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INTRODUCTION

Before embarking on 2 programme to improve adaptation o
diought, 2 questions need to be answered

1) How long s the useful rainy season for the species being
stadied.

23 For a zone with a given useful rainy season length, what are the
rizks of drought occurring depending on the stage of development
d hy the plant
T'he answer to the first question makes vt possible to fix the cycle
tes be conght for each zone considered, bearing in mind the
a probability of the crop succeeding. Once the different levels

sceptibility to drought, depending on the stage of development
Lhu by the plart, have been placed in order of importance, the
answer to the second question makes it possible to put forward
in-tial hypotheses as to the types of adaptation mechanisms it would
be best to seek in this species.

The interest of such an approaclr can be illustrated by the
groundnut growing situation in Senegal since the end of the 1960s.
This country, kcated n the Sahel zone, has been experiencing a
prolonged period of drought which justifies the introduction of a
px wgramme wmed at improving dreught adaptation in groundnut.

yought characicrization is the csscmxal first step in defining the

+ earch 1o be undertaken in this type of programme (Khalfaoui and
,»\' nerose, (987 Annerosc. 1988). This study is generaily based on
a ruhple vesn anniyses of ranfall (Khalfaoui and Aunnerose, 1987).
Nenetheless, this approach s not erough to scquire a sausfactory

wonre of agnicndhural drought. The Jatter notion s particularly
maornt ia semi anid zones where substantial annual variations in
chrnate drought and in the differences o crop susceptibility
deeuphtdepending on the stage of development reached complicate
ascesaraent of dr s on productivity

Ysowe have abeady ilustrated (Anncrose and Diagne, 1990),
MU gation of s npk physiological data on plant functioning when
mie delling a crop’s water balance can provide significani additional
1zon m agricuttural deought assessient. We shatl therefore now
£ wath oopew assessment of drought forms in groundnut in
val Ann"rprn.\; to be more specific in the objectives defined
PO Lo this species’ adaptation to drought.

Determining the fength of the useful growing cycle.

The useful length of the rainy scason is determined as the period
hetween the date of the first rainfall at which sowing can take place
{(firit sowing rsin) and the date on which the casily available water
rescrve along the voot profile no longer meets some or all of the
Cron's water reguirements

Determining the first sowing rainfall will depend on :

a - the type of crop ; for example, millet is often sown dry in the
Sahel zone, since it can germinate with small amounts of rain and
survive until more substantial rain falls. Groundnut's greater water
regsirements for germination and the higher cost of seeds mean that
this crop has 1o he sown under bumid conditions with rainfall
ampeunting to at lesst 15 wm (Dancette er ol., 1976) .

b the date the rain falis. its intensity and the probability that u
will be followed by further nunfall enabling the crop to continue its
developmuent without sericars risk of dreught early on in the eycle,
Heroe after rainfali of a given intensity ot will be casier to decide 1o
sow the later the rain occurs ;

v the tvpe of sedl and Crop techmques, which will determime the
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soil’s hydrodynamics, espectally humidification depih. For exanmya
the very sandy soils of dune origin in northern S i have mu b
lower water-holding capacities than the Jdayey soils in centmld
southern Senegal and will liniit the amount of water available to f -
crops. Likewise, Chopart and Nicou 1 1975) showed that plovghsi.
at the beginning of the cycle reduces water evaporstien {row ¢
and favours root development ;

d -~ the root characteristics and reoting
used, which will determine the volume «
quantity of water avalable to the plint,

By integrating the prineples pnmaily desc
pomts, Dancette (1978) developed = mothind 3
probability of crop success depending on the 1y : PN
rain falls and s intensity Kaos of the ave vawt og
rements for crops to survive, combmec with nicl vear st st .
analysis of m'nfdll distrrbution provides i rehisble ool on a regros
scale for deciding when to sow.

Determining the date on which he rained sason ends ae
Wdentifying drought periods is a much more comupler matter Tios
requires dynamic utilization of avidabie mnfonn

ol

Ao an 1
characteristics, the quantity of water avadlabic fn the soil and 11
crop's waler consumption. To this end e wi s mele of a groun:
nut water balance simulation mod:! the
bioclimatolog ata and a fow w i
relative to the plant’s reacion to droaes
1990).
e developnrent and rate at whio
FEGUITCINCALS e met were sintdated W
1947 in 27 Senegalese lecations to the nerth
Three varety tvpes were conad {
shot ey i varienes (00 dae ¢
to the eurliest vaneties currently avah b oy
mtermediate evele variete Blys), atics seml caris
fong cyele varicties (120 days ed late.

The wseiul fength of the ramy Seaso (VLRN chfeteryme
the cyele Jength of e vaneties 1o be wsed. rs caleshited ae beny

ULRS + PLRS - NDHPN + A g7
where PLRS - the potential fength of shie rde sovn o dhane
date - sowing date),

NDHPN the number of davs frem barve v
synthesis has been nil, ve. § days atter the start of sircss
and A = the period during which the plant van wae 6 carbohydran
reserves (o fimsh off its cvele when ph»wsml}n'n, s nilowithin th,
following limits

Aax 18 fixed at 8 days. Beyond this Bt even i reserves are
available. the decision to harvest s taken becate Goving sut of te
surface layers of the soib s assumed o significantiv increase the risks
of losing pods in the ground when the plants are hifted.

If NDHPN is under 5 days. A 1s equal to NDHPN

The frequency distribution of ULRS simulated ver the perio:d
for the different locations then undergoes zoning of satistied cveles
for the country as a whole.

Examination of the regional varicty
of the ULRS zoning mup (Fig 2) shows that the length of 1h
development cycle of the earliest vanienes extendec (90 Jays) wa
oo long during the period counsidered to errure a satisfacior
probability of procuring i successful groundaut gap - 7 out of b
years) in the northern hall of Senegal. 1 the adcent central con:
bordering onto Gambia in the south, the exiendod = anieties pro v
to be well adapted to the cstimated ULRS

The agronomical performance of the carlest vanety i the
collection. Chico (Sparish, 75-day cycle in Senepod) - neghgibie ine
means that its extension 1s not possible.

One of the main aljectives s therelonre to vun b Che’
precocity characters with the agrononie potencidl of the 90 La
varieties  cirrently  extended. By directing the  anprovensend
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JOOT piydT - Sl R o e
WIRPO - nombre de jours 4 la récolie depuis lesquels la

ph :tosynthcsc de la cultuge gst nulle, soit 5 jours aprés le
2hul du sncs:. ;

it A = periode durant iaqueil la plamc pcut utiliser ses
réserves glucidiques pour boucler son cycle lorsque la photo-
synthése es: nulle avecles conditions linutes suivantes

Amaxest fixed S jours. Au-deld de cette hmite meéme
si+1eg résenves sont encore disponibles la décision de récolter
'stoprise cir on considére que Passéchement des couches
aupatficielles du sol augmente significativement les risques
do pertes e t2rre dos gousses Lors de larrachage |

si NIRP est inferieur 4 =
NIRPO.

tours alors A est ¢gal 4

fa disuution fréquentielle des DUSP simulées sur fa
pénode pour les differentes localites est ensuite reprise pour
sfectuer un zonage des durGes Jde cyeles satsfaits sur
Cersemble du pavs.

A Pexamen de la carte de repuarien visiétale de la régon
e 1y et e f carte duovonace des DUSP (Fig. 2) an
yodate que durant o période

deoreveloppime

crepderce b durée du evele
ptdes varietes s uleanseos fes plius précoces

(9 gours) ctrep longue pour assurer une probab:
Uebisante de et . 7,

ARNCes
RTTE ] L FPL I OO FE SIVRY PO,

1s b zone Centye

- 63
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-

adjacente ¢t bordée au Sud par la Gambie les variétés

vulganseessesont réyéées bicn, adaptccz. aug, DUSP. esti-
mecs

LX) ,ﬁ,olluguon, Chxcu
(Spanish, cycle de 75 _]ours au Sénégal) a un niveau dc
pet formance agronomique ncghgcable qui ne permct Pas sa
vulgarisation. iy

Un des prmcxpaux objccufs &st donc d associer les carac-
téres de précocité de Chico avec les potentialités agronomi-
ques des variétés, de. 90 jours, actuellement Vulgarises. En
engageant le programme d amehorahon dans cette voie on
peut affiner |a caractérisation dc.)d région en Ce qui concerne
les DUSP et faire la digtinction entre 3 grandes zones :

I une zone Centre, comprisc entre Ja, Gambie €t un axe
passant au Nord d'une ligne Dakar- Bdmbcy, pout faquelle
lalongueur de cycle idéale (120 & 90 jours) exisie déjd parny
les vaiétés vulgarisées ; '

2 - une zone Nord, comprise entre la zone Centre ¢t une
ligne passant par Louga; quipourra étre colonisée par les
variélés trés précoces (90 4 75 jours) nouvellement créces
Bien quc la locahité de Louga soit située sur une ligne de
DUSP égale a 65 jours (Fig. 2) elle a é1¢ incluse dans cette
zone, Cel te décision est dictée par le fat que la DUISP a éte
déterminée, pour cette localité, en simulant le développe-
ment 'upne varieté de 90 jours dont Jes besoins ¢n cau d
touies ks phases de son cyde doivent ¢ure supérietirs & ceux
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or; sentant une bonne pladiicité, 3 travers I'amélioration
st 'Jltagx ée- dEs, Caractcrmiaggonoxmqucs et,phys &loglclucs
d’witenﬁznt cf 3¢ (olérahcé 312 se'chcressc afin'de pnvxlcgn,r
lastabilité. desa,rgné%ments Puisque:les Igugueurs de cycle:
idéales sont de;a d;spombles paml les vanetes vul aArisées

cmjcctxf $exaid dsSogier dansiun: héme matenel Jes perfor-
mi nces agronomlques des variéés hitives 4 tardives dga
vu garisées 3 des gara:ter&s physiologiques leur permettant
d largir feur capa&:xtc de réaction 4 la sécheresse,

CONCLUSION

| "intégration des acqus agro-biodimatologiques ei tic
yutlgues concepts physiologiques, dans cette &ude, a pet mis
de mettre un certain ordre dans la perception que I'on peut
a 4r de la scherese en s basant uniquement sur les
ol servations pluviométriques.

Cette analyse-a misen évidence I'existence d'une grandic
variation des formes de manifestaion de la sécheresse su
n: reau du bassin arachidier sénégdais qui concerne a la fuis
a Jurée utile de la saison de culture et la fréquence de
1 wifestation de périodes de sécheresse en cours de cvcle

Fllc a permis de formuler les premiers objectifs de sef « ton

4 ateindre pour’tenter,d’améliorer I precxuctwm de e
espéce. C‘cpendam Thétérogéndité annuells e s 8
formes de SCChCr(‘bSC srencontrées indique «ue ce: n!“-fa ol
doivent &tre précisés en complétant Fanalyse par 1y
description des effets de la sécheresse en 7w Cior g 1 ¢
développement auquel dles sc manifestent, ur a prc oty
finale de la culture. La connaissance des niveanx de s rsihi
lit¢ au manque d'eau en fonction du stade de dévelepp sineni
devrat and permetre de hiérarchiser importince des
différentes formes de sécheresse observées e des formes
d adaptation a rechercher.

Ces deux niveaux d'andyse constituent, pour Vam Lo
non des espéces cultivées en zone sahélienne des apes
indispensables dans la mise en place de programnus: ¢'and
horation de I'adaptation 4 la séchercssg. 1is ont 1l umg
avee les méthodes décrites ici. d'associer dans des vuiils d
dragnostic cohérents des données souvent éparses dor
I'ntégration facilite la formulation des bones jue <t
préalables et des objectifs & atteindre o s o v oo
programme.
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SUMMARY

C haracterization of agricultaril drought in semi-arid 7omes.
1. Assessment of agricultural drought forms in Senegal by
simulation of the crop’s water balance.

LML ANNEROSE, Offagineus 1991, 46, N° 2, p 61-67.

Phe agreultural drought forms affecting groundnut in Sencgs
»re analyred using crop development and water requiremer
colation. With the current widely wvailable varneties (90 to (20

va). thice major zones were defined in the Senegalese groundau
U deperding on the useful length of the growing season and the
10y of stiess duning the growing cycle. For each of the zones, these
o.cnowere weed to determine the imtial objectives of an improven:ent
~ogramme for adaptation to drought. The need to improve the
Sevocnty of planting material intended for the northern region ind

ainove physiological drought adaptation characters for the
coatral northern and central southiern regions was thus made clew

v

[5] DANCETTE C. ¢t SOW C. S {1976). - A se aareclimao
la saison des pluies en vue de faciliter fes chois de dar ;
développement  agricoles (le cas de Niro du Rips D
ISRA/CNRA Bambey Sénégal. 6 p

1#] KHALFAOUI J. L. et ANNERQSE D.J. M. (1957). - Cioi
tale d’arachide adaptée aux contraintes pluviometriqu
semi-arides. In « Actes du symposium : Agrométéorolo
chide » ICRISAT, OMN, FAQ. Aont 1988, MNiamey, 117

RESUMEN

Caracterizacion de la sequia agronémica en arcas semidridas,
I1. Evaluacién de las formas de sequia agronomica dof maoi
en Senegal, por simulacidn del balance hidrico def cultiva.

) 1 M. ANNEROSE, Oléuginewx, 199146, 172 p. o167
Se ha realizado un andbsis de las formas de seqiia aoronomicas
il mani encontrado en Senegal. basdndose en anu simulacidn del
iosatrollo y de las necesidades de agua del cullive Las vastadades
,11101:1 divulgadds (de 90 a 120 dias) se hallan distribuidas dontro
tres grandes areas cn la cuenca manisera de Sencaal en L base de b
acion il del periodo de cultivo v del riesgo de proadue
ss» durante ¢l ciclo. A partic de estos dates se ba log
especificar para cada una los primeros objetivo- de un progr
mejora de la adaptacion a la sequia. Asi se logrd cvider
necesidad de incrementar la precocidad para el materia
destinado a la region Norte, y de mejorar los caracteres {isiolagicos
de adaptacion a la sequia para las regiones centronorte ¥ centrosur
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srogramm: along these lines, the region can be characterized in
“reater detail as regards the ULES .md a distinction can be made
clween 3 majer Zores

oA contial zong, between Garabia and an axis passing North of
line Dabar-Bambe for which the ideal cycle length (120 12 90
ayvs) already =xists amaony the extended varicties.

1o A neithern zare, botween U central zone and a line passing
srough Louga, whz\jl sould be cccupied by newly created very
Ay varicdes (99 to 75 days). Alshough Louga is located on a line
tha ULRS eguat 1 65 days (Fig 2), it was included in this zone.
viis deaasion was povarned by the fact that the ULRS was
Aerminec By this focation by simulating the development of a
v v et owd e reguirements in all the phases of its oyele
Ser thuan for g shodter cyele variety. We therefore
hoihis 65day UERS limit for a 90-day variety, a
v could finish oft its eycle.
aurthesn regron kecated tor the North of Loug. for
rable preccerty does not exist m the collection. in this
it el l?i( n under ranfed conditions can oniv be
new, v et sk o il pod preduction is aceepted,
iy f 1o ‘:rm‘uu,(.u characiensties for this c1op
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in the northern region. This result means that the drought periods |n

the Central region are briefer during the crop’s development cycle

A comparison of this result with drought risk distribution depen-
ding on the stage of development reached by the plant also reveals
high variability between the dates on which drought nccurs i this
region from one year to the next.

Ilowever, the situation is different for the southern part of this
region represented by Nioro and Sinthiou-Maléme, sinee this zone,
located at the limit of thc Sudanese climatic zone 5 prharily
characterized by end-of-cycle drought for the extended variet:es,
with jow risk for the cycle as a whole.

The heterogeneity of the data obtained in the ot the i pari of tins
zone also reveals the difficulty of accurate drought risk zoning
depcnding on the stage of development reached by the: crep in this
region. This is well illustrated by the results obtained at Bambey sad
Diourbel, two sites locdted 25 km apart on the same latitude.
Although these two sites are in a zone where drought gsks for the
cycle as a whole are the same, risk distribution at Bambey aiso
involved the different phases o f
Diourbel, drought risks were high during flowering and mil ¢uning
fruiting.

In this region, the high variability of the drought perds will
therefore make it necessary to dcvelop highty versavle material,
through simultaneous improvement of agroncmical and physiclo-
gical drought avotdance and tolerance characiors. se o 66 favour
yicld stability. Given that the ideal cycle lengthy are alrecdy found m
available varietics, the aim will be to combine i the s vne nustenal
the agricultural performance of the carly to fate vanctics wready
extended with the physiological characters that enuble them to
enhance their ability to react to drought.

CONCLUSION

The integration of agro-bioclimatolopical sropress wulia fow
physiological concepts in this study provided o clears: pwiure of
drought based solely on rainfall observations

This analysis revealed the existence of substantiad vanatins w ihe
way drought occurs i the Senegalese groumdnut busing, both s
regards the useful lenpth of the growing scason and the hiequenay
with which drought periods oceur during the growing cidho itwas
suhsequently posstble to determine the primais seloctio s oo ctises
e be met moan sitempt to improve productivits o chis .
Nonetheless, annust and spatial heterogeneity o the didtonc
of drought encourtered indicated that these » !'ju 'iw < need e
more clearly specified. by completing the ana. \»1 wWith a eetanaed
description of drought effects on the me s el pe m" RITEH I TR ST
ding to the stage of developmient eac b plast wie i
oceurs. Knowledge of the plant’s susceptibiling 0wt
depending on the stage of development it s yeached
make it possible to classify the different formes of drousat observed
and the different forms of adaptation o be sought 10 order of
uportance.

These two levels of analysis are ossenbiad =leps 10«
suprovement programnes to adapt the species gresan a t E
sone 1o droughts Along with the methods doorioed abeve they
offer the advantags of incorparating mto coherent diag ot ol
certain data which are often scarce and whose integraion ruke o
casier o ask the right questions and deternane the objoone
reached in this type of programme
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