tank sealants, doubts
are always cast on the reliability of surface water supply
available for ltora?e durini drought periods in most year (22,
26). Therefore, it remains to be seen whether there is longer
term stability in the water supply from underground sources.

V. C. oOptimized Management of Supplemental Irrigation Water

Striking benefits have been reported from even a few number
of irrigations, alternatively called life-saving or crop-saving,
for both Vertisols and Alfisols at ICRISAT and elsewhere (15).
Unfortunately, in most BAT areas of concern, the lquly of water
which is normally available for use in irrigation is very
limited. Therefore, maximization of benefits from supplemental
irrigation is an important priority for conmplementing the
effective control of rainfall-runoff relationships through
improved land and soll management practices. Such maximization
must be achieved through increased water use efficiency by the
combined control of the timing, quantity, and method of
irrigation, Most of the ICRISAT is this area has been on
supplementary irrigation during the post-rainy season. Critical
drought periods are occasionally encountered during the rainy
season as well, particularly on Alfisols. Bupplemental
Irrigation during these periods can have remarkable benefits as
well. Information available from drought stress physiologists
will aggigt in determining critical growth stages for beneficial
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timing of water application. The applied quantity should
on 2011 vato:pplstatus and nvatilblo Supplemental .3;:!;?
Selection of the proper application method is the major factor
determining the use ctttcicnn{ of a given quantity of water,
concepts for SAT areas with limited irrigation water supplies
have emerged in recent years (3, 26).

Por both Vertisols and Alfisols, optimization experiments
based on the Limited-Irrigation-Dryland (LID) system will be
tested. This system utilizes reductions in planting density down
the slope of furrow shaped fields, in the presence or absence of
furrow dams (tied ridging), to eliminate or minimize runoff and
automatically maximize the benefits of applied irrigation water
in both wet and dry years (26). Water may be applied in
alternate or all furrows at rates which are determined to control
its advance down the furrows as desired; the emerging BSURGE
wmodification is an example of such control.

We propose to initiate experiments along this concept to
increase the use efficlency of supplemental irrigation water {n
conjuctive irrigated -~ dryland systems. In addition to
manipulation of planting density, other modifications of this
system may be amenable for ICRISAT's cropping systems. Exanples
are intercropping combinations which include shallow-roote. crops
near the furrow and deep-rooted ones far, (LID is currently used
on single crops, mostly sorghum) or planting crops with different
water requirements on the upper (conventionally irrigated),
middle (tail water runoff), and lower (dry land), sections of the
furrows.

V. D. Salinity and Sodicity Problems

There appears to be an increasing need to develop a means of
rapid quantitative assessment of saline, sodic, and/or water
logging conditions and their effects in locations of prise
concern to ICRISAT. This is particularly true where supplemental
irrigation is practiced using water of marginal quality. Also a
number of researchers in the crop improvement programs are
interested in one aspect or another of crop tolerances to
salinity or sodicity.

It would appear that adaptation of the four-electrode searth
resistivity technique for wuse in BAT soils is of strategic
importance. This technique, with horizontal Wenner arrays or in
probe configurations is capable of providing a direct measure of
bulk soil salinity, water table level and, when used
periodically, subsurface water and salt seepage patterns.

Sodic conditions may be encountered and can exert pronounced
effects on SAT soils and crops even at low levels of exchangeable
sodium percentage (E8P). This is due to the fact that {frequent
effective flushing of salts by rainfall results in very low
soluble salt concentrations in soil solution where agricultural
gystems are primarily rain-fed. Sodium damage to soil structure
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and "toxicity® to plants are most pronounced at low overall
salinity levels; ESP values of or less ocan exert guch
deterimental influences, particularly in structurally sensitive
soils such as Vertisols. Portunately, remedial actions use of
s0i) amendments are more fesmible sconomically the IOUOtb{ho B8P.
The need for and benefita of amendment application will be
dogo;linod jointly with the studies indicated in Sectiony.
'l L] .

VI. COOPERATIVE AND SERVICE ACTIVITIES

The distinction between coogorntivo and secvics activities
in our context will Dbe based on whether an experiment is
conducted within the framework of a jointly planned projsct or as
a routine determination within the framework of a project which
is planned independently. Both activities are vitllrlr important
for ICRISAT. [However, in view of the often urqon{ nature and
massive workload associated with sezvice activities, it would be
vise to accept these as an Institute- or Program-wide
responsibility.

Vi. A. Cooperative Research

Within the conceptual framework presented above as 2
proposed basis for research in the sub-program, we foreses
engaging in the following cooperative research:

o Cooperative research with other PSRP sub-
programs to verify the USLE components of
common interest., Specifically, joint work
with agroclimatology, cropping systems, farm
pover and equipmenbt will be imfortant for
quantifying the rainfall eroeivity, crop
canopy and residue factors, and the land shaping
practices congonents, respectively. Optimisti~
cally, many of the records already existing with
these sections will be amenable for this analysis
thus roviding a solid set of historic data which
will lend credence to any data to be collected
from new expariments. An added advantage for
climatic data in particular, is that much of the
analysis can cover SAT areas beyond ICRIBAT center,
particularly in Africa. The strength acquired by
agroclimatology in rainfall Yrobability analilil
vill be a direct asset in this analysis. Al
research involving amendment evaluations will be
coordinated with the soil chemistry and fertility
sub-program to ensure that observed crop responses
are deliberately interpreted from both physical
and nutritional view-points.

o Cooperation with other PSRP subprograms in adaptive
research, both on operational scale watersheds and
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on farm. It is proposed, however, that such activi-
ties collectively, a program responsibility with
rotating coordinators from different subprograms.
The demonstrational value of operational scale
vatersheds and the need for these to provide the
direct link with on-farm work justify such & manne:
of operation.

o Cooperation with national programs for mharing
relevant research experience and extending mutually
agreeable management experiments to sites with
various Alfisols. This will allow a deliberate
assessment of management parameters on a spectrum
of such soils s0 as to ensuze adequate represen~
tation of important (benchmark) Alfisols.

o Cooperation with those ICRISAT sub-programs with
interst in crop modelling to assist with improved
quantitative assessments of scil water status and
structural characteristics of the root zone in
relation to crop response.

V1. B. Service Punctions

Just as much of the research conducted around ICRISAT
tequires proper monitoring of soil fertility and chemistry in
experimental sites, so there 1s tro?uent need for monitoring soil
physical properties. Most demand of thir nature has been for the
determination of water content, for which neutron scattering is
now shown reliable for ICRISAT soils. Cther assessments include
changes 1n soil compaction, crusting properties, and occasional
neede to identify the location of and depth to water tables.
Indeed, it would appear nhecessary that ar updated inventory of
important soil physical characteristics for ICRISAT fields,
including depth and particle size distritution, is much needed.
We propose the expansion of FSRP's soil chemistry and fertility
services by adding a physics counterpart. A filrst class
laboratory which is continuously 1n a position to provide water
retention data, field soil-water measurements particle and
aggregate size and stability characteristics, and other routine
service (even conducting occasional laboratory scale experiments)
ie a must. Leadership and staffing of such a facility must be
decided realistically to allow taking full advantage of it,
Should the activities of the facility be overseen by a pool of
gcientists, this pool would also engage 1in experimental design
and data interpretation for the benefit of those for whom the
data is required.

Centralization of these services will also assist in
efficient data gathering, handling, storage, and processing by,
economically taking full advantage of recent computer-compatible
instrn pt tion,
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Table 1: Erodibility of representative Alfisols (A),Vertisols (8)

37

and Assoctatad Soils

{Soures: 7)

Series or .
Tdentification Type Lecat fea £ Nalee Seurca .
Ounk trk siity lom  Genava, AY 0.69, Mischmeter & Smith 1978
Daytom Oragon 0.84 Roth et al. 1974
st. Clatr subsetl Nichigan 0.4 Roth st a). 1974
Keene $11ty loms  Zamesville, OM 0.48  Wischmeier § Smith 1979
“oery ubso il Indiana 0.3 Roth ot al. 1974
Kewsihoe rocky silty

lom Hawe !l 0.3% Dangler & El-Swalfy 1876
Rabat Morocco 0.3 Heusch 1970
Hagerstow :;:’ clay Pennsylvanis  0.31 Wischmeier & Smith 1978
Putat Indones ta 0.26 S0l 1978
Gampala Farruginous  Upper Yolta 0.28 foose 1977
Saris Ferruginous Upper Yolta 0.28 Roose 1877
Sets Ferruginous Senegal 0.2% Roose 19770
pufiany Indones {a 0.14  ols 1978
oldentification provided when series was ot named.
Series or .
Ident ification Typs Locat fon K Yalue Source
Mayberry subsoil Nebraska 0.67 foth et al. 1974
P rense *subsoll Nebrasks 0.65  Roth ot o). 1974
She lby Tom Missowr{ 0.41 Wischmelior L Smith 1978
Marshall silty lom Towa 0.33 Wiscmeier L Saith 1978
Lualualet clay Hawe it 0.3 Oangler & Cl-Swaify 197§
Austin clay Tenas 0.29 Wischmeier & Smith 1978
Jegu Java 0.20 Sols 1978
Portagevilile Nissowr1 0.08 foth ot al. 1974

*ldentif ication provided

series was not samed.

(A

(8)



Analytical data from some eroded and noneroded sofls {probably Oxisols) in Tanzania
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Table J: Productivity benefits of improved cdnsarvation practices on deep
Vertisols during 19761977 at ICRISAT Center watsrsheds

(Sourca: 15, moditied)

Watershed Practice/Siope intercropping 3 1ol croppin
No. Yield “i‘E Gross _&oii 525 Gross
20 pea value 28 pea value

Rs/ha Rs/he
BW! 8ed/0.6 2 3260 720 4870 3310 600 3840
w2z 8ed/0.6 % 2910 900 4960 3090 450 bL1]
BW3A 8ed/0.4 2 3590 670 4930 2970 760 3800
Mean 3290 760 4920 320 600 3680
Bw3s Flat 3030 620 W0 2350 kb0 z7§o
BWLB Flat 27190 560 390 2930 280 3000

Mean 2910 620 4210 2640 360 2870
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Fig. 2 : TENTATIVE ISO-ERODENT AP OF INDIA (Soures: 2)
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Fig. 5: RAINFALL SIMULATOR FOR CONTROLLED SOIL EROSION AND RUNOFF STUDIES,
(Source: 11)
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