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Abstract

Groundnut (Arachis hypogaca L.) is grown in many diverse agroenvironments. It is cultivated in
some ) countries around the world. In semi-arid tropical (SAT) areas it is an important cash
crop in subsistence farming systems, as well as an important food source. The total output of
groundnuts in SAT countries is about one-half of the total world production.

Within the SAT. India has the largest g duction area. It produces 52% of the
combined output of all the SAT jes. Other SA T I di ignificant amounts
of groundnut arc Sencgal. Nigeria, Sudan (each producing bclween 5-7. 5 of combined SAT
production); Zaire, Brazil, Burma, Argentina (2.6-5%); and Thailand, Malawi, Zimbabwe,
Cameroon, Central African Republic, Chad, Mali, and Gambia (1-2.5%).

Groundnuts are grown primarily in rainfed dryland conditions. In India, the crop is cultivated
in soils ranging from coastal sands to Vertic Inceptisols. In the African subcontinent it is grown
on Alfisols and Oxisols. Groundnut soils have generally low (< 100 mm) to medium (= 200 mm)
available-water holding capacity (AWC) in the root profile.

In the Indian groundnut-growing areas the annual rainfall varies from about 400-1500 mm,
usually received between 2-4 rainy months. the crop is grown from 8-32°N latitudes. In northern
India, where the rainfall is unimodal, groundnuts are grown during the rainy season from June to
September. In south India, below 10°N, the rainfall tends to be bimodal and temperatures are
suitable for groundnut cultivation almost the whole year; two crops are raised. The first crop is
grown from July to September/October (first rainy season) with another crop in October/No-
vember to January/ February during the second rainy season with some supplemental irrigation.

In the Sahelian West Africa, the groundnut crop is cultivated in a narrow belt between 10-15°N
latitude. It is sown in July and harvested in October. The total scasonal rainfall varies between 300
and 1200 mm. The main rainy season lasts 2-3 months beginning in late June.

The groundnut-growing areas in the SAT have short (. 75-/ 10 d) growing seasons and are
characterized by intermittent drought periods. We have the probabilit of
moisture adequacy for a few selected locations in relation to crop-water needs. This study showed
that the amount of soil moisture in the surface soil is fairly restricted at the time of seed formation
and maturity, thus leading to pod development and harvesting problems. Our data also showed
that groundnut yields are likely to be significantly reduced once in every 3 years due to failure of
secasonal rainfall in the SAT.

Résumé

C i ! dew régions od l'on cultive 'arachide dans les
tropiques -eni-lrlde- L'arachide (Auchls hypogaea L.) est cultivée dans prés de 90 pays, dans

1. Principal Agroclimatologist and Soil Scientist, Resource Management Program, ICRISAT, Patancheru, A.P. 502 324, Indis.

ICRISAT (International Crops Rescarch Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceodings of an
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Figure 1. World groundnut-growing countries.
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Figure 2. Groundnut yield in selected SAT countries. (Source: FAO 1982).

purchase inputs for cereals in the cropping systems.
Groundnut not only produces oil for human food,
but it also fuels the change of traditional low-input
farms to modern agriculture. High and stable ground-
nut production is an essential element for the intro-
duction of efficient farming syslemx ln the SAT

In many of the g d

@ the analysis of rainfall environment for quantify:
ing changes that have occurred in the groundnut:
growing arcas of sub-Sahclian West Africa ir
recent years.

thecropis consumed locally. lndu the wurld s larg-
est producer, is also one of the largest importers of

8 oils. The of sub-Sahelian West
Africa have been traditional exporters of ground-
nuts, but production there has declined recently.
There is thus an urgent need to increase the produc-
tivity of the groundnut crop for sustained growth of
semi-arid agriculture,

In this paper we will present:

® the ecological features of some important
groundnut-producing areas of the SAT;
agroclimatic analyses of some selected loenuom

" The SAT ground

Ecological Features of Principal
Groundnut-Growing Areas

of the SAT

South America

ing area in this

isin Brml between l9° and 23° §'S, with the major
producing area between 20° and 23° 5'S. The total
annual rainfall in this region varies from 1000-1400
mm. The crop is grown on Ustic-Ultisols (Ustuits)
that are dry for more than 90 d a-'. The relative

for identifying the soil and climatic
for increased groundnut production in different
regions; and finally
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humidity of the area ges 73% for the year, but is
higher during the groundnut cropping season. The
main rainy season lasts 5 months—from November



JWut significant amounts of rainfall may be

in October and April. Less than 20% of the

Ral rainfall is received during the dry period

¥fom May to August. Total number of sunshine

hours in the groundnut-growing area vary from

2200-2700 h a!. During the crop growing season the

duul\on of sunlight houn isaround 6hd-'. Annual

ion of the ground

mg areas of Brull averages nrouwd 2000 mm. The

annual rainfall meets about 50-60% of the annual

climatic water demand (WMO 1971). During the

rainy scason, however, the rainfall more or less

equals the potential evapotranspiration (PE) demand
(1250 mm). Mean annual temperature is 24°C.

West Africa

In the West African region between 5-15° N, there is
an extensive arca in Sencgal, Gambia, Mali, Burkina
Faso, Niger, and Nigeria where groundnuts are
g@n. Sencgal cultivated over | million ha of

indnuts in 1982 (FAO 1982). Other major ground-
nut-growing areas are in northwestern Mali, south-
castern Burkina Faso, southern Niger, and northern
Nigeria (Fig.1). The crop is sown in this region in
June or July and harvested in September-October.
The growing period lasts about 2-4.5 mo. The
annual rainfall in the region ranges between 600 and
1000 mm, with an evapotranspiration rate (ET) of
about 1700 mm a-'. The ET for the growing season is
about 550 mm. The average annual temperature is
about 25°C, but it is generally about 30°C during the
groundnut-growing season. The relative humidity
during this period averages 80% (WMO 1971). In
Sahelian West Africa groundnuts are grown primar-
ily in sandy Alfisols and Oxisols.

Central and Southern Africa

Ty groundnut-growing countries in Central Africa
:&zmrd African Republic, Chad, Sudan, Uganda,
and Zaire. In southern Africa groundnuts are grown
in Malawi, Mozambique, and Zimbabwe. Some
other countries have small areas under the crop
(Fig.1). In Malawi the crop forms a significant part
of the national agricultural production. It is culti-
vated on Ustic Oxisols and Alfisols (Ustoxs and
Ustalfs) and some Udic Ultisols. The rainfall varies
from 500-1500 mm. In Central Africa groundnuts
are grown from June to September, while in South-
ern Africa these are sown in November/ December

and harvested in March. In Mdlwn the annual aver-
age of the -growing areas is
about 16°C. Total number of sunshine houn annu-
ally in the Malawian groundnut-growing areas is
about 2550 (WMO 1971).

India and Southeast Asia

Over 7 million ha of groundnuts are cultivated
annually in India. The total production is about 6
million t. Burma and Indonesia are also significant
producers in the SAT (FAO 1982).

In India, groundnuts are cultivated on Ustic
Alfisols, Oxisols, and Usterts (the dry Vertic soils),
from 7-30° N, The major groundnut-producing areas
are located in western India. The crop is raised prim-
arily under rainfed dryland conditions. In northern
India (20°N) groundnuts are sown with the onset of
the rainy season in late June or July and harvested in
October. In the eastern coast of southern India,
where the rainfall is bimodal, two crops are raised
per year. The second crop is raised with some sup-
plemental irrigation. The first cropping season is
from June to September or October, and the second
from October/November through February. The
average temperature during the growing season is
27°C, with total sunshine hours per annum in the
groundnut-growing arcas varying between 2381 and
2900 from south to north. The relative humidity
during the cropping season is generally around 70%,
with annual rainfall from 500-1500 mm (WMO
1971).

Agroclimatic Analysis of some
Selected Locations

It is apparent from the ecological data that ground-
nuts are cultivated over a variety of soils and agro-
climatic environments within the SAT. However,
some generalizations can be made:

® in the groundnut region the rainfall is seasonal;

@ - the evapotranspiration rates are high;

® the rainfall is variable from year to year;

® the soils are mostly sandy llld do not have ade-
quate moi holdi ; and theref

® the key factor nﬂ'ecung groundnut growth and
yield is the characteristic and length of the mois-
ture envi during the crop-growing season.

At ICRISAT Center we have collected extensive
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Table 1. Locations selected for detailed agroclimatic analysis.

Region Country Location Geocoordinaies
South America Brazil Campo Grande 20° 288 54° 40"
West Africa Sencgal Dakar (Yoff) 14° 4N 17° 30w
Nigeria Kano 12° 03N 08° 32E
Southern Africa Malawi Lilongwe 13° 58S 3’ 42E
South and Southcast Asia India Ahmedabad 2° 4N 7° WE
Madras 13° 00'N 80° II’E

climatological data sets for several groundnut-grow-
ing countries. For example, we have rainfall data for
over 100 locations of Brazil extending back 30 years
or more. Monthly values of potential evapotranspi-
ration have been calculated for these locations. For
West and Southern Africa, we have access to meteo-
rological data for over 200 locations. In the case of
India, we have a library of climatic data sets includ-
ing daily rainfall, and open-p
ration for about 70 locations. For some loclllom in
India, West and Southern Africa, we have also col-
lected extensive micrometeorological dlw for some
ive groundnut-based cropping systems.
We used the clustering procedure available in the
statistical analysis system (SAS) package at Kansas
State University, USA, to select a few representative
locations from each of the major groundnut-growing
regions for detailed analysis. We used the monthly
and annual rainfall, moisture-availability index
(MALI), and annual temperature as variables for
clustering different locations. Our aim was to select
one or two locations from each of the major
groundnut-growing regions of the SAT which would

represent about 80% of the sites within a given
region with a uml 1 sundlrd deviation for the
selected ag h istics. By followi
these procedures, we identified locations for whlch
we had at Ielsl 30 years of data (Table 1).

for these | has
been assessed by calculating the MAI at diﬂe;;t

probability levels. The amount of expected ra

has been calculated using an incomplete gamma ta-
tistical proudure (WMO 1971). The potential eva-
potr was calculated following modified
Penman’s procedure (Rao et al. 1971). Values of
MAL less than 0.33 reflect a moisture environment
insufficient for active plant growth, while values
between 0.34-0.99 show adequate rainfall to meet
plant-water needs. Values of MAI above 1.00 show
that water is present in excessive amounts (after
Hargreaves 1971). The values of MAl and the length
of the growing scason obtained at different probabil-
ity levels for each of the locations studied are shown
in Table 2, A brief description for the different loca-
tions follows.

Table 2. Moisture-availability index (MAI) and growing-season length of lected the

SAT.

Brazil: Campo Grande
20° 28'S 54° 40'W
Annual rainfall: 1437 mm

v

Soil: Ustult AWC! 175 mm
Data: 1931-60

Moisture-availability index

Growing season

(%) Oct Nov Dec Jan Feb Mar (days)

80 0.29 0.24° 0.58 0.69 0.58 0.50 135

Mean 0.69 0.54 0.99 L19 097 0.61 200

4 0.85 0.58 1.09 1.36 115 0.717 +200
Continued.



Zontinued.

sencgal: Dakar (Yoff)
14° 44N 17° 30W Soil: Ustalf AWC 75 mm
Annual rainfall: 578 mm Data: 1931-60
Probability Moisture-availability index Growing scason
(%) Jul Aug Sep Oct (days)
80 021 0.95 0.80 0.06 70
Mean 0.54 1.76 114 0.33 135
40 0.55 1.90 115 037 +142
Nigeria: Kano
12° 03'N 08° 32’E Soil: Ustalf AWC 75 mm
Annual rainfall: 872 mm Data: 1931-60
p Moisture-availability index Growing season
(%) Jun Jul Aug Sep (days)
80 0.55 L1 3.05 0.60 140
Mean 0.66 1.46 253 1.02 154
4!“ 0.70 1.52 2.60 1.03 161

¢
Malawi' Lilongwe
13° 58S 33° 42'E Soil: Ustox AWC 75 mm
Annual rainfall: 849 mm Data: 1931-60
P . Moisture-availability index Growing season
(%) Nov Dec Jan Feb Mar (days)
80 0.13 0.44 0.84 0.79 0.39 120
Mean 0.39 0.76 1.26 L3 077 160
40 0.45 0.85 1.28 1.62 0.85 +160
India: Ahmedabad
24° 04N 72° 38'E Soil: Ustert AWC 150 mm
Annual rainfall: 804 mm Data: 1931-60
P Moisture-availability index Growi
P rowing season
(%) Jun Jul Aug Sep Oct (days)
80 0.10 1.03 0.74 0.18 0.00 50
Mean 0.43 241 1.78 112 0.01 135
40 0.46 2.46 1.82 1.22 0.01 +135
13° 0O'N 80° II'E Soil: Ulstalf AWC 50 mm
Annual rainfall: 1233 mm Data: 1931-60
P ™ Moisture-availability index Growing season
%) Jun Jul Aug Sep Oct Nov Dec (days)
%0 0.12 0.27 0.44 0.47 110 128 0.18 120
Mean 028 0.52 0.80 0.89 212 2.85 118 180
“ 0.29 0.54 0.90 0.95 203 317 1.50 +187

1. AWC = Available-water holding capacity of root profile,




Brazil: Campo Grande

The MAI values exceed the lower threshold value of
0.33 in all the rainy months at the various probabil-

for many of the years (6 out of 10). Sit

have low available-water holding capacity (¥

in the root profile, and the rainfall is low (578 m¥
soil-moisture conservation would be an importan

ity levels studied except October and N at
809% probability. The data for the length of the grow-
ing season show that it is at least 135d in 8 out of 10
years. In 2 years out of 10, the rains will be insuffi-
cient at sowing time. Sowing may be delayed to late
November in such cases. In this groundnut-growing
area, soil femhty and its phyncal limitations are

g ol P o
systems in this West African region.

Nigeria: Kano

The nmfall at this location is 872 mm. Most of the

likely to be more toi
i to the soil.

occurs in the 4 months from June to

ldequacy for crop growth.

Senegal: Dakar (Yoff)

The MALI values (Table 2) at the 80% probability
level are below the lower threshold of 0.33 for July

At the B0% probability level (Table 2)
the MAI values exceed the lower threshold values of
0.33 for each of the rainy months, thus ensuring a
growing season of at least 140 d in most years (8 out
of 10). The groundnut crop is raised on Alfisols in
this region. This soil has about 100 mm AWC.
Improved management of soil fertility and adequate
waur-conurvluon techniques would be important

and October. This means that in | out of every § | to increase g praguc-
years the growing season is likely to be restricted to tion in thm region.
about 70 d; it would be in the order of 135 d or more
800
7
E
~ 600
K 513 /
£ v
A
~ 400
3
H 309
< R D] | NN | -t =
»
200
S.D. = 203
n. I T | A | ' LA A B S R A |
1945 1950 1955 1960 1965 1970 1975
Year

Figure 3. Anoual rainfall trend at Dakar (Yoff), Senegal.
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Figure 4. Five-year moving average of annual rainfall at Dakar (Yoffl), Senegal (14°44'N, 17°38'W),

1947-1978,

Malawi: Lilongwe

In this Southern African country, the rainfall is
fairly dependable except that sowing may be delayed
due to low rainfall in the month of November in |
out of every 5 years. The growing season exceeds 120
din8 out of every 10 years (Table 2). On average, it is
160 d. The soils on which groundnuts are grown
! "'+ 75 mm AWC. Management of soil chemical
phuberties would be important to increase ground-
nut production in this area.

Indis: Ahmedabad

In this north Indian groundnut-growing location,
the crop is grown during the southwest monsoon.
Average length of the growing season is 135d. In 2
out of every 10 years, the growing season is likely to

be highly restricted (to less than 50 d). October has
very low MAI values (Table 2). Since the crop is
grown on Vertic soils in this region, harvesting
groundnut may present serious problems in most
years. Water conservation would be an important
aspect of improved dryland gr ducti
in this area.

P

Indis: Madras

This southern Indian coastal location receives rain-
fall from both the southwest and northeast mon-
soons. Two growing seasons are utilized for raising
groundnuts—the first from June to October and the
second from October to January or February. How-
ever, two groundnut crops are rarely grown sequen-
tially on the same dryland field. The data on MAIL
(Table 2) show that a 120-day crop could be raised in
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8 years out of 10 in this arca. The average growing
season there is 180 d. Groundnuts are raised on
Alfisols and Oxisols in this region. These soils have
low AWC (< 50 mm). Soil and water management
would be an imp p of the imp
groundnut-management systems in this region,

Changes in Rainfall Environment in
Groundnut-Growing Areas of
Sub-Sahelian West Africa

The West African sub-Sahelian zone is character-
ized by high evapotranspiration rates, low to medium
seasonal rainfall, and sandy soils. The average rain-
fall barely meets the climatic water demand repre-

1004
80— 70%

sented by high potential evnpolrlmpm
Any negative change in the amount of rain
H Id h :

g forin

and stable crop production. In order to quantify a

changes in the rainfall of this region, we studied the
precipitation records for 1947-1975 for Dakar (Yoff),
Senegal. A plot of annual rainfall (Fig. 3) shows that
precipitation has been highly variable from year to
year over the past 30 years. The number of years of
below-average rainfall has increased somewhat in
the 1960-75 period. This observation is further con-
firmed by the 5-year moving-average data shown in
Figure 4. In order to evaluate the agricultural signif-
icance of this trend we analyzed the probabilities of
weekly rainfall (R/PE 2 0.33) for the periods 1947-
1955, 1956-1965, and 1966-1975 (Table 3) which are
shown in Figure 5. Since a crop-growing season of

60
40
20
A A

1947-1955

100

(
@
o
1
~
Q
2

t.
& o
o o
111

~n
(=]
1

Probability

1956-1965

80 70%

1966~1975

1T

Week 0 5 10 15 20
Month Jan Mar May

\ T - T ™

T T v T
30 35 40 4 50

Jul Sep Nov  Dec

Figure 5. Rainfall probability estimates of R/PE = 0.33 for three selected datum periods, Dakar (YofY),

Senegal (14° 44N, 17°38°'W).
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‘robabilities (R/PE > 8.33) of weekly rainfall in
pur (Yoff), Senegal,

Weeks Probability
Data- . rainfall of having a
collection probability growing season
period exceeded 70% of 10-12 weeks (%)
1947-1955 10 80
1956-1965 7 60
1966-1975 6 40

about 84 d is required for optimal groundnut pro-
duction in western Senegal, the constraint imposed
by shortening the length of the growing season could
have grave consequences on crop yield.

We have also analyzed, on a similar basis, the
precipitation data of afew other African groundnut-

gwing locations. We observed a similar trend,
1hese results show that the agroclimate of the
groundnut-growing areas is fragile. The rainfall of
these areas is low and seasonal, and preliminary
indications are that it d d in the past few
decades. The growing season is getting shorter.
Further, the groundnut-growing soils are sandy,
shallow, and in many cases highly prone to erosion.
A serious interdisciplinary farming systems research
effort must be continued and further intensified to
evolve new and improved groundnut-production
systems to increase and stabilize yiclds in the SAT.
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