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Tailoring strategies to rainfall variability — The
choice of the sowing window
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The optimum sowing window for rainfed groundnut
in the Anantapur region has been determined using
the crop modcl PNUTGRO which has becen validated
for the region. It has been shown that the ycar-to-
year variation of the rainfall patterns has a large
impact on the model yicld and its variation with
sowing date. The results do not change much if the
daily data for other meteorological variables such as
temperature and radiation are replaced by the aver-
age daily values over the ten years for which these
data are avatlable. The variation in the model yield
with sowing date for eighty-eight yvears for which
daily rainfall data are available has shown that the
broad sowing window of 22 June-17 August pres-
cntly used by the farmers is indeed the one that
minimizes the risk of failure. We find that, within
this broad window, sowing after mid-July enhances
the yields considerably. At present, the farmers in
this region use the first sowing opportunity in the
broad window. Using the heuristic model to analyse
the sowing opportunities, it has been shown that
postponing sowing until after mid-July does not in-
volve much risk. It is also shown that incidence of
focally triggered pests/diseases decreases when sow-
ing Is postponed to later than mid-July.

-l .

THE agricultural production of rainfed regions varies
considerably from year to year in responsc to the varia-
ton of rainfall. Given the high levels of risk and low
evels of production, the resources available for inputs
such as fertihizers and pestictdes are meagre. This is in
sharp contrast to the irrigated regions where high levels

of such inputs are possible becausc of the high levels of

assured yicld. Onc of the most challenging problems for
rainfed agriculture today is the determination of strate-
aiey tor achieving a specific goal such as-enhancement
of the overall production, or reducing risks of crop fail-
urc in variable climate. In a rainfed situation, the appro-
priate cropping pattern {or achicving the desired goal
necessartly depends on the nature ol the climate vari-
ability of the region. Given a specific crop/variety, the
appropriate choice between the available management
options (such as the choice of the sowing window or to

*For correspondence. {¢-mail: knrao@caos.iisc.ernet.in)
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spray pestictde or not) also depends on the climate vari-
ability ot the region.

We consider here the specific case of rainfed ground-
nut tn the Anantapur region, in the scmi-arid/arid part of
the peninsula', for addressing the problem of determi-
nation ol the appropriate strategies in the face of climate
vartability. Most of the farm-level dccistons such as en-
hancement ol the seed rate (i.e. number of seeds per unit
arca), addition of fertilizers or application of pesticides
involve additional costs. Since 1t 1s dilficult to assess the
cxpected benefits of such investments in the face of
large variations in yield from year to year, the farmers
tecnd Lo avoid such additional expenditure. Some of the
farm-level decisions such as the choice of the sowing
window, involve no additional cost but can result in a
large penalty 1f a decision is taken to forgo an carlier
sowing opportunity, and no opportunity tor sowing oc-
curs later in what 1s considered a better sowing window.
Expcricnce of the farmers of the rcgion indicates that
the yicld varics with the sowing window chosen, and in
some years sowing outside the recommended sowing
window” has given very high yiclds®. Singh et al.* have
also shown that when different sowing dates were cho-
sen In the same year, there was a large difference in
yicld of the crop at the Anantapur Agricultural Rescarch
Station (ARS).

We organized meetings with tarmers of the region to
discuss the decisions that depend critically on the cli-
mate variability of the region. The farmers suggested
that one of the most tmportant problems is the identifi-
cation of the optimum sowing window associated with
maximum production for this region in the face of the
large varnabtlity ol the rainfall patterns rom year to
ycar’. The problem of determining the optimum sowing
window for groundnut has been addressed in several
studtes. Many of these involve ficld experiments with
varying sowing dates conducted over periods of two to
three years and generally suggest that yicld decrcases
with later sowing. For example, the experiment by Patil
et al.” on variation of sowing dates at Raichur on three
genotypes during kharif scasons of 1985 and 1986 sug-
gested that sowing in late July resulted tn lower yiclds
than growing in late June or carly/mid July. Bhoite and
Nimbalkar® found that in the kharif scasons of 1986-
1988 the yicld decrcased with later sowing. Some stud-
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tes also suggest that incidence of late leaf spot is less
with earlier sowing than late sowing’. It is clear that
investigations over longer periods are necessary for de-
termining the optimum sowing date for a region such as
the Anantapur over which the rainfall pattern varics a
great deal from year to year. An etfective tool for such a
study is a crop model which can simulate the impact of
rainfall variation reasonably well. We address the prob-
lem of determining the sowing window associated with
maximum yield using a crop model. We have also in-
vestigated the variation of the incidence of the major
pests/diseases with sowing date using a model in which
the pests/diseases are triggered by wet and dry spells.
The rainfall pattern comprises a succession of wet and
dry spells in the monsoonal regions in general and Anan-
tapur 1n particular (Figure 1). The yield of the rainfed
crops in a semi-arid region is a sensitive function of the
moisture-stress experienced by the crop. If a dry spell
~occurs in a critical stage, the yield decreases markedly.
However, 1f the sowing date 1s so chosen that the dry
spells occur at stages which are relatively insensitive
and wet spells occur at the critical stage, then the yield
1s very high. Thus the optimum sowing window depends
on the probability of wet and dry spells over the region
in different parts of the rainy season. The optimum
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Figure 1. Rainfall at Anantapur duning 1982, 1988 and 1997,
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strategy involves tailoring for the given nature of rain-
fall variability such that dry spells occur at relatively
inscnsilive stagcs.

In any given period or sowing window, farmers sow
croundnut secds only when there 1s adequate motsture in
the soil (sce ref. 1 for threshold soil moisture). Gener-
ally, in a given scason there are several sowing oppor-
tunitics. If the optimal sowing window is determined
then the farmers can utihize the sowing opportunity that
occurs in that optimal sowing window. Here we present
the results of a modelling study of the optimum sowing
window for the specific case of rainfed groundnut
(vaniety TMV-2) in the Anantapur region on the basis of
the nature of the rainfall variability during 1911-1998.

This region recerves rainfall from May to November,
with maximum rainfall from mid-September to mid-
October (Figure 2). It 1s seen from Figure 2 that the
variation of the weekly rainfall is rather large through-
out the rainy season. The traditional cropping system
over the region involved several crops of which one was
a runner variety of groundnut. Sowing was done at the
earlicst opportunity in May-June. Thus the raintall dur-
ing the entire period from May to November was util-
1zed.

Groundnut cultrvation on a large-scale began in the
mid-70s with the introduction of the TMV-2 variety’. In
the package of practices for high yields in this region
developed by agricultural scientists®, sowing in May-
June ts recommended for groundnut (TMV-2), It 1s sug-
gested that in the absence of sowing opportunities in
May-June, sowing can be done in July; sowing of
groundnut {(TMV-2) is not recommended in August.
However, farmers on the basis of the experience over a
relatively short period of about two decades now use a
sowing window from late June to mid-August’.

Farmers use a solar calendar with roughly bi-weekly
time periods called ‘nakshatras’ as units (Table 1) and
farm-level decisions about timing generally refer to
these perniods (rather than months or weeks). Generally,
sowing 1s done during 22 June-16 August, i.e. sometime
in one of the four nakshatras, viz. Ardra, Punarvasu,
Pushya, Ashlesha. It is believed that sowing in Punar-
vasu (619 July) 1s associated with high yields, Pushya
(20 July-3 August) being the next best. Sowing earlier
in Ardra (22 June-5 July) or later in Ashlesha (3
August—17 August) 1s considered to be associated with a
high level of risk’. It is important to note that when no
opportunity occurs in July, farmers do undertake sowing
In August desptte the recommendation to the contraryz.
This i1s based on the experience of farmers when August
sowing was assoclated with high yields. It is clear that
the nature of the variation of the yield with sowing date
for the different rainfall patterns of the region needs to

be understood.
The PNUTGRO model*?, which has been validated
for TMV-2 at the Anantapur agricultural rescarch station®,
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Table L. Rainfall in diffecrent nakshatras at Apantapur (cin)

i N, S

]

Anantapur rainfatl {cm)

Standard
Nakshatra Duration* Mean  deviation
Ashwini 13 April~26 April 0.85 L.55
Bharani 27 April-10 May 1.23 2.05
Kritika 11 May-24 May 2.84 3.28
Rohint 25 May-7 June 3.41 3.53
Mrigashira 8 June-21 June 2,31 2.60
Ardra 22 June-5 July .88 2.33
Punarvasu 6 July—19 July 2.86 5.13
Pushya 20 July-2 August 2.78 31.42
Aslesha 3 Aug—16 August 2.58 3 64
Makha 17 Aug-30 August 4.23 6.47
Pubba 31 August—12 September 3.50 4.29
Uttara 13 September-26 September  9.03 7.40
Hasta 27 September-9 October 6.71 5.65
Chitta [0 October-23 October 3.80 4.05
Swathi 24 October—5 November 3.29 4.46
Vishaka 6 November—~18 November 0.42 1.13
Anuradha {9 November-2 December 0.98 }1.81]
Jyeshta 3 December—15 December 0.60 1.51
Moola 16 December-28 December (.12 0.52
Purvashada 29 December—10 January 0.24 1.48
Uttarashada 1] January-23 January 0.02 0.09
Sravana 24 January -5 February 0.24 1.50
Dhanishta 6 February—-18 February 0.03 0.20
Shatabhisha [9 February-3 March 0.13 - .45
Poorva Bhadra 4 March-17 March 0.15 0.61
Uttara Bhadra 18 March-30 March 0.24 0.76
Revati 31 March-2 April 0.52 0.97

*After IMD'?,

has been used to derive the optimum sowing window for
this region. Variation of the PNUTGRO yield with
sowing date 1s investigated later in this article. First, the
sensitivity of the PNUTGRQO model to the inputs of
meteorological information, viz. temperature (maximum
and minimum), radiation and rainfall is tested. It is
shown that rainfall vartation has by far the largest im-
pact on the yield. Then the variation of the model yield
with sowing dates from May to August is studied. Since
the rainfall pattern varies from year to year, the sowing
date associated with maximum yield varies from year to
year. The optimum sowing window for this region is
derived by analysis of the data for eighty-eight years for
which daily rainfall data are available. In order to un-
derstand why the yield is high for the optimum sowing
window, the moisture-stress at different stages of the
plant for different sowing dates is analysed here and the
most critical stage at which rainfall variation has a large
impact 1s determined. An analysis of the sowing oppor-
tunities for each year, determined from a heuristic model
based on farming practices of the region', 1S also pre-
sented. The risk involved in not utilizing an earlier
sowing opportuntty in anticipation of a later one in the

“optimum window is also assessed. The probability of

incidence of pest-discases derived from the heuristic
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model for different sowing dates 1s then presented. Fi-
nally, the results are summarized and the implications
are discussed.

Variation of yield with sowing date

The vanation of yield with sowing date has been inves-
tigated using the PNUTGRO model®” which can simu-
late the year to year variation of the yield of TMV-2 at
the Anantapur research station (Figure 3 after Singh et
al®). It is seen that the simulated yield is close to the
observed vield for most of the years. Generally, the av-
erage yield at the district level 1s less than the model
stmulated yield, primarily because of the incidence of
pests and diseases'''. Thus the model yield can be
considered as a potential/maximum yield under rainfed
conditions. The average yield 1n this region i1s about
750 kg/ha. Crop failure 1s said to occur when the yield is
less than 500 kg/ha, since 1t is 1nadequate for meeting
the costs incurred. Thus we expect a model yield of less
than 500 kg/ha to be associated with crop failure, be-
tween 1000 and 1500 kg/ha to above-average yield and
model yicld higher than 1500 kg/ha to very good yield
on the farmers’ fields. The optimum sowing date for
minimizing risk of crop fatlure (or maximizing the pro-
duction) 1s thus one which corresponds to minimizing
the probability of model yield less than 500 kg/ha (or
maximizing the probability of model yield above
1500 kg/ha).

Sensitivity to different meteorological inputs

The meteorclogical data input required for the
PNUTGRO model are the daily values of maximum and
minimum temperature, radiation and rainfall. Daily rain-
fall data for the Anantapur ARS are available from
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Figure 3, Observed yicld (open circles) of rainfed groundnut (TMV-
2) af the Anantapur Agricultural Station and simulated yield (hlled
circles) with the PNUTGRQO model for 1979-1990 (after Singh
et al.®).
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1962 to 1998, and data on the other meteorological vari-
ables from 1979 onwards. In addition, the daily rainfall
data at the Anantapur station of the India Meteorologi-
cal Department (IMD) are available from 1911 to 1990.

We first studied the sensitivity of the model results for
variation 1n yield with sowing date, to the input of rain-
fall vis-a-vis the other meteorological variables. The
vartation of the simulated pod yield with sowing date for
1982, 1983, 1985 and 1986 is shown in Figure 4. The
results obtained by replacing the observed daily data on
temperature (maximum and minimum) and radiation by
the daily average data for the period 1979-1988 are also
shown in Figure 4. It is seen that the actual yield simu-
lated 1n the latter case is close to the former. The differ-
ence is generally less than 50O kg/ha and the maximum
difference 1s 124 kg/ha. The pattern of variation of the
yield with sowing date is the same in both cases. It is
clear that rainfall variation has, by far, the largest im-
pact on variation of the yield. Hence, it is possible to
use the large rainfall data set on daily rainfall (from
1962 to 1998 at Anantapur ARS and from 1911 to 1961
at the IMD station) in combtination with the daily aver-
age values of the other meteorological variables to de-
rive the variation of yield with sowing date for a large
number of years.

Variation of PNUTGRO yield with sowing date

The variation of the yield for sowing dates between May
and August derived from the PNUTGRO model for the
years between 1911 and 1998 for which rainfall data are
available 1s shown 1n Figure 5. Note that in almost all
the years the model yield increases as the sowing date is
postponed from May till Iate June. This is consistent
with the present sowing window of 22 June to mid-
August arrived at by the farmers after about two decades
of experience. The surprising result from Figure 3 is that
the yield increases with later sowing even beyond July
for many years. The patterns of variation of yield with
sowing date fall into six categories. In category 1 the
optimum sowing date is in early July or earlier. In cate-
gories Il and I the optimum sowing date is between 6
and 20 July. In both cases as the sowing date increases
from late June till the optimum, yield increases rapidly.
However, for the years in the category 111, the yield does
not decrease much for later sowing dates. Categories IV
and V correspond to optimum sowing dates in early and
late August, respectively. We also note that in some
years (category VI) the rainfall is so low (e.g. 1984) or
so well distributed (e.g. 1917) that the yield bardly var-
ies with sowing date from late June onwards, It is seen
that the simulated yield is greater for sowing in late
June ~ early July only for years of category I, te. in |9
out of the 87 years. Later sowing is associated with
larger (or as much) yield in almost 80% ol the years.,
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Figure 4. Variation of PNUTGRO yield with sowing date for 1982, 1983, 1985 and 1986 with observed values of tempera-
ture, radiation and rainfall (filled circles) and with observed values of rainfall and daily average values of temperature and ra-

diation (open circles).

The probability of model yield less than 500 kg/ha
(1.e. crop failure), between 1000 and 1500 kg/ha (i.e.
above average yield on the farmers’ fields) and above
1500 kg/ha (i.e. very good yield on the farmers’ fields)
as a function of the sowing date is shown in Figure 6. It
is seen that the probability of failure 1s high (about 40%)
for sowing in May or early June. The probability of
good yield is less than 20% for such early sowing. These
probabilities decrease substantially for sowing from late
June onwards. Thus the choice of the prevalent broad
sowing window from 22 June is appropriate as one that
minimizes the risk of crop failure. We find that within
this broad window, the period 15 July-10 August 1s as-
sociated with highest probability of very good yield. The
probability of very good yield is markedly less for sow-
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ing in the early part of July. Since high yields are asso-
ciated with sowing in early July only in about 20% of
the years, 1t is clear that the overall yield will be en-
hanced 1if the sowing window is chosen as the first op-
portunity tn Pushya or Aslesha, i.e. between 20 July and
17 August.

Detailed comparison of the average yield over the
eighty-eight years for sowing in the different nakshatras
1s given in Figure 7 a. It 1s seen that in comparison with
sowing in Ardra (22 June-5 July) later sowing, 1.e. in
Punarvasu (6—19 July) or Pushya (20 July-2 August) or
Aslesha (3-16 August) gives better yields particularly
when vyields for Ardra sowing are less than about
1750 kg/ha. It is interesting that when the yield for
Ardra sowing is more than 1750 kg/ha, the yield for
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