iaster Set

OR: Pl:ase sce querle: on

\Q

CSSA, 6SSA; 677 8. Senoe Rd.

:“\

Cep b

Chapter 32

wwten. e 2:8dbal Climate Change and Crop
Production in the Sudano-Sahelian

Nu ather issue in the recent past bas genetted so much

‘un. .uul S0 umd| |uu<. cover
chang,
and |It,\clu|mm umnlm S 10 one sunnmit wl(ll the
that there are finite limits 1o (hy Mogics llgxplmhmou \vl(hm
national boundarics, and that i is time that we tegand planct
carth as a common sesoutce. This is because greenhiouse
gases released any where in the world dispense rapidly in the
global aunosphese. Neither ihe location of the release nor the
activity resulting in their release makes much dillerence
(NAS, 1991a).

Waggoner (see Ch. 30, this book) appropriately emphi-
sized the impact ol pojected climate change on crops, While
there is universal agreement that the direction ol climaie
change, especially at the regional scale, is somewhat uncer-
tain, there should be no degree of complacency that adapta-
tionto climate change will be casy. The importance of the vate
of climate change must be assessed by comparing the rate at
which the systemns that might be affected change and adapt
(Ausubel, 1991). Adaptations me expensive and the level of
and cconomic development of a conntry deter -
mines the extent (o which conntries can cope with climatic
changes. Two dissenting ve inthe Reports of the Synthe.
sis aned and the Adaptation Panel of the National Academy
of Science (NAS, 1991a.b) highlight this issue, People,
economic activity, infrastructure and natural context cannot

be dissociated, Jcsskn“ 1 (NAS, 1991a) jons that
costs (that ase indisy (including human suf-
fering) begin to apy deccplivcly ble when viewed

solcly from the perspective of their impacis on a multivillion
dollar economy. Jane Lubchenco (NAS, 1991b) echoes the
same view by saying that we have 10 worry about the costs of
adaptation and dese substantial difficultics are anticipated for
developing nations (0 adapt (o climate change. The objective
of this chapter is to examine possible impacts of climate
change on crop productivity in the Sud Suhelian zoue
(§S2) of West Alrica,
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321 SUDANO-SAHELIAN ZONE OF WEST
AFRICA—A YULNERABLE REGION

Although Waggoner (see ch. 30, this book) does not prefer
the teum vl bility since it is pej , several reports
APCC, 199000 Py et al., 1988) refer o countrics in the
atid and semi-mid regions, upcunlly in West Africa, as
being vulnerable to projected hange. Recently, IPCC
(199 reinforeed "IL concern that climate change resulting In
increased Nequencies of drought poses the greatest risk o
agriculture. Consequently the arid and semi-arld regions
which are alieady having dilficolty coping with environmen-
tal stress, are likely to be most valnerable to climate change.
“The report cantions that the aceelerated reduction of wopical
forest with climate change on the African continent could
sesultinan encroachiment of the Sahel syudmmc into the now
]il(NlllUlV savannas,

The SSZ extends over several countries hom Senegal and
Cambia in the west to Chad in the cast. The growiug scason
vanies f1om 60 to 150 d, but most of the region hus a growing
season < 120 d (Sivakmmnar, 1989). Subsistence agriculture is
the main made of livelihood and 90% of the population Hves
in villages. Extended droughts since 1969 and successive

wilmes resulted in a decling in the per caplta food
production, The following are some of the reasons why the
$SZ ol West Aftica is vulnerable.

32-1.1  Prevailing Low Rainfall and High Temperatures

Incrense Uhe Risk with Clinute Change

Agriculture tn the SSZ, which is predominantly rainfed, Is
linely tuned to climate as it relies on the timely onsct of
vaintall and its iegular distiibotion through tie rainy season,
Jenee even a stow, small change towards a worsening cli-
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mate can increase climatic risks. Waggoner (see Ch. 30, this
book) concluded that if the present climate is a productive
one, warnmer and drier will hurt. In the SSZ, however, the
present climate itself is marginally productive, and this intro-
duces a much greater risk if cliwnte worsens further, *

The monomedal rainfall in the SSZ, concentrated in a
short period of 3 to 4 mo is low, variable and undependable,
With the large temporal and spatial variations in 1ainfall, the
traditional systems of crop production are often very vultier-
able. Below normal rainfall could persist for 10 to 20 yr. For
example, it has been established that at several locations in
Niger, a significant decline in the annual and August 1ain{all
has occurred since 1966 (Sivakumar, 1992).

Air temperatures in the SSZ arc usually high because of the
high radiation load. From south (0 north temperaturcs in-
crease and rainfall decreases. Environmental conditions dur-
ing the stage of crop establishment in the SSZ, especially in
the low rainfall areas, are usually hiarsh since the sowing rains
follow a long and hot dry scason. Mean maximum tempera-
tures could exceed 40°C al the time ol sowing and absolute
temperatures could be much higher (Sivakumar, 1989). Diur-
nal variations in the air temy and soil tem) al
the suiface and S-ci depth belore the onset of rains (Fig, 32—

Y show that the surface soil temperntures ca reise

apidly from 27°C at 0700 he to 56°C at 1400 br, Although the
“surface soil temperatures deciease after a rain, with a shoit
dry period and clear skies, aunosphetic conditions can quickly
return to those described in Fig. 32-1,

32-1.2  Climatic Extremes Under Projected Climatic
Change Can Pose Serious Problems

In view of the disagicemnent on the extent of future wasm-
ing, Waggoner (see Ch. 30, this book) lavors an intermediate
realm of 110 2°C warming. I
scenatio, e nature, liegu and sequences of extieme
cvents ntay have a sigaificant impact on crop production in
the Sudano-Saliclian zone. Episodes of higher wemperature
are likely to become more fiequent. The number of days with
temperature above a given value at the higher end of distribu-
tion will increase substantintly and there will be decrease in
the days with temperature al the lower end of the distribution
(IPCC, 1990a). Data presented in Fig. 32~ 1 aise an important
Tow would the intermediate sealin of winming ol |
the mean alfeet the mavimum femperannes at the
soik smface? 1is conceivable that swlace soil tempertoees
could exceed even 60°C.

l)ml«.r higher air tempenmes, uuylm. degradation will
limigy hesis and growth. es will
wsul! in incicased rates of potential evapotianspiration. In
the tong tenm, the very establishment and swvivat of species
in both the managed and unnaged ecosystems in this
region may be threatened sesulting ina change inthe commy-
nity structuee.

Although the ditection of change in precipitation with
climate change in West Afiica is unclear, episodes of extreme
events such as droughts and high intensity minfall are Ilkcly
to increase (IPCC, 1990n). Rainfall decline and droughts of
the past two decades in the SSZ have ahieady alfecied crop

cn under this modest warming

Fig. 32-1. Diyrnnl varlation in the sir temperature and soll tempers-
tures ot the sniface and S-cm depth hefove the onset of ralng on 10
Nuy 1992 ot Sudure, Niger,

production, In the Sahelian region, where the rainy season Is
abieady short, further increase in the frequency of droughts
will have serious consequences.

32-1.3 Poor Soil and Crop Management
Mauke Quick Adaptation Difficult

e \llivuy of a crop o climate change uepemln not

shiess, lmt .ll\n on other components of mc system, The poor
soils of SSZ with low native soil feutility are n major compo-
nentatlecting this itivity. Arenosols and Luvisols are the
two major soil types in the SSZ accounting for 56% of the
total aren (Sivakumar, 1989). Arenosols are sandy, acidic,
and low inorganic natter, cation exchange capacity, Nand P,
With the reduced ratio of the length of fallow to cropping
years in the $S7., soil fertility has been declining, According
10 Mudahar (1986), average use of fertilizers in the sorghum
[Soghm bicolor (1) Moench] and peasl inillet [Pennisetum
glaucum (L.) R.Br.) growing countries of West Africa was
only § kg/ha. In the absence of added manure or fertilizers on
these poor soils, the putiient teservoir of the soil under
comtinuous cropping is dropping 1o levels which can no
longer sustain the desired yicld levels.




plbe lack of suitable fertility management s further aggr-
ted by the limited, untimely soil
\infall lnlmlues in lbe SSZ are much ;re.mu than In‘the
zonesand in
l.rlcultunl mmgemem and soil conservnlkm Although
appropriale soil and waler management practices are crucial
for making efficient use of the limited rainfall, adoption of
such soil management practices at the fann leve irtually
unknown. In a major part of the millet growing region in the
$SZ, use of animal traction [or preparatory cultivation is not
common and the soils are seldom plowed (Spencer &
Sivakumar, 1987). Ou soils that are hard and crusty, nou-
adoption of soil tillage results in low infiltration rates and
runoff, and in low water use efficiencies.

It Deforestation, Land Degradation and Wind
Erosion Threaten Sustainable Agriculture

The traditional shifting cultivation systen in the SSZ was
Fallowing all I for nutiient buildup which
ing subsequent cropping seasons, Since only the
fallow was clcared, the C balance was maintained. However,
with incicasing population pressr ge scale cleming of
marginal arcas and biomiss burning has become more com-
mon and mounocropping has come to replace the shilting
cullivnlinn.'ﬂ'hc widespread deteriontion of large meas of
nath in the se rid segions of Afvicais believed to be
ssociated with the overexploitation of sasginal land via the
removal of wood and overgrazing (Bartow, 1987), While the
clearing of closed ropical forests in Afvica accounts lor 18%
of the world cleuning (FAQ, 1988), the open forests in Alvica
are disappearing at an alanning rate and contribute 10 62% of
the total destruction of open forests worldwide. Because the
open forests are mainly an unmanaged ecosystem, (heir
regencration may pose problens.

Deforestation and changes in the kand surface comditions

can also have an important influence on ginfall. Our studies
in Niger have shown that on baee soils that resalt from such
degradation, evaporation rales are much lower compaed (o
the fallow bushland (Wallace et al., 1990) thereby disturbing
the natural hydrological cycle. The [ ck elfects could be
important as Laval and Picon (1986) have shown that an
asc in albedo can inhibit raintall. ‘The feedback implies
tation may be ditticnlt o revesse,
g Land degradation leaves the bate smface soil
susceplible to wind erosion, Data collected in Niger show thay
the increasing wind erosion is leading to decreased visibility
(Fig. 32-2). As compared to the 1960s, during the 1980s there
was a signilicant increase in the number of days with poor
visibility (<5 km), The problem Is becoming particulily
serious at the beginning of the rainy season, when ming me
usually |wcquc1l by dust storms wnh violent winds, Mtwm;,
sand g ly alfects crof blish by d g (he
\l.cdlmgs by “sand blasting™ and the high soil lmnp«.r.\lmc\
during this period cause further dmnage. Lack of adoption of
appropriate strategics at the farm level, especially in the
Sahelian zone, to reduce wind crosion and sand blasting is
leading to suboptimal plant stands and n,plnnlmg over luge
arens. This has a feedback effect on land degrad

was uscd dy

Fignre 32-2 Changes in the vislbility from the 1960s to 19808 at
Niumey, Niger. (Dntn soureer N-ilnn-l Mctenralogical Services of
Niger.)

32-1.5  Demographic Pressures, Declining
Productivity and Low Per Capita Incomes
Raise Dilticult Questions of Tradeolfs

Population growth rate In West Alrica is one of the highest
in the world, Unfortunately this growth has pat stress on the
matueal resource base and increased environmental degrada-
tion, wking it even more difficult to obtain the required
production gains 1o sustain the growing populations, While
population has been growing at close © 3% annually, there
lias been a declining uend in the quantity and quality of
cultivable land arca per inhabitant. If these trends are allowed
to continue, FAQ (1981) projects that by the year 2000, per
capita food production will decline by 30% and cereal self-
sulficiency from 85 10 65%.

Average productivity of the cereal crops in the SSZ has
1emained stagnant over the past two decades. For example,
average yields of millet in Niger declined from 570 kg ha'in
1964 to 340 kg ha' in 1987 (Fig. 32-3u). In comparlson,
during 1950 o 1980 wheat yiclds in USA fucreased annually
by 50 kg ha' (Fig. 32-3b).

Giross national product (GNP) and per capita incomes of
countries in the $57. are among the lowest In the world. With
such poor per capita incomes, the Sudano-Sahcelian reglon
taces ditficult trade-off's between sthnulating economic de-
velopment and allevinting environmental problens.

32-1.6  Poor Research Infrastructure
Limits Innovative Adaptations

One of the most un|mr|nm prerequisites for the success of
the ad i led by several forums

CPCe, l<)‘)()h NAS, I')‘)lb) is to cusure that the inventive

genius (hat makes the many tech uscful in

to climate is availabic to most people. The rate of adoption of
new cultivars at the farm level could be used as an example.
In the USA, the estimated life span of cultivars is 7 yr for
maize (Zea mays 1..), 8 for sorghum (sorghum bicolor (L.)
Moench] and conton, (Gossypium hirsutum L.), and 9 for
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g, 328, Varintlons In the avesnge ym.h ..n.),.unm.uu in Niger
e b) wheat yields in USA. (Dutu sources FAO Year Boaks.)

wheat (Triticum aestivion L.y and soybeans (Glycine mua(l..)
Merr.} (Duvick, 1984). It is no surprise that with 60,000
naize cultivars and hybrids in preliminary tials in 1980

d to 454 in.c cial uses (Wilkes, 1984), the
werage life span of a com cultivar is ouly 7 yr. For pewl
nillet [Pennisetum americanum (1.) Leeke) in the $SZ, it is
sstimated that in 1990, only 7010 100 cultivars of pew | millet
were Lested in preliminary ials (K. Anand Kunvar, 1992,
personal communication). ln Niger, the pearl millet cultivar
CIVT, developed in the carly 1970s, is still being used as the
improved cheek in breeders wrials and is the most important
improved cultivar tecommended for general cullivation,
Use of such improved cultivars at the tarm level is still
very low,

32-2 COPING WITH CLIMATE CHANGE
INTHE SUDANO-SAHELIAN ZONE

Whether or not there will be a signilicant climatic change,
the mhuemcllmnﬂc v'ui lull(y in the SSZ makes the necd for
una Ly [ problems facing this

mne are s(:n(ms and certain. The need tor development and

of agricultural gics on i
n:gwml scale is crucial in this m.uun.nl u.gmn (lml is nllL.nly
I J by envi L ) ad-

npmlmn that begins with 1u|u.||muon and mlunn.umn (NAS,
19910) is a good strategy for this region. The approaches
should be prescriptive and dynamic rather than descriptive
and static.

32-2.1  Use the Amnlogue Approach and
S!rmg!lnm Internativnul Research

One of the chameteristic features of the SSZ Is a north-
south guadient i temperatme and rainfall. ‘This offers an
advantage in the sense that the climates that may be experi-
enced at a given site in {uture foe the most part, are climates
that are being cd already so along this
gradicnt. Although there are some diflcrences in soil types
along this gradient, crop responses to a given range of
temperates ad rainfall could still be examined since all
occurrences of a detined class (rainfoll and temperature)
should respond (0 management in a similar way.

Lilective I ion of the anal h re-
quites the cooperation and coordinated action of all the
countries in the SSZ. Hence, it is necessary (o create a
network of 1esearch and experimental sites, Fortunately, for
millet and sorghum, the most important cereal crops in the
SS7., the Westand Central African Millet Research Network
and the West and Central Afiican Sorghum Research Net-
waotk we already functioning. Activities of these two net-
wanks e conndinated by ICRISAT. An intemational pet-
speetive is o presequisite in the inyg lon of Uie ana-
logue approach since it is ditticalt for any one national
progen to keep abeeast ol all developments across this vast
climatic zone. From the climate change perspective, It is
neeessaty (o lusther siengthen the research of the Intena-
tional Apricultural Resemch Centers and the networks in
West Alrica.

32-2.2  lmprove Monitoring

To carefully assess the impact of luture climate change on
the managed and unmanaged ecosystems in the SSZ, it is
crucial o monitor local climate, and natucal changes in
species adaptation. 1t will be y to install imp |
methods of climate monitoring by taking advantage of recent
developments in awlomalic weather stations which enable
casy recording of the ocemrence of extreme events on a
1outine basis. Recent lvinees in satellite technology also
olfer the possibilities tor betier monitoring of the managed
and ped ecosy s. o species ion, itwill be
uselul 1o set up phenological gardens at bench mark sites in
the SS7 10 cnelnily assess the changes bn their adaptation and
in the duration of the developmental stages.

3223 Use Strategles for Efliclent Natural Resource Use

lucreasing the [ ion and heuing of

conservation is the lirst step in copmu with the climate
chamge. These strategies will include, for example, soil and
woisture conservation, betier nvisture use e[ﬂclency,colic«.-
tion and recyeling of runoll, reducing d
ing ref jon, and reduction of bi bumin' Sum-
gies (hat can increase the water use efficiency, such as relay
cropping during years with early onset of rains, are sow
available and should be transferred to (he fanm level,




MRODUCTION IN WEST AFRICA

=2.4  lmplement Sustainable Agricultural Practices

It is imy i the emphasis on the develop

ment and adoption of techuologics that increase the produc-
tivity or effliciency of crops cousistent with the principles ol
sustainable deve

possible strategi

e SSZ includi

tems, traditional agro-silvi- -pastoral systems, choice of ap-
propriate crop varieties, interciopping/relay cropping of ce-
reals with legumes, Faidher bia albida systems, mixed e/
grass/crop systems, rotations, use of manures with a limited
quantity of fentilizer, and use of crop tesidues.

32-2.5 FEnforce Etfective Intervention Policies
Ouce of the adaptation sttegics recommended by NAS
(1991b) is the intcrvention by governments to manipulate the
citcumstances of choices. The criteria Bid dowa for govein-
ment action (NAS, 19910) apply 1o the $§7. even now:

1. Amount of time needed (o caury out the adaptation is so
long that we must act now.,

2. Action is profitable even when elimate does not change.

3. Penalty for waiting a decide or twao is great,

The need for good, timely climale infoumation in the
drought-prone regions is oo well known to be stiessed.
Recent developments in the infoumation technology now
make it possible to quickly acquite and sont the enormaous
anount of information inlo items relevant o the end user.
Implementation of policies w0 provide timely information,
improved weather and climate forecasts and good neakels
should help the fasmer adapt quickly.
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