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ABSTRACT 

Bean (Plraseolus vulgaris L.) i~ an important food and cash crop grown in diverse environmental settings 
in Ethiopía. Its proouction is very heterogenous in terms oí ecology, cropping system and yield. This study 
analyses!he agroclímatic re5tlurces of 18 representative bean growing sites in Ethiopia and asseSsts the 
potential yield snd moisture delicít stress ming DRYBEAN (DSSAT V.3) growlo modelo Annual rainfaD 
oharious localions ranged rroro 580 mm (Mekele) lo 1995 mm (Gure). Seasonal rainralI varied rrom 270 
mm (Babile) lo 1650 mm (Gore). Toe lengtb oflbe growing ¡>eríod ís rrom onIy SOday. (MekeIe) lo more 
iban 220 days (Jimma). Among the agrodimatic variables, annual rainran, seasonal rainfall, Jengtb ofthe 
growing period and a!ütude (temperature) are important factors to cluster the bean growing regions iDto 
3 majar and 6 minar homogeneous groups in agronomic sense for strategic planmng. Simuiated yield 
potential varied from 1,6 ! ba" (Jijiga) to 3.3 t ha" rnako), Planting dale has a significan! impac! on 
simulated yicld in tbe sub .. humid and senlÍ~arid clusters. Yield losses for each day of delayed planting alter 
the efTedive ooset of rainfaU reached up lo 60 kg ha'l day-l. Moisture deficit stress was found to be an 
important limiting factor in !he semi-arid and moderately limiting in fue sub~bumid regions. The analysis 
estabUsbed that bean improvement work sbould focus on the development ofhigh-yielding, long*ntaturing 
genotypes for multiple cropping systems ín the humid regions. In the s:emi~arid regions empbasis shouJd 
be Oh thedevelopment of drought tolerant and early maturing cultivars which lit well with efficientsoíl and 
water conservation practices. 

Key Words: Moisture deficit stress, Phaseolus vulgarist resources, sowing date, yield potential 

RÉSUMÉ 

Le harioot (Phaeolus vulgaris L.) es:t une culture alimentaíre et cornmerciale cultivée daos divers 
environments cadres en Ethiopie. Sa production est tres hétérogene du polnt de vue écoJogique~ systeme 
de culture et le rendement. La presente étude analyse des: resources agroelimatiques de 18 sites 
représentatifs de production du harieot en Etbiopie et évalue le rendement potentiel el la tensinn de déficit 
hydrique en ulilísant le modele de crtlissance "DRYBEAN (DSSAT V.3). La précipi!ation annuelle d. 
di ....... 10catio .... 'est rangée de 580 mm (Mekele) á 1005 mm (Gore) !andís que la précipi!aüon 
saisormiere a varié de 270 mm (Babile) a 1650 mm (Gore). La longueur de la période de croissance est 
_loment de SO jours (MekeIe) • plus de 220 jours (Jima), Parmi le variables agroclimatiques la 
précipitation annuelle, laprécipitation saisonniere, la longueur de la période de croissance et I'altitude 
(température:) sont de factenrs importants pour gt'ouper les régit>ns de productíon du harlcot dans trois 
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princlpam:: groupes et six petits groupes homogenes dans le sens agronomique pone la plannification 
stratégique. Le reud.ment potentiel simulé variaitde 1.6 tonnes/ha (Jijiga). 3.3 tonnes/ha (Bako). La date 
de semis a unjmpactsigniücatif sur le ri!ndementsimulé daos les groupessous·humides etsemi*arides. Les 
pertes de rendement pour -chaque jour de retare de semis apres l' approche effective de \)réd:p1.tatio 
atteignait 60 kglhajour. La tension de déficit hydrique étaít trouvé etre un facteur limítatifimportant dans 
les régions semi~arides et modérement Jimitant dans les régions sous~humides. L'analyse a établie que le 
travaiJ dlamélioration du harieot denait se concentrer sur le developpement des genotypes a hant 
rendement, a maturité tardive poUl les sysremes multiples de. culture dans les régions humides~ Dans les 
régions senú·arides, I"accent devrait etre plat:é sur le deveJoppement des variéte.~ tolérantes l\ sécheresse et 
des cultivars a maturité préroce qui conviennent bien avec les pratiques de cúnservation efficacé de sol et 
d'eau. 

Mots CUs: TellSÍon de déficithydrique, Phouolus lIulgaris, resources, date de semis, rendement potentiel 

INTRODUCTION 

Bean (Phaseolus vulgaris) ís ao Important cash 
crop and protein source ()f fanners in many puns 
of Ethíopía. It ís primarÍly a crop Qf smalI-scale 
producers and generally few inputs are used 
(Wortmann and AlIen. 1994). Beao IS compalible 
with nlimerous other crops in mixed cropping 
systems and is grown in di verse agroecologies 
(Fíg. 1 l. The maJor crapping systems mclude 
beans inter-cropped with rnaize. sorghum, mot 
crops or beao grown in sole erap in the Riit 
Valley. 

The nationa! average yield of haricoI bean is 
onlyO.S-O.9 tha' l underpeasants farming condition 
(eSA. 1994). The low yields are altributed to 
vanous limitations including biotic constraints, 
low soíl fertílity, unpredictabilily of rainfall and 
poor management. In mosl bean growlng regions 
rainfall is erratic in its distribution and the soil is 
oftensandy and wi!h low moisture holding capacity 
(Simane .nd Slruik. 1993). Therefore, the key 
factor affectíng the productivi1y are 1he length 
and dísrribution of moisture during the erap 
growing season. Development and Impleme~ 
ntation ofplans for sustainable production require 
an understandíng 01 the effeel of Ihe combined 
.ction of these factors. Allhough Ihese were 
known. no serious attempts nave been made to 
quantify cHmatic risks in ElhlOpia. 

Agroclimatic and erop growth models are use fui 
tools for evaluating alternative management 
strategie. and developing plans and poJicles for 
acruevíngmaximum resource useeffidency. They 
are usefui for investigation of long tenn weuther 

risles.The definítion of a dependable startíng date 
and duration of the growing season, and the 
quanlil1ca1ion of dry penods during !he growing 
season represen! major challenges In sustainable 
dryland farmíng arcas (Stern el al .. 1994). 

Diffcronl growlh models are used to: i) match 
crops, varieties and management options to 
specífic weather, soil and fanning situations; ji) 
assess sustainability of cropping systems in 
spectf;c areas; iii) plan agricultural development 
on a regional scale; and iv) evaluate uncertainness 
and rísk at field and farro levels. The goal of such 
systems is to improve Ihe perfonnance of decisíon 
makers while reducing the rime and human 
resources required for analysing complex 
decisions and (¡cid expetiments. W.fulu (1995) 
used Ihe crop simulation model CMKEN. alocally 
adapled version of CERES-maize, lo evaluate 
farrners' decislons with respect to management 
options and the inherentecononllc implicationsin 
Kenya. Thornton el al. (1995) also demonstraled 
Ihe use of CERES-maize model to provide 
lnformationconcerningmanagementoptionssuch 
as the timing and quantity of nitrogen fertilizer 
application and to quantify the weather related 
risks oí maize production in MaJawi. This paper 
presents a díscussion on the application of 
agroclimatology and adynanuccrop growth roodel 
lO define the agroecoJogy of bean production in 
Ethiopia. 

The main objectives of the study were tú quantify 
Ihe physieal resource bases ofharicot bean growing 
arcas and cluster them for strategic planning, and 
(o assess potentiul yjelds and possible cropping 
systems for sustainable productíon, 
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MA TERIALS AND METHODS 

A total of 18 major bean growíng loe.tions 
di.tributed throughoutEthiopia were assessed for 
!heir agro-ecological characteristics (Table 1 l. 
Selectíons were made based upon completeness 
of required wealher data. 

Agroclimatíc anaJysisof me locatíon, lo idenúfy 
maJorweatherconstraints wasdone using INSTA T 
statistícal packages (St.tistical Servíce Centre. 
Universíly oí Reading, UK). In view of r.infal! 
variability. aH agronomic events, such as start of 
lhe season, were defined usiog the concept of 
dependable values, wrueh is Ihe mínimum period 
lhatean beexpeeted in Ihree out offour:ears. The 
start of the season was defioed as the firsr oee.sioo 
when the avai1able soil moisture conten! exceeds 
40% of field eapacity and I Q days running total 

.. 

miofall exceeds 0.5 poteoual evapo, transplration. 
The end of (he growing season was defined to be 
when available soil water conten! drops below 
10% of f¡eld capacity. 

Correlation analysis was made to identífy the 
mos! important climatic varíables lo bean 
productíon. '!"he varíables used are longitude, 
latitude, altitude, anoual raínfall, modality of 
rainfall distribution, main season rajnfan. length 
of growing season, maximum temperature and 
mínímum temperature. Altitude, longitud., annual 
rainfall amount and distribution, seasonal r.llnfall 
and lengm of lhe growíng period are used to 
cIassify bean growing regions ¡nto homogeneous 
ecoregions, 

'!"he dynamie erop growth DRYBEAN model 
(Hoogenboom et al., 1994), a prncess oriented 
model ofDSSATv3, wa.. used totes! m.nagemen! 

PIiIOOUCTIO,.. RECilON'$ 
tiotS .. ~a.n, OHt J Q"d 

h ••. _.'---' "~.:rn, t 101 ... ¡ 

!i<Olc 
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Figure 1. Majar and minor bean production regions in Ethíopia. 
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alternatives fordifferentscenarios in bean growmg 
regiDos, The mode] allows the quaotitative 
detenninalÍon of growth aud yield of be.n with 
erop growth simulated wíth a daily time step on 
lbe basis of physiologícal processes, The soil 
water balance cornponent simulates surface fun
off, evapotranspiration, drainage and water 
extracted by the piant. Four different varieties. 
representíng differe"t growtn hahlts .nd 
phcnologics \I,cre used lO estima!c potenlial yiclds 
for eaeh cluster group (Table 2), Based 00 the out 
come of lbe agroclimatic analysis and research 
recommendations, tilree planting dates (July 1, 
July 15 .nd August 1) were used !O deternnne the 
effeet of pl.ntíng date, Simulatíoos started two 
weeks before sowing. Six sites, one from each 
cluster. were selected to represent the different 
agroctimatic condítions, Selected sites were judged 
to be representauve afilie heno growíng region in 
Elhiopia. 

The importance of stress at a location ís 
determined as the sum ofthe praduets of frequeney 
of occurrence and severity of stress with severity 
grouped as <0, 10 (00 mess), 0, 1·0,3 (míldstress), 

>0,3 (stress fui environment), Stress severity 
(index) is caleul.ted as Ihe ratio of av.Hable soí! 
moisture (extracted water) to total piant water 
requirementduring .specífied growthstage, wbere 
O represents no stress and 1.0 extreme moísture 
stress, 

All dala were subjeeled lo ANOVA, using lbe 
MSTAT software (Mlclúgan Stale Universitv, 
1991), LSD values were used to determine Ihe 
significance levels, 

RESULTS 

The agroecology of bean growmg locations in 
Etbiopia ís di verse (Table 1), Altitude ranges 
from 1200 to 2212 m, while annual rainfall varies 
from S80 lo 1950 mm, Tho leogth of lbe growing 
period is from as shar! as 80 lo 220 days, 
Aecordingly the seasooal rainfaU during Ihe 
growing period ranges fram 120 to 1636 mm. 

Anoual raiofall, maio season tltinfalI. length 
andeod of grawmg periad are negauvelycorrelated 
with longitude (r- ·0,73*', ·0.81*', ·o,n'·,· 
0,63** .nd ·0,48*, respectively) (Table 3), The 

T ABLE 1, Geo~phy$¡ca! charactenstícs and length 01 the growing season of se!ecíed bean growing sites in Ethiopia 

Sita L.! Long Al! ANP Growlng season 
IÓN) ("E) 1m) (mm) 

Monlh SP LGP Tmax Tmin 
(mm) (d.y.) l°c) (OC) 

-~---------'.---'._------

Gora 9,20 3533 2002 1950 Apr-Nov 1636 199 22,3 13,3 
Nekemte 9.20 36,35 2005 1784 May·Nov 1450 217 22,0 12,4 
Jimma 7.40 36,49 1740 1436 Apr·Nov 1323 220 26,0 12,7 
Bahir Dar i1.36 37,23 1790 1460 Jun-Nov 1197 150 25,2 14.0 
Gondar 12,33 37,25 1967 1115 Jun-Oct 880 150 23.9 13.3 
Arba Minch 16,40 37.37 1290 1092 Apr·Jul 379 1 tO 28,8 18.7 
B_ 9.60 37.40 1590 1249 Apr·OC! 1050 190 25,5 14,0 
Hosana 7.33 37,52 2200 1137 Apr-Nov 523 125 22.0 10.7 
Awassa 7"05 38,29 1750 862 Apr·Oct 515 134 26,1 13.4 
AlemTena 8,18 38.46 1200 690 Jul·Sep 350 83 25,9 13,6 
Mojo 9.52 38,61 1822 823 Jun-Oct 544 127 26,1 12,1 
Nazreth 8,32 39,26 1622 745 JuJ-Sep 434 90 27,0 15,3 
Mekele 13,29 39,29 2212 582 Jul·Sep 377 60 23.0 11.4 

Kambolcha 11 30 39,44 1903 987 Juj·Oct 570 110 27.6 146 
AI.maya(1.t) 9,25 42,20 2125 753 Apr·Jun 261 90 222 14,7 

(2nd) Jul·Oct 405 103 21.6 14.0 

Babile 9,80 42,30 1856 883 Jun-Sep 272 90 27,7 15.1 
9.20 42.47 1644 804 Jul-Sep 366 38 25,9 145 

(LAT= latitude, LON= longitude, ALT= aftitude, ANP= annuar rainfall, SP:seasonal rajntan, LG?= lengttl úf the 
growtng penod, Tmax= maximum temperatura. Tmio= minimum temperature) 
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modaJity of rainfall distribution is f'osHively 
correlaled with longitude (0,66*). Alntude Ís 
negatívely corrclatcd with only maximum and 
rninimum temperatures (r:·O.63** and ·(L86*'t, 
respectively). Annu.1 rainfall w"" faund to 
correlate positlvely with main season rainfall and 
length ofthe growing period(r=O.96** and 0.77**, 
respectively). 

Based on the result of the correlation anaiysis 
latitude, ahítude, annual rainfaH and it$ modality, 
seasonal ramfall and length of the growlOg reriod 
were found to be the must important vanables [hal 
affectdístribution .nd prodUCtiVlty ofbeans. Using 
mese variables, bean growing regions In Ethiúpia 
are grouped into lbree major (hum id, sun-hmmd 
and semi-arid) group. which aresub-divided based 
on temperature resource (Table 4). 

The annual rainfaH distribulion of aH the sites IS 
highly variable. The pattern oframfall distribution 
isrnono-modal m all the regions with the excepuon 
of lhe eastem highl.nds due to the infiuencos of 
lnter-Tropical Convergence Zonc. The length of 
the season la.ts for 120-220, 100-150 and less 
lhan lOO days for hum id, sub-hum id and semi
arid regíons, respectively (Table 4). In the eastero 
highland (sub-humid high altitud.) region the 
soort (Belg) rainy season extends from Apríl to 
June and receíve. about 25%, wherea. the long 
rainy scasOn (Meher)extends from ]u!y to October 
and receives .boo! 45% of the annual rainfall. 

A simulation of more than 12 years ofhistorical 
weather data was run using DRYBEAN crop 
growlh modelat three different plan'ing dates for 
the tour varieties, Simulated grain yield shows 
significant differences among sites and planung 
dates, while the difference among varieties is not 
significan! (Fíg. 2). Mean yields Over sites ranged 
from 1.6 t ha" (líjíga) to 3.3 t ha'; (Bako). The 

average long lcrrn yleld pOlemials Jn dccrc3sing 
mOer are 331 ha"! m humid low altitudc. 23 t 

ha' 10 suh·hurmd low altttudc. 2.2 {ha" in humíd 
high altitudc., 2.:2 t h~r' in suh-humtd high alritude. 
1.7 t ha·' in semi~aml high altitude and 1.6 t ha'! 
in scmi~arid inw alwudc. 

Date of planung was found criHcal in the sub
humldandscmi-andrcgions(Fig, 2). Thcanalysis 
establíshed that dclayed planting af,er July 1, or 
Jul~ 15 rcsultcd in yícld l05ses for IOW rainfaH 
norlnern, eastcrn and central Rift Valley regions. 
Ylcld losse. ore ahout 35. 42, 62 and 1.5 kg of 
graJO yield perday dclay In planting in Alemaya, 
Nazarcth, Mekele and JiJiga, respectively. 
However. different planting dates between July 
and August gave similar simulated yields roc both 
Bako and Nekemte due to their long length of the 
growrng season. 

Early varieties Oower in a mean of 42 days, 
while the late ones l10wcr in 54 days (Table 2). 
Number of doys to phYSlO!Ogicol maturity is 76 
doy s for early maturmg and 90 days for late 
maturing varieties. Different planüng dates do 
not have any effeet on the phenology. 

Ana!ysis of variance 10 eva!uate the importance 
of moisture deficit stress revealed that thefe was 
a significant difference among sites, cullivars and 
plantlng dates (Tables 5,6 and 7). Moisture stress 
deficit, using the average of the products of the 
frequency of occurrence and the severüy of the 
stress was greatest durlng the seed fi11ing stage 
(S3) in aH cases" Among the si tes, moisluredefidt 
stress was most important in the semi-arid regioos 
(Jijigo and Mekele) .nd sub-humid regions 
(Nazareth and Alemaya) (Table 5). However, in 
the humid regioos hean production is not limited 
by mOlsturedeficit stress. The indetenninate long 
maturing variety experienced the greatest stress 

TA8lE 2, Varieties used to evaluate difterent bean phenology types for yield potentiaJ usiog DRYBEAN growth 
model 

No, Variety Origin Growth habit Time required tor deveJopment 

Sowlng lo Flowering Flower to Phy. maturity 

Seafarer CIAT Del. Short(42 days) Short(35 days) 
Rabía da Galo CtAT Ind. Short(41 doys) Short(34 days) 
Kílyumukwe Ruwanda Ind Long(53 days) Short(34 days) 
C3rioca CIAT Ind. Long(55 days) Long(42 d.yo) 



TASlE 3. Correlatlon _fflcienlS Ilrnliysls of longItuda (LON), IatitUde (LAT), altitUde (AL T), annuaJ ,alnl.U (ANP), beiow normal ,alnfal! (BNP), above normal,.lnfaU (ANP), ¡: 
modallty(MOD), main soasan ,alnlaU (MSP),langlhol g'owiflg season(laS), startof lhegrowlny saason (SGS), _01 growing season (EGS), minlmum tamporatura (Trnn), 

and maximum temperatura (Tmx) 

Variable 

LAT 
ALT 
ANP 
MeD 
MSP 
Las 
SGS 
EGS 
Trnn 
Tmx 

LON 

-0.34 
0.12 -0.37 
-0.75" 
0.66" 
-0.82" 
-0.65" 
0.42 -0.30 
-0.43' 
-0.28 
-0.21 

LAT 

0.20 
-0.29 
0.29 
-0.01 
0.07 
0.02 
0.88" 
O,SS" 

ALT 

-0.02 
0.03 
-0.05 
0.26 
-0.39 
0.01 
-0.64" 
-0.87'" 

ANP MeO 

-0.33 
0.94" ~O.54" 

0.76" -0.60' 
0.59' -0.49' 
0.44 ·0.21 
0.11 -0.14 
0.01 -0.13 

MSP Las 

0.80" 
-0.53' 
0.44 0.55' 
0.13 -0.09 
0.08 -0.27 

SGS 

-0.05 
-0.33 
-0.28 

Eas 

0.20 
,0.05 

Tmn 

o.n" 

TASLE 4. Agrocilmatlc Classification 01 hanco! bean growlng Iocatlons In EtI1iopIa uslng altirude (AlT), annual ralnfan (ANPl, length 01 t!1e groWing periód (LGP) and 
precipltation duliog the growing perlad (SP) 

C!asslfication ALT (m) ANP(mm) 

Major Minor 

Humid 1. hum¡d~hi9h!ands >1900 1100-2000 
2. humid-Iowlaods 1600·1900 1100-2000 

Sub·humid 3. hlghiands >1900 850-1100 
4.lowlands 1600-1900 850-1100 

Semi~arid 5. highlands >1900 <850 
6.lowland$ <1900 <8S0 

LGP(days )5P(mm) 

150-220 >850 
150-220 >850 

100-150 450·850 
100·150 450-850 

dOO <400 
... 100 <400 

Sitas 

Gore, Nekemte 
Jtrnma, Bahir Dar ¡ Arba Minch, Bako 

Goodar. Hosana, Kombolcha, AIGmaya 
Awassa, Mojo. Nazareth 

Mekele 
Alem Tena. Sabila, Jijiga 

'" 
~ 
i 
1I 
í!-
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duringthe grain fillíng stage? (Table 6), Tbe lalest 
planting date was mostaffected by moisture defioil 
stress during !he grain filling stage (Table 7), 
Correlation coefficients for moisture deficitstress 
levels with yield are generally highesl for seed 
filling slage (S3, I'=-Q,73**), intermediate during 
mid season ( S2, 1'=-0.59**) and non significant 
during early stage (SI, 1'=-0,2&), 

DISCUSSION 

Tbe bean growing ecosystems of E!hiopia are 
numerous and highly di verse, Tbeir poleotial for 
production and their management requirements 
are determined by the interplay of many factors, 
including climate, soil type and a range of socioe
conomic and bialagical f.ctors, Development of 

3 L 

2 

1 

o 

appropriate technologies requires a good 
understandíng oi constraints and different 
oppartunities of the bean growing ecosystems, 
S uch understanding is nceded for!he identification 
al problems, selting of rese"",h prioriúes and 
targeting of lechnology that is agroecosystem 
specific, 

Among the climate variables studied in !he 
bean growing region, precipitation, altilUde 
(temperatore) and $Oí! type are faund variable in 
!he spaeedimension, Rainfall is !hemostimponant 
factor influencing the choice of crops and 
ma'lagement practlces in the semi-arid troptes. 
Other studies (Singh and Byerle., 1990; Simane 
and Struik, 1993) have ruso clearly demonstrated 
that rainfall .. !he predominant factor influencing 
yield variability and !hus themajorclímatic factor 

- Jul 1 1

1 Jul15 

Aug 1 

Nekemte Bako Alemaya Nazrelh Mekele Jijiga 

Figure 2. Average simulated graln yiekts of the tour varleti9S at three different púlnting dates of harlcot bean in 
EIIIiopla. 
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T ABLE 5, The cumulative avarage severity ot stress at the six: sitas for the dlfferent growth stages 

Silo Growth slag •• 

51 S2 53 

Nakemte 0.00 0.00 0.00 
Bako 0.00 0.00 0.01 
Alamay. 0.00 0.02 0,14 
Nazareth 0.10 0,09 0.26 
Mekele 0,00 0,11 0.39 
¡jiga 0.18 0.23 0,35 

Mean 0.05 0.02 0.20 
LSOO,05 0,03 0,04 0.06 

'~~--'-

TABLE 6. The average ssvarity of moisture deficit stress for the three growth stages 
--~._---

Veriety Growth stages 

51 52 53 

Seafarer O.oa 0.07 0.07 
Rabia. de Gato 0.05 0.06 0,15 
Kíryumukwa 0.02 0.05 0,07 
Carioca 0,04 0.12 027 

Mean 0,05 0,07 0,19 
LSOO,05 NS NS 0,07 

TABLE 7, The average severity 01 moisture deficit stress for the differant planting dates for!he three growth stages 

Planting dale Growth stages 

51 52 S3 

July 1 0,05 0.05 0.10 
July5 0,04 0,07 0,17 
August 1 0.07 0,11 0.31 

Mean 0.26 0,15 0.19 
LSOQ,Q5 NS N5 0,11 
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affecting erop proouction in dry-Iand agriculture. 
Other faclors, temperature. evap01ranspiration, 
wiod spero and radiation are fairly slabl •• nd 
tanged wílhin the optimum hmits ofharlcol beans 
requirements (data nO! presented). 111e thcrmal 
characteristicsarc typical ofthe tropics, However, 
cloudiness in the western and low temperaturc in 
the eastern highiands are sornetirnes ímportant 
yield Iimiting factors. 

Arnount and mode of rainfall distribution 
dccreases along rhe west~east dimension, This 
agrees wilh the previous findíngs of S imane et al, 
(io press). Rainfall distributioo in !he ca$lem part, 
in the longitude IOfle between approximately 
39.5" E to 42.5" E, is effectively bimodal as a 
consequence of the movements of the Inter
Tropical Convergencc Zone. The western. 
southem and narthem regions have mono modal 
rainfall pattern. 111e total length of !he growiog 
season ranged from 80 days in the north-east to 
200 days in the west humid regioo, However. 
released varieties of bea. need only 90 lo ¡ 10 
days and under-utihse the rainfall in the humid 
and sub~humid regjons when grown in sole crop. 

In Ethiopi •. the choice beao cultivars and the 
eropping systems are nOI well designed u,iag the 
invemory of the physical resourees, Far proper 
placement of cultivars and choice of associated 
management practices. clustering ofbean growing 
regions into homogenous environmental groups 
based on natural resources IS believed to be a 
stepping stone for sustainable strategic planning. 
Accordingly, the be.n growingregions in Elhiopia 
arec1assified into three majar regions Vil: hum id, 
sub-humid and semi-arid which are sub-divided 
based on temperature (altItude). This resuh 
disagrees with the previous c1assifications made 
by Wortmann .nd Allen. (1994), where !hey 
c1assifíed!he bean ateaS into onl y southem, eastem 
(abo ve and below 1500 m), central Ríft ValJey 
and western regions , 

The humid (wcstern) cluster is basicalIy 
characterised by very high rainfall with 
monomodal distribution, long growing season 
.nd ecologically high production potential. 
However, in tenns of rainfall use efficiency, 
growing beans in these environments as asole 
crop may not be economically oplimal. Rather 
inter-cropping of indeterminate boan types or 
relay croppmg or double cropping using 

determinate types should be considered, Other 
ncgalivc effccts, such as waterlogging and 
cloudiness should he considercd to maxirnise 
resource use effíclency" 

The sub-humíd regions are more optimal in 
tenns ofrajnfall use efficlency farbean production. 
In these environmcnts terminal moisture stress is 
of,en a problem wíth late planting. 111e moislUre 
avaHability period in the e-astern region shows 
that two alternatives are possible: single cropping 
and double cropping, In (he first case, the t\Ve 
rainy scasons are considcred as Qne growing 
season, Thereforc, late mmuring cropslcultivars 
of sorghum anó maize could be plamed in April 
and harvested in November. but before frost 
oecurs, In the second option, earJy maturing 
haricot be.ns could be grown in the small-rainy 
season. Crops with intennediate lengthof growíng 
scason (e,g .• mail,e cv, Katumani, wheat or barley) 
rnay be grown during the long-rainy seasons, 

In the semi-arid regions poten tia! yiclds are low 
and variable due to moismre deficit stress. lo the 
northem, ceotral Rift Valley and muen of the 
ea.stem region, development of tenninal drought 
tolerance with determlnate growth habit should 
be the primary focus of breeding prograrnmes. 
Date of plantiog is critical in the dry sub-humid 
and semí-arid regioos {if the country and as a 
result there is always a yield 105s associated with 
a delay in planliog after lhe onset of r.infall. 

Economíc. political and social factors, however. 
have to be taken ioto account for detailed 
recommendations about how besl to respond to 
the assessment in terms of land preparation. 
cu1t1vars, cropping system, seeding and inítial 
fertilisation rates, and time of seeding for the 
different agroecolügical regions, 
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ABSTRACT 

Bean ¡Plrasenlus l'U!garis L., prodUdivil) is nlUeh umslrained h)' watcrdeficits in man)' productlon areas 
in eastern ~nd southern Afrka. Tht' nSS.-\T -' nr~ hl'an mndel W3S ui>ed tu analyze thc efft·('t~ of water 
ddidts on hean using gefH:tk (:ot:nh:i('nl~ uf rour culth ars inclutlin¡.: HO c:ari) , ckterminate type and earl.:r, 
intermediate :md I'ltt' maturity lndt,termin.ltl' hush trpcs, :\1urc Hum 2JOU .simu)ation.\ wer~ run us¡n~ 
mcteorolu)!ical data frum 19 ]Ot'lltlllns. 'nuo hitt, maturing idt'otypt' ;!;IH' hi;.:hest yidd in Icss s1ressful 
cnvironments hut its YlI:ld wu!> tJu.' h:a!>.t st<thlc, In mure sfrcsi>fui envirnnmcnts. ~arl~ m:'lturin~ ideutypes 
had hi~hest mean yjdd aud tht'lr ~jdd ,ras most st<tble in an cm'irnnnu.'lltt.. Stress ",as most se\-"Cre and 
frequent in the later sta~c-s of gnn\ th: strcs:.. afrí:ClCd :yidd most during pnd fürm,ation ~nd filL h:ss durín~ 
lhe early repruductívl;' sta:,:c and l~ast durin!! lhe \"egetati\"t: Sl:Igc, Eh:mcnb of ji possíble strategJ fur 
improving adaptation 10 water ddicilS arc dil>(·usscd. and slleciJk inful"lIHÜinh f'lr lh/,,' applkalinn oC sucb 
a strategy is gil'en ror tbrcl.' (o('at¡on~ which ¡lppt'ar suitahlc .IS primar)" .... ('reenín::: sites, 

Key W(,rds: Afrka, hean. crop grtm th simuJ;,Hiíln. DSSA 1'3 Dr,:rbc¡.m Mulld. water delicit 

RÉSU\lÉ 

La producti\"ité du harkut (}lJwwulu.\ \'ul;.:ari\ L )l·.,;t hien cnnlrailltt' par le:, déficits h)'driques: daos 
heauUlup d 'aires de pruductinn t.'U .-\1 rltlUC dt.' I 't'S! t't du sud, Lt' lJSSAT3 dr)'hcau modd ó1 élé utilist! pour 
unaly.\er les ell'cl\ de dd1dts h) drit!tH;~ sur lt .. h¡lriL"nt en utilisant 11..'1'> l"Ucmt'it'nt~ génétiqucs de quutr~ 
cuUhars cmuprenant I\'s t)"pcs pr\-cHl'cs détcrmin~s t't JI,'s typc:-. nuins indetcrminés u maturité intermcdiaire 
et tardivc. Plus dl' 2.30H simulatiull" ctaicnt Jlcffnrrnl~cs en utíiü,ant lcs dOllnées métcorulogiques de 13 
státJ{)US tcolo~iql'l't>. L ·idiutyp-e.a nmturitt tanli\'c a dunné 11..' plus haut rendement dans ¡es en\-inmnements 
moins stre~sanls mah son rí..'UdClllCIH a éte JI: ronín!'> ... table. [)~IIIS les em'ironnements plus siressants.les 
idiotypes;1 matunté prfcoce ont t!u 1;: plus haut ft'ndcrnent et Icur rendement a été le plus: stahl-e dan!) tous 
Jescnvironnemenls. Le stress ';taít plus.sévcrc ct freíjUent dans lc-s dernien slades de croissance et a afrecié 
plus le rendement pendant lu périnde de furmatiun ct d~ remplissuj:!c des g€tusses; iI était moins durant le 
stade préeocede repruductiolle1 Illoins plus durant 11: slade végtita1íf. Lc!"> tiJéments d 'une straté~ie possible 
})Our amdíorer I'adaptation aux délki~ hyrlriqucssont analy!">cs et 1 'infurmation spécifique pour f'appliclItio-n 
d;unc lellc strdté~¡t cst aonnéc puur {mis stalinns éCHluj!'iquci> qui 31lparaissent convenahles comme sites 
primaires pour le críbiage, 

M(}IS Cié ... : Afríqu~, hancot, simuiation de 1 .. croissancc dI.' t'ulture. DSSAT3 Oryhcan Model, Déficit 
bydrique 
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INTRODUCTION 

Bean (Phaseolus vulgaris L.) crop performance 
in eastern and southern Africa 15 severely 
constrained by periudic water detlclts in sorne 
productionareas(Fig. 1). Flcquencyohxcurrence 
of water defícíts, t>everity 01' stress, lmllng of 
stress relative (O plant age, and sensitivity of the 
plant at different smges of growth interact to 
determine yield los5 associmed Wllh watcrdeficlts. 
These factors haye no! beco qu¡mttficd for bean 
production in Afríen but the ¡nformation is 
potenliaily useful fol' identHying some 
characteristic5 of beao ideotypes for stress 
environments and fordevising;,¡ hreeding strategy 
for drought tolerance. 

Three classes ol' m~chanlsms uf Jrought 
tolerance might be exploited for IInprGving hC;lO 

ror water defidt l:ondüions (WhilC anO CJ~tIlhJ, 
1992). Drought escape: mtght he ;'H.:hICVCU \vHh 
early maturing geno¡ypes ur through plaslH':Hy 
such thatdroughr strctis accelerates the mUlurauon 
process; the first is highly heritahlc but associated 
wíth Ioweryield potenhal toan wíth l:llcrmatunng 
genotypes. Drought tolerance wllh hjgh plant 
water potenüal or drought avoiJance 1nJght be 
achieved by plants conserving watcrorextrudmg 
a greater amount of SOl) water: SluJtcS mvolving 
us.e of carbon isotope (J¡scrimlnatlOn (CID} 
(Ehleringer. 1988, WI111e el al.. I Y90)lo evalume 
water use effjclem:y show lurge differences 
between genOlypes, although CID IS nO! always 
related 10 genotypic diffcrenccs for yield under 
water deficit (Whíte el al., 1994'1J' differen"es m 
root growth on deep soils are related fa ability for 
water extraction (Sponchiado el al., 1989, White 
and Castillo, 1992L and drought yteld has beco 
correl¡¡¡ed witn a leaf thickness iodex IWhite and 
lzquerido, 1991). Droughl tolerance wÍln low 
water potential might be improved with Ím:rea::;ed 
desiccation toierance ur beuer maintenam.:e oí 
turgor (White and Izguierdo, I Y91 ) Bean ís 
especíally sensitivc to wafer deficit stress during 
the ear1y podtilI stage.lcss sotlunng the vegclative 
stage and linle during (ate podhll. 

Narrow sense heritabílity for yield unJer water 
detictl can be high (Whitc t!f al.. 1994h) ral1ging 
from 0.09 te 0.75 for different cnvironments. 
Realised gains in seed yield ranged from OA ~ 

7.4% and 2.9 ~ 15.7% ,-1{ locations ir¡ Mcxico ~m¡J 

Colombia, respectively, due lO selecting the top 
20% from the F, generatían. However, 
perfonnnnce under water deficit is reJated to 
8nvlronmcnl; general combining abilities of 
parents tended to be higher in thejr environments 
uf origin than m other environments. This may 
mdicate the lInportance of good adaplation to 
drought toleran.:e. 

CnmpUler simulmion models are ab1e tocapture 
nuum:es in wealher ilnd e;:)tJmate their effects. on 
crop growth gíving a bettcr underslanding of the 
erfeC1S of so11 water deficlts. Tile DSSAT3 
Drybe~" Crop Growlh Model predícts dry maHer 
growlh. leaí arca index, crop development and 
final \cell wt'lght and oLher yield componems of 
bcan, Thi~ 1$ a fum:t!on ol' daily weather dala. 
,:haracteristlcs ot a nne--dlmen~ional rnulti-Iayered 
'0011 profilc and crop management conditions. 
Geneu¡; cu~rf!(ien{!i are required to simulme the 
Jiffcrencc:; m l:~Op rerfonnance among varietles. 
e llmplctc ullcumentation oftne DSSA TI Drybean 
model is provlded ebewhere (Hoogenboom el at., 
1994: T su)í eral.. 1994). The Drybean Mode! has 
Dúf been venfied for prcdiction of benn yield in 
Afrka wherc produt.:tivily is constrained by 
numerous abiottc and biotic stress es whlch (he 
model does not consider. However. it appears to 
he partü.:ulariy wcll sUlled for research on water 
Jcflci(s. assuming abs¡;nce of other constraints. as 
H I.:onsíders S011 water and dmly changes in weather 
tCIAT,1992) 

MA TERIALS AND METHODS 

Four genetic j¡Jeutypes were used in this study 
represcflted by [he genetic ::oeftkients previous))' 
e,(¡mated for four cultlvars (Table 1, Tsuji et al., 
1994 J. Seafarer lS un eariy maturity, determinale 
t\ pe. Rabia de Gato, Kílyumukwe and Carioca 
:lre cad)', metllUffi and late maturity types, 
respcctively. nf indeterminate bush growth habit. 

!vfeteoro[og:ical data were obtained from ! 9 
lüL3tlons. The locations were grouped Jnto five 
\.: !¡matic ;';~l[cguncs forcastern andsouthern Africa 
;.e .. l Sub-humid, mediumaltitude, !owlatitude: 
II Sub-humld, high altitude, low latitude, III 
Se:mkmd, low latitude: IV, Sub-humid. medium 
l"tllUde: 3"d V. Semi-arid, medium latitude (Table 
2). 

Loc:lt¡ons ofCatcgory 1 fall in arcas where soíl 
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TABLE 1. Charactertstics 01 the genotypes usad in the study and days required for emerg-ence to flrst flower {51), 
fj'$t flower to first seed ($2) and tirst seed to physiological matunty (53) when grown near the eQuator at 1200 m asl _. __ .~-~_. __ .-
Genotype Growth characteristics S1 S2 S3 

Seafarer E.ar1y maturity, determínate 26 1D 23 
Rabia de Gato Ear!y maturity, ¡ndetermínate 26 9 21 
Kilyumukwe Medlum maturity, indeterminate 35 9 21 
Canoca Late maturity, ¡ndeterminate 35 12 24 

._._-~.~._~-~ 

TABLE 2. CharaCíeristiCs, years oí slmuJations and pianting dates (POi tOl the locations 01 eastem ami southern 
Ahica usad in analysing the effects ot water de'icits on bean y¡eld 

.. _-_._--_._--~-_ .. ~. 
Location La! Long. Alt. Years PQl DD2 PD3 PD4 

Category 1, sub-humld, medb,.¡m altttude. low lal1tude in = 580) 

lkurwe 0.6 33.7 1200 10 1513 114 ~5¡9 1i10 
Kisumu -0.1 34.7 1146 12 1513 1/4 15i9 111 O 

Kawanda 0.3 32.6 1:95 7 15/3 1/4 15/9 1110 

Masaka -0.3 31.7 1313 3 15/3 1/4 t5/9 1/~O 

ua 2.3 329 1085 10 1517 118 

Ca1egory 11. sub·humid, high alt¡!ude, 10\-'1 latltude (n ;: 744) 

Embu 0.5 374 1493 10 114 15/4 119 15/9 

Meru -0.1 37.6 1554 12 1513 1/4 15/10 1111 

Mbale 1 O 37 : 1494 9 1513 1/4 1517 1/8 

Kita!e 1,() 35.0 1875 '2 113 15:3 1518 1/9 

Bushenyi -0.5 302 1616 5 15;3 114 15i9 1110 

Categor'llrl, semlwand ;OW lat¡tude in:;:; 404) 

Kijimanjaro -3.4 37.1 896 12 2Cí3 1/4 15/1 i 

Ail]'lort 
Katumani -1.6 37,3 1646 9 1/11 15/11 15i3 3013 

Nakuru -1).3 36.1 1871 12 1513 ~/4 1/10 15/10 

Category IV, medlum latltude in ::; 520) 

Awasa 7.0 38.5 1750 12 15!4 15f7 30/7 

Harare -17.9 31.1 1478 12 1112 30112 

RlJsape -18_5 321 1430 7 15J1 15112 30112 

Mbeya -89 335 1704 B X X 1512 1/3 

Maragoro -6.8 376 526 6 1/3 15/3 15111 1112 

Category V. sem¡·and med:um latitude (n = 64) 

Bulawayo -20.0 28.6 !326 9 1i12 30112 
~---- -~---~--

Lat., Long, aná Alt refer to the longllude, !atltude and altltude of the locations 

-¡;¡;¡; 
!!!!!! ¡¡;¡; 
¡¡¡¡;; 

Si, 
= ;; 
¡¡ 
!!!!!! 
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water dcflcib are 01' llloderate Illlpon,Uh:e (flg. 

1). Catcgory JI ()"erlaps arcas when: \valel lkficltS 

are ratcJ as Deing uf llIuderatc or hlgh 1Il1P( lr!:\llCe. 

Dcricils are ofvery high imponancc at Ihe ~ltes of 
C .. llegory llI. Semi-aruJ Caleg:ur~ V falh (lutslue 

orthc bcal\ production arca s!1o\\'1l 1m 21mbabwc 

due lO Ihe low Importance 01 !lean ;lrounu 

Bulawayo. SOl1le sile~ in Catq!or~ IV are III area~ 

where waler dclú:ih are 01' Im\ Illlport.Uh..\.'. hUI 

some COI11I11DIl SOWll1g Jalc~ Jo re~Ll!t IIl]1l'rJodIC 

stres~. Early sowing: Jales Whh.:h resul[ 111 10\\ 
prohahility of waler ucficih \\ere e.\cluued fur 

Lir;,¡. Awasa ano Mbeya; rOl' tht:~e IOCi1110n",. Ihe 

analyses were fortypicall11id-sca~(lIl S()\\'ln~ tlI1lC~ 

whcreby the hean l:rop takes ao\'antage ollhe laLe 

rallls hut is more likely Lo enCOUlller water uet"ICll:-.. 

As .... uming that farlller~ g:enerall~ .,,0\\ olll~ a!ler 

cnough rain ha~ lallcn lO e",Labl!sh Ihe crop. 

simulalloll~ \.\'cre eAcluoed ir cUlllulatJ\ e r:llnrall 

wa:-. less than ! S llIm ~I[ (lile \\ ce!... arter ~O\I.·l1lg. 

Actual daily ralllrall daLel wele ll."cd 111 all pLlces. 

Daily maXIlllum and llll ll11llU1l1 Ll·lllpCraLurc .... \\"crc 

availahlL' rOl' m(l~L J()(':;ltl()[l~. hUll·"IIIlI¡¡lcd 11H1llthly 

l1leans were u~eJ ror ~()llle locallolh III (':llegor) 

J and 111. Esumatcu 1llonlhl) mean \'alue~ were 

u:-.eu for solar raJiallOll. \VGEN (l!11IU!l (Jf 
Wcalherman (Pikcnng el tll.. ll)l)...j.) wa~ u",t:d to 

estlmate missin!! \'aluc~. Thc pr(ltde deS,-TlptH1ll 

for aJcep sanuy clay loam s()d (JI 1lI0l1er~\lcl~ lo\\' 

pH \\a~ useo rOl" all "Illll¡[mi()ll'< ¡he "'{lit.-. ,lIld 
lalldJonll~ III .tll llIallll rrodu..:tioll an.'a~ are 
hClcrog:encou~ ;lI1d JI l~ rccoglll"cd Ihat llll' "ot! 
profilc oe"'l'ripliull u"l'd lllay h:l\ C cau"n! ()\ l']' 01 

ullder-cstlmatloll ld lhe L~ ]1k".tl ,,\111 \\ .1ICI 

i.l\'ailahIIJly ['(Jr .... (lllIC IllC.IlI(JIl"'. S 1IIIulaLI(ln ... "urll·d 

Lw() weeh hcfore ~()\Vlllg wlth thl' walcr Iwldlllg 

l'apaclty oí' the soil al 209r 01 lull. Tile I\ltrOgCll 

suh-routmc 01" lhe lllooel wa" ."witchcu ull so 

nulncnt ~upply to the plallls \\<1'" !lO! ItllltLing. 

Abo. the effeCls 01" oi~ca~cs and l1bec! rC~h wcrc 

nol cOllsluereu hy the llwdel alihllugh lhe"e .:all he 

imponant to a crop' ~ water ll"e etTicicllC;' ano 
lolerancc 10 water dcficJI:-.. Thc Sllllttlallon", wcrc 

done rOl' sole crops (11' nean: inlcrcropplng cfjecl~ 

were nol considcrcd duc to limiti.\liol1:-' 01' lile 

moJel. 
Thc illlp()rti.lnCe o! ~Ircss al a ]ocatJoll wa~ 

dClcrmincd rOl" each 01' three growth stagc~ a~ the 
sum of lhe proJucls 01" frequcncy of occurrencc 

and severity of sLre~",. The stages 01' f!rowlh were 

elllcrgcnce lo fir~1 fllJWCr (S 1), first tlower lO firSl 

~ccd (S21 llnu ftrst seed lO physiological rnaturity 

, S3 l. Sl'\ .:rll y \\';¡~ grouped as dl.! 0, 0.10 - 0.39, 
(J..1() - ().(,Y. 0.70 - 1.00. wlth 0.00 and 1.00 equal 
lo no ~tre:\s anJ plant dealh due lO stress. 

rcspectJ\ el)". 

OpLllnal s(lwing dales ofscreening for adaptation 

lo water dcfll'JlS were oeterrnined for three 

IdCalll11b reprCSCl1llng Categories Il, III and IVo 

Thc ¡hree locattolls have bean research 

11rogr.Ullllle.": prll.\IIllJty lO the equator was 

... \lmllJclcd Lo ll.ne Icmperatures and day lengths 

"lllllbl lO those 01 Ihe normal bean production 

.... caS()Il~. Sllllulallons across years were done for 

~('vcral ~owing Jales for eaeh location and the 

(lplÍmal ~owlng: date was considered to be the date 

Ihat gJ\'c medlulll yicld (lf 40o/r of the potential 

\ icld. Inllial so11 waler Wí.lS assumed lO be 70o/r· of . . 
flclo capacity a~ ~OWll1g normally cornmences 

unce Ihe early ralll~ rOl' Ihe season have fallen, but 

hcf(l["e Ihe rnlfilc ha", C(llllplelely fil\co. Simulatlon 

\\as ",tarteo :2 weeK", hefon: lhe sowing date. The 

... ame "";\llJ~ cla~ lo;tlll prorile as ahove Wí.l:-' usea. 

RESULTS 

\\'all't' t.le! lcit ~Ino.'~s \Va", lllost important rOl' 
C.llc~llnl' ... 1I1 and \'.{ Flg.2. Tahlc:; l wuh 4X-4Yo/r 
1l11'dll ) Il·IJ ID", ... alltl <.lpproximí.\tcly 5()lí; 01" lhe 

l·;!."I..'''' 11.1\ In),! a ~ 1('ld !tl."." uf 50/;; or more due 10 

llladcq U.\Il' walcr. Thc modd csumaled yleld loss 

h) he ~()-.')(I; 1m Catcgories II and IV. hut water 

h ;ltlet]u.l[(, 11l50(1( ortlle ycars lO achicve atleasl 

-:'(/; (l! Llll' yll.:ld pOL('Il11al. Category I was leasI 

dllcl'Led h~ water JC!ICIt. ... wllb a 15o/r mean yleld 

reOUCll(l1\ ano wlth adequate water to achieve al 

leasl LJW; 01' the potelllial yield in 50%· of the 
..:asc",. 

Thl' St.'.darcr. Rahla de Gato and Kilyumukwe 

lLlcolype" cxpcrlenccd SImilar le veis of stress in 

Catcgmlc~ 1. II amI IV. S Lress \vas greatest rOl' late 

1ll .. lltmng Carioca 111 HW."I cases. The resu1ts do 

l10L indlcale any dtllcrence due to dcterrninacy of 
growlh hahit. 

Tllc late maluring iJ(~()lyre. Cmoioca, gave lhe 

hlg-hcsllllean sllllulaLed yield in Categories 1 and 
IV. hUI hao lttlle or no advanlagc in the Nher 

CatcgorJc", (Tahle 4). Carioca also suffercd the 

grcalc",1 yicld reductioll due to stress, and had the 
Icast slahle Vi"ld. Thc intermediate rnaturity 



220 e.s. WORTMANN 

ideotype, Kilyumukwe, had a yield advanlage 
over!he earlíer maturily ideolype in Categol)' 1 
only, 001 wi!h less slability. 

Droughtescape is importanl in Calegol)' III and 
V, and early malurily cullÍvars have lhe mosl 
polenlial. Early malurily cultivars may be 
preferred for Calegory Il as well; although mean 
yields are slíghtly less, yield is more slable with 
lbe 5hort season ideolypes. In Calegory IV as 
well, small scale farmers may prefer lo reduce 
risk, and sacritice sorne yield polenlial, by u,íng 
earljor matoring cultivars. 

Early cessalÍon of rainfall and deplelion of soíl 
water reserves resuhed in the mast severe and 
most frequent QCcurrence of stress during the 
seedfill stago (Table 4). Stress levels increased as 
the crap aged, and lhe seed nlJ stage of growth 
(S3) was most aff.cled by waler deficits due to a 

hígher frequency and groaler severity of stress 
man al olher stages. Slress was more severe for 
the laler maturing ideotypes for 011 stages of 
growth. 

Water deficil stress was negatively correlaled 
wim yield (Table 5). The reJationship was strongest 
during the S2 and 83 slage, emphasising lbe need 
for more tolerance duriog the later Slagos of 
growth. 

Three sites have been coosidered here as primary 
screening sites (Table 6). Optimal sowing dates 
ror screening for water deficil' for lhese potenlial 
sites weredetermined (O be: Embu (Category I1), 
5 May for shart season germplasm; K.tumani 
(Calegory 1II), 15 April for short season 
gennplasm; aod Mbeya (Category IV), 10 March 
for ,hon s.ason and 5 March for long season 
germplasm. Mbeya appe.rs to be lhe least 
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Southern Afnca 
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satisractory for scrccning as the cessation of rains 
IS J1l0s1 variahle n:sultmg in much variation in 
slrcs~ during: lhe scrcclllng periodo 

DISCUSSION 

Thc DSSA T3 Drybe:IR Model as a tool in bean 
brccding. Tho Dryhean model has be en 
informativc In lhl: study of water deficits for: 

i.lS:-,c:-'~lllcnt 01' lhe cffecb of water deficits 00 
Dcan producll\'lly II~ J¡ffcrcnt Categories, 
a:-.!'tc:-.sment orthe interaetion effecls ofmalurity 
lI111e~ uf culuvars and water deficits on yield 
anO it~ stahilll). 
determinatlon ofthe stage of growth forwhieh 
tolerancc is most important, 
evaluatlon ofthc potential of sites forsereening 
under conJltion~ 01' natural rainfalJ, and 
determination of likely sowing dates fOf 
achicving desired stress condüions . 

The mudel did not revcal any difference due to the 
use oi' indeterm¡nJte lines. while an advantage is 
expected dunns: th~ S2 stage of growth as 
prolonged flowermg increases the probability of 
pollination and seed set occurring when there is 
adcquate ralnfal!. 

For the more extreme categories, the results 
gcncrall) agrce wlth the author's expectations. 
Early maturily ror drought escape has beeo 
pcrceiveu as importam in Category lII. Mueh on
f'anll tcsting has heen done in Category Ilocations 
ol'cultivars ofvarymg timetomaturity and farmers 
~eld()111 cxprcss concern about later maturity. 
Sllllilarly, in pan~ 01' Malawi which would be in 
Catcgory IV, farmers seldom express eoneern 
ahout lime to maturity. These observations suggest 
thm eithcr early or late maturity cultivars can be 
acceptahle 10 farmers in Categories 1 and IV. 

Simulated yields are much higher than yields 
typically obtalncd 1Il the rield where crops 
encounter numerous hiotic and abiotic constraints 
10 yield. Thcse constraints are likely lo affeet the 
ahility 01' plants lO u~e soil water efficiently. 
Uptakemay he ¡nhihited by darnaged rootsystems 
due to insect or ulsca .... c damage. Defoliation due 
to disease or insee! attack affeets transpiration. as 
welJ as growth, and wateruptake and useefficiency 
are likely to he affected. Nutrient inadequacies 
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are expected to result in less roo! growth and less 
capacity forwateruptake, and in less shootgrowth 
wíth reduced transpiration. The cumulatíve effeets 
may resul! ín more or less stress dependíng on the 
distribution 01' rainfaJJ during the growing season. 

We opted to swíteh offthe nítrogen sub-routíne 
in order toconsider water deficits alone. However. 
N det1ciency is often a major constrainl to crop 
productíon. Adequacy ofN míght resuJ! in mueh 
growth inítially and cartier depJction of water 
reserves. but the root system shouJd be more 
efticíent in capture of deep water. The effeets al' 
N avaílability are expected to vary wíth mínf.JI 
distribution. 

The mode! would be more useful for sueh ex 
ante evaluatíon of bean. ideolypes if eertain 
physiological processes eould be adjusted by the 
user. It would have been 01' interest to adiust Ihe 
root to shoot growth ratio, or evenroot archirecture, 
and determine the simulated effects on 
performance with water defioits. The roles ofleaf 
size, thickness, and onentation in performance 
wlth water deficits might be investigated with a 
more tlexible model. 

A regional bean breeding strategy fortolerance 
to water deficits, The results indicate Iha! 
improved adaptulion to conditions of waterdeficit 

TABLE 4, Mean yields (and SE's) and yield reductions due to water deficlts for tour bean ideotypes in SIX climat¡c 
categorles of eastern and southem A1nca 

Ideotype 

Seafarer 
RabIa de Gato 
K¡lymukwe 
Canoes 

Sealsrer 
Rabia de Gato 
Kilymukwe 
Canoca 

Seafarer 
Rabia de Gato 
Kllymukwe 
Canoca 

Seafarer 
Rabia de Gato 
Kllymukwe 
Canoca 

Seafarer 
Rabia de Gato 
Kilymukwe 

Canoca 

Yield, kg ha,1 

2753 
2650 
3020 
3359 

2259 
2307 
2235 
245Q 

1899 
1925 
1778 
1743 

2494 
2469 
2594 
2704 

1949 
1828 
1921 
1999 

s.o tor yleld % yiela reducuon 

Cllmat:c category L n :: 580 

6BO 
709 
936 

1039 

Climat\c category 11. n::::: 744 

a94 
873 

1185 
1334 

Climatlc caregory I!L n=: 408 

1079 
11";5 

1196 
'323 

Climatlc category IV, n = 520 

967 
1001 
1142 
',292 

Clirnatlc category V ti "" 64 

11S3 
1047 
1281 
1385 

~42 

16.6 
18.2 
20.6 

29.9 
27.3 
35.9 
37.8 

42.6 
41.6 
51.7 
58.0 

28.2 
30.6 
30.4 
35.0 

43.2 
47.2 
52.2 
53.0 
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stress is very importanl for Calegories III and V, 
and of importanee in Calegories Il and IV as well. 
Early malUring cultivars are likely lo be more 
productive and more stable ¡han lale maturing 
cultivars in sorne environrnents. 

A programme for improvíng adaplation lo 
water deficits may inelude one or more of !he 
following: selectioo of droughl lolerant lines 
from existing cultivars .nd breedíng lines; 
incorporation of drought tolerance in cornmercial 
cuhlvars; improvement of breeding parents for 
drought tolerance: .nd breeding for droughl 
tolerance per se. lmproved stress escape, and/or 
loleranee during tbe seedfill stage of growth, is 
mos! needed. 

Stress levels vary much from seasOn lo season 
(Hg. 2). Therefore. breeders should evaluale 
malerials e!ther under field condilions with 
controlled water supply. or by planting lowards 
¡he predicted end uf the rainy periods to achieve 
gond early growth with stress during lhe laler 
stages of growlh. lnitiaIly. priority mighl be 
given to identífication of well-adapted cultivars 
lhat perform well in spite of water defieils, bUI 

eventuaIly breeding for tolerance should be 
emphasised. Test materials might be of thre. 
lypeS: materials known to perform well in spite of 
water defieits; agronomícaIly superior materials 
frorn national and regional breeding prograrnmes 

TABLE 6. OptimaJ sowing dates forscreening beBn 10r 
tolerance to water deficits undernatural rainfall condmons 
at tour locations in eastern and southem Afnca 

Loca1!of'l Embu Katumani Mbeya Mbeya 

Matunty 
group 

Early Early Ealiy Late 

Sowing 
date 

5 May 15 Apr. lOMar. 5Mar. 

Stress at 0.18 0.13 .17 0.17 
first seed 

Slress duríng 0.54 0.47 0,55 0,53 
.ead fill 

Yield reduction 60 60 61 62 
(YR)(%) 

Sld, Dev. 01 YRl 12 17 30 26 

1 SId. Oev. 01 YR: standard devíation 01 !he reducfion 
ln yield across yea:rs 
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in Africa as these materials are likely to be 
otherwise well adapted and of preferred types; 
and populations bred for drought tolerance 
beginning evaluations with the F, generation 
(White el al., 1994). 

A regional screening approach might be similar 
to that used for screening foc toleran ce lo low soil 
fertility conditions (Wortmann el al., 1995). A 
large set of well-adapted entries (> 100) of the 
desired maturity range would be screened at ane 
or tWQ primary screening site for two seasons. 
Then, the most promising materials (best 10 to 
15% for drought yield) can be evaluated more 
widely. Environment effects. especially 
temperature, on the expreSSlOn ofdrought tolerance 
areexpected(Whlteetal., 1994) and good sclectlon 
of prirnary screening sites is crucial. 

CONCLUSION 

Water deficits are a maJor con~[ralnt 10 hcan 
productivity in many productlon arcas 01' CJ~tcrn 

and southern Arríea. rcducmg me::m yields by 
50% or more in sorne semi~arid areas. The Jater 
maturing ideotypes have lhe greatest yie!d 
potentia! in non-stress environments, hut where 
water deficits are ohen severe, lhe eae!y maturing 
ideotype gives higher mean yield. Yield was also 
more stable with the early maturing type in stress 
environments; this stability may be more attractive 
to risk-prone smalI scale farmers than a 511ght 
advantage in mean yield. The rcsults mdicate that 
drought escape through the use oí" early matunng 
varieties provides a valuable defencc agalnst 
unpredictable water deficits. 

Achieving improved adaptatlOn lo wí.lterdeficits 
is a major chalIenge and should be approached in 
a collaborative manner al a regional leve!. 
Preliminary screening of tines pro\'t~n lo be welI 
adapted in the region for tolerancl: to stress al a 
few locations wherc slre~s can he \Vel] managcd 
can be folIowed hy multl-]oCaliol1 testing of lhe 
most promising lines at drought prone slles 
throughout the region. This needs to be 
complimented by breeding to incorporale tolcrancc 
traits into preferred and agronomically supenor 
cultivars. 
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