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1. INTRODUCT/1lN 

The COlmon bean (Phaseolus vulgaris ) has a poor reputation both in terls Ot yield potential and 
toleranee to physiologícal stress!!s sucll as drought, flooding, and saline soils. It ís iaperative 
and necessary then to increase bean productívíty in view DI its agricultural importanc!! and essentíal 
participation in tlle diet of .illion. of inhabitant. of Latin Aierica and the Caribbean as well ~; DI 
otller region. in the warld. wníle agricultura} research progres.es witllout being ahle to lal:e i 

breach in lile barriers that restrain tlle yíeld of this crap, particularly under stress conditíon., 
regional beafl productivíty has decreased over tlle last 4f} year.. In Drazil, tlle lain producing 
coulltry, bean productivíty in tlle poorer regíons ís 4fJ5 &:g ha-', IAlves, 19B71.' 

Varíous resean:h progriilS have reported experii!!ntal yields over 5 too/ha in bush buns, ¡nd 
genetic v~·iability far yieJd potentiaJ and stress tolerance nave been deiOstrated. 

Although thes!! finaings have not leild to dr illlatic increases in bean produdhi ty as has occurr~d 
with other crap species, physiological studies of beans, and other grain legul!!s such as soybean 
IGlycine mil,) and cowpea IVigna unquiculatal, have generated useful inforeatioo for guiding agrooomic 
lIlanagelllent and suggesting strategies for varietal iiprDvement of beans, and as oor I:nowledge 
increases, further practical benefíts will certainly be farthcOiIIing. 

Traditíonal varieties ef beans respond poorly, in general, to tbe two agrooOiic lanagement 
elel!!!Ots recDimended by toe green revolution, and which nave made it possible to obtain nign y¡',!,]s 
in other craps: high plant density and fertililatioo. In spite eE thes!! constraints, tradltional 
varieties contaln a valuable genetic variability which is useful for plant breeders 10 toe se.reh 
for resistance to pests and diseases or other charaderistics asseciated to hign ¡i!!ld. New 
varíeties of b!!ans and apprapriate crap fiilnagl!i!!nt tecnnologies suitahle for tlle c~,dition5 01 Ine 
5111a1l fariers in develaping countries, are essential ín the oe:,t \'ears. In this context, 
biotechnology can prDvide, in support to genetic improveient, new alternatives to adlÍevi! this 
objectíve. Howel'er I ad.platico af tllese future innovation. to toe traditional farlling pradiee; ei 
toe SllillI farlers and to the ecological conte~t in which they will be introduced, illUst be 
speclfícally consídered. Senetic iiprove.uent and pbnt physiology lIIust converge in results expressed 
as neN varíeties af beans, llore "rusticO and adapted to marginal conditions. Thes!! can initíate the 
e,peded "neN revolutíco' in this crop. A dear understanding of the process!!s and physiolagical 
phenomena that determine and regulate the e,pression Di yield, is basic lar tois oew stage. 

Due to tlle diversity and cilillpledty ¡¡f physiological events deterllliliing yield potentíal, the 
authars have presented botl! a descriptive and integrative lcok at the physiology of the bean plant. 
The chapter first discusses basic physiological precesses ¡¡hieh deterline bean yields, and then 
applies this inforlllation ta yield potential and stress toleralice. Hany unpublished results obtaioed 
at research work conduded in latir. Ailerica ¡¡ere induded to ¡!lustrate physiological phenomena f1at 
coosidered in previous studies. 

, Ahes, E:. I'i'B7. Os desafios de e:;tensaa rural brasileira. l'fillll!OQraph. (Unpublished). 
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Te.t. and jouroals on plant physiology contaio many studies on the role of growth regulators in 
bean ¡¡Iant., hut He .hall ooly refer to such wor~ "heo evidence exists for effects on specific 
physiologícal ¡¡rocess!! •• Althaugh there are lany unknowns concerning ¡¡laol gro"th regulator., their 
overall role ap!lear. lo be oni! of transilission of regulatory information hom one tissue to another. 
In relation to ero¡¡ growth problems, .ludies of grONth regulators are geoerally of only indirect US!!, 

as e~pres5ed by lIit and Penning de Vri!!S 098.31: nA horllKll1al systE!ll is a cOftlftlUnication systE!ll. Such 
5ySt!!IIIS lila)' be anal ysed either in tefills of lIIeans of tne hardware used or in teres af purpose of tne 
I!If1ssages transferred. In dynalllic lIIOdels of crop growth, interest shauld be focused on the latter, 
where!s the e;:istence of the hardware, tne horlOl1al syst!lllS, .ay be tar.en for granted". 

Space lilllitations preclude a complete literature review on toe physiology of this ero¡¡ but 
interested readers can find pertineot and complementary inforlllation in Graha (1978) t laing, Jones 
aad lIavis tl9B4). Tana~a and Fujita (1979). and Wallace mas!. 
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11. BASIC Pfi'OCESSES 

f'Ilysiological procesS!!5 in a plant lay be classified iota lletabaljc eveots sudl as 
phatosynthesís and respiratioo Hhich have a direct eHed 00 growth, and _phogeoic ooes Hhich 
¡Hect the change in fora ()f develapmeot af the planto The two graups af processes iotaract 
stroogly, but are best discussed separately. 

11. Ilrowth Proces5!!S 

Ilrowth lay be measured in lally ways (stelll elongatioo, accullUlatioo af nodes, leaf e~pansioo, 
etc.', but empllas!s is given here to the processes Hhích affect dry weight accumulatioo and íts 
partitiooing sioe!! yield is the ultimate e.pressioo of these processes. AccullUlation af dry weight 
in bean plants is a direct coosequeoce af the balance aeong photos~nthesís, respiratioo, and losses 
due to senescence and anscissioo. Partitioning, 00 the othar hand, establislles an equilinriua 
between vegetative aod reproductive growth int!!gratad over the develapment of beans, resulting in an 
eod prnduct of yield. 

l. I'Imtosyothesis: 

As in other graio legumes, beaos have a C~ photosynthetic pathway. Estímates af a.~imum leaf 
photO'iyothetic rates (IIPI at atftbient ro. cooceotratians have ranged frOill 12 "'!l CO. dfl¡-' h-' to 35 "'!l 
CO. d~-2 h-' Hable n. Recent estímates have been relatively high, presumably reflecting ílllproved 
measuremenl techniques, but are still He!l below rates 01 soybeans, whích can reach 45 to bO "'!l CO. 
dm-' IShibles et al., 19751. 

IIP varies greatly Hith leal age aod enviranmental cooditians. leaves increase in photosynthetic 
capadty as theyeKpand, laintain a aa.ximum lar a hignly variable periad dependiog 00 cultivar ind 
leaf position, and then decline as the leaf senesces (Fraser aad Bídwell, 1974). This decline in IIP 
appears to result primarily frOill loss af photasynthetic capacity, but also ¡nvol,es ¡ocreased 
stomatal resistance (Oav!s anri MtCree, 19791. Tanaka and Fuiita l1979) detected a significant 
posítive carrelatioo betHeen oitrogeo content and AP in le_ves al ages past toe time al m~,i!IUm rate, 
suggesting that loss 01 photosynthetic capaeity 1S related ta nitrogen remobilization. Similar 
conclusians Hefe reached io ~orñeans (lugg and 5inclair, 19911, with the clarilie.tían thit the 
linear relatian anly holds below a critica! leaf proteio caneentration levels (12 9 protein .• -' 01 
leaf in their study). 

Table l. Reparted values of Ma~imu. leaf photosyothetic rate at 
near-ambient CO, concentratíans. 

____ ,Photosynthetic Rate __ _ 
mg CO, d.-' h- I 9 CMiD m-' h- I 

Austin ~ HacLean, 1972a 24 1.6 
Fraser ~ Bidwell, 1974 19 1.2 
Gaastra, 1962 ~ 1.4 LL 

He.keth & Ibss, 1961 12 0.8 
¡zhar & Wallace, 19b1 15 \.Q 
louwerse ~ Zweerde, 1977 22 1.4 
!(ueneJIan et. al., 1979 31 2 .. 1 
Tanal:a \ Fujita, 1979 35 2.3 
laing et. !l., 1984 34 2.2 
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Mali.ua photosynthetic rates in beans are reaehed at irradiances 01 3QO W •• -·, the 53Je level 
reported lar soybeans !Shibles el al., 19751. Burga (19781 found evidence in beans tbat Af' varíes 
wíth the position of the leal wilhin the eanapy, and reaches its •• ,imuI at the tile 01 initial pod 
Itlling. laing et al. {lqs41 site unpublished wart 01 El-Shar~away demonstrating diflerentes in 
response 01 Af' in two bean cultivars, with optiilli! varying frOl 21"1: to 11"1:. No eUeet of water 
vapour pressure deficit (\II'DI on AP Has detected by Hesse and lenz (lqs2! usíng 51) Hx i llUlllination 
at le""!:, but EI-Sharkaway et fu (19941 found th.t beans had an interlll!!diate level of sensitívity as 
compared to ather craps. A possible explanation for the different condusions Jies in interacting 
eHect. 01 irradianee, teaperature and relative humidity on stomata apening, as reported in other 
species (larcher, 19751. 

louwerse and lweerde (19771 faund that ma~imum AP was obtained frOl plants under high radiatian 
regillH!s, and that Af' Has positi vely corf@!aled wi lo leaf tnidness, sped fie leaf weight and number 
of chloraplas!s, but not Hith chlorophyll cantent. Di fferent sourees 01 nitragen afiad AP too, 
apparently through effects on photareactians allecting nitragen lIH!tabolism ("arques et al., 1qs}1. 
hen sill1ple diflerenc!!s in cantainer siz!! can affed lea! photosynthetic rates as in the study of 
Carai et fu (19931 where plants which had been stunted by being graHO in 5.all pat. shOHed higher 
Af'. 

Further cOIplicatians result froo the possihility that athar parts 01 the bean plant may regulate 
photosynthesis índependent 01 effect. of water ar nutríants. Careí and Kaller (197SI detected root 
eHeds on photosynthesis in primary leaves 01 beans. ~esearch in soybean suggests that if demand 
from grawing tissues is ¡nsu/fieient (e.g. as induced by artilicial depoddingl, phatosynthesis .ay be 
inhibited. Starch accUOlUlation in chloroplasts !!ay playa hy role (Chatterton and 5ilvius, 1979), 
although CafAi and Shomer (19791 faund that bean mesaphyll cells appeared able to accumulate large 
amounts 01 stareh withaut disrupting the ehlorapl.sts. lea! starch in soyñeans has been lound to 
be negatively correlated Nith the actívity 01 the sucrose-P synthetase (Huber and Israel, lqs:;». 
These findings support the postulate that sucrase~r SI'11thetase is ley in legumes in regulating 
photo,ynthetÍl: form.!tion 01 sucrose, and hl!f1ce, st.rch. The rale of thi5 enzylll'!, strongly related ta 
nitragen eontent, appears to be critical in legu .. metabolic processes. 

Breen bean pods liK OO. at lo"er rates th_n adjacent leaves, and the rate decrease5 with ped age 
(Tanaka and Fuiit., 19791. Sean pods recycle substantial amounts of internally-released CO., but are 
"ol an laportant photosynthetic sauree 01 dry matter to develaping .eeds {Crookston, O'Toole and 
Ozbuo, 1914al. 

Ik1der conditions 01 high lI!esophyll O. clJf1c!'fltrations, such as OCCtirS when stOlllate clase under 
high light intensities bul li~ited water availability, o. competes Hith Co. in reacting wíth RuDP 
carboffylase, Hith toe iaportant diflerence lh.t rhemical energy is expended and eo. evolved. It Has 
first thought that photorespiratian, as it is termed, Has either a waste process or permitted 
produdion of compaunds essentíal lor phnt growth. No suco fundian has been d~stfited, and IIDst 
researehers nOH favor the idea that photorespiratian serves to dissipate lighl energy ¡:¡~n 
photosynthesis is blod:ed due to IOH 00, concentratioos (PoHles and Osmond, 1979; Tolbert, 1900) or 
to maintain Co. levels relatively constant Hithin mesaphyll tissues (leopold and r.riedeean, 1975). 
Nevertheless, Ogren (1984) considered that occurrence 01 photorespiration In inaerobic bacteria 
disproves the pratection lunction, and concluded that lower photorespiration rates still may be 
altainable. Rates in beans have been shown to vary with environ.ental conditions (Martin et al., 
1971). Hallace et al. (19761 felt that this variability would make detectian 01 genetic diflerences 
in beans dilficult. 

Efliciency 01 the photo-assi.ílati ve process is sevt!rel y aHeded by aicrocli.ate at the crOj! 
level. Th. d!stribution of radiatian within a bean plant community is one of the IOst important 
elements 01 .icrocli~ate 01 the crap. Interceptian of light can be approximated by the eKpanential 
deciy fundían, 
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I : ID t exp(-k • ll, 

wher~ lo is fiel radiatian above ihe canapy, I is radiatian at a level corre5p~lding to l unit; of 
leaf area indeR, and t 15 the extinction coefficient, a characleristic depending on leal orientation 
and di stribution (Milthorp~ and Moorby, 19m, Ihe review of the values of e~tinction coeHicients 
for var!ous craps by Itontelth (1969) indieates th.t k ranges froo 1.05 (horizontal leaves) tD 0.24 
(grasses with vertical leave;), Data frOíR Gardiner et al. (1979) for tIfO varíetíes plant~d at 46 and 
91 cm row spacings (Figure \) gaya values of k of 0.48 at 46 cm ana 0.56 at 91 CI, suggesting that 
bean leaves are oriented in a relatively horizontal llaMer, and eanfir.ing the expectatian that 
leaves are llOre erect at narrower spacings. Ihe sat1le tendency was found by Burga fl97B) , Nho also 
reported a highly significant negative correlation between k and leaf angle, tóis reflecting the 
abíllty of the bean plant to orient their le_ves Hitó the positian of the 500 in th!! sky to increase 
canopy light interceptíon. Wien ¡nd Nallace (1913) aod Sato and Gotoh (1983) 5h~ that leaf 
orientation responds to light, th.t sensors are cantained botó in pulvinules and leaflet., and that 
varíetal dílferences in patteros of orientation e,ist. 

2. Respirationl 

Although it is blocheaically not a re_Iistic separation, respiration is IOSt easily considered as 
coeposed of tIfO components. One 15 termed "maintenance respiratíon', and represents respiration 
attributable to activitles as.ociated Hith maintenance of tissue function. Growth respiration Ís the 
other coeponent, and represents respiration associated with transport arul bio;ynthesis in th~ 
constructian of new tissues during growth. 

".intenance respiration 15 similar to basal lI!ehbolis. In anlmals, and is thought to ,ary HitO 
tissue eoepositian and teaperature. Austín and I1clean 11972a) found that roots 01 bean plants in the 
primary leaf stage had rates apprOl(laately twÍ(e those of lea,es and stems, and th.t rites doubled 
Hito a loce locrease in t~erature. Sale (1975) detected a si.llar level af sensitlvlty for dark 
respiration af bean leaves. 

I\ssuming varietal differences in plant structure and teaperature adaphtian, there is every 
reason to e:¡ped as .uch variability in Maintenante resplration rates as Is found for phot05ynthesis. 
Genotypic variatíon in several gra!n legUt1les Has detected by Pandey el al. 1l97b). This point 

appears une'plored in beans e~cept Hhere differenC!!S in dark r!!spiration of leaves ha,·e been detected 
in studies of photosynthesis (l¡har and Nallace, 1961). 

fstimates af growth respiration rates are obtained from costs of bi05ynthesis (Penning de Vfies 
et. al., 1974: de Hit et. fu 1975). Usíng data on tissue cOIllp05itian of beans frOl variou. sources 
Ilable 21, approximate respiratian cost. for roots, leaves, stems and pOOs have been calculated 
íNhit~, 1981). roos are the mast costly due to their high prote!o content, while root5 and stems 
requlre IUch less due to thelr relatively high carbohydrate content [Table 2). 

Sinee growth respiratlon is direct!y related to energy requiret1lents for specilic chemital 
reactions, it i5 believed relatively teeperature insensitive. Slosynthetic pathways are si.ilar aIOng 
many species, so genetic variability is supposed low beyond expected differences due to variability 
in plant composition. However, estimates of efficiency 01 carbohydrate use in nitrogen ¡ixation 
fNhich is normally accounled far in assumptions about costs 01 protein synthesis) indicate major 
varietal differences (Kipe-Holt, personal coffilUnicatian), and environmental effects and genetíc 
variability in bedns need additional research. 

Penning de Vries and van laar (1977) used sequent!al tissoe analyse; to estimate respiration 
costs 01 beans during germination aod early seedling growth under diflerent t~erature regimes. 



- 6 -

''''' 
o - ----

15 

50 

V 
o 

/ 
í' 

/ 
/ 

/ 

/ 

-
,/""fi'" 

,/ o o 
,/ 

,/ -,/ -o 
/ 

2 

p..­,.......-
___ -o 

0-- 46cm 

I 
3 

.- "cm 

I 

• , 

Fig. 1 Relation between leaf area index and light interception at 46 c. and 91 cm rOH widths. 
Estimated froe data of Gardiner et !Lc,1977. 

Table 2. [~osition of bean plant tissues and tosts of biosrnthesis. 
liata for c~ositions t~i1ed froe Piper and Mors! (I92JI, 
Jordan and Ehibnall mnl, IleKae et al. (1'15:i1 and Sinel.i, 
and de Hit 09761. 

Root 5tem 

Carboh¡drate 
Protein 
Upid 
lignin 

61.7 78.9 17.4 60.9 
20.9 9.5 11.9 30.2 
7.7 0.9 0.6 1.5 
4.0 7.0 7,fi 4.0 

Ash 5.9 3.7 3.2 3.4 

-----------------g CH.o g-I tissue--------------

Cost of biosynthesis' 1.50 1.28 1.32 1.52 

• 5ource: lIhite, 1991. 
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1. Nitrugen Metabolisfi: 

The high proteio content ¡¡f legume seeds I"xplains the paticular illportance ¡¡f nitrugen 
eetaboliSl in grain legume physiolagy. In bean seeds, a proteio contl"fit 01 201 to 24Z illplies a 
nitragen content of approximalely 41., Iihich in turo man. lhat every 1,000 kg of yield illplies a need 
far 41) kg of N, not including _t. needed to replace los.es doe to leaching !Ir residual N in 
other tissues. It was found that up to B07. 01 the foliar N is reallocated to other plant parts 
befar!.' the onSl't of leal abscicion (Izquierdo, 19BI). And it will be r!!ill!lllbered tn.t N cootent ¡¡f 

leaves is high, that cootent varies ¡¡ith ontageny nable 3i, and tn"t it can show a direct 
correlation with Ar. 

Although N lay be introduced through the loliage, the fiorNl route of uptake i5 through the 
root5, either as nitrate ar N:r, which is converted in root nodules to aIIOOíUII i005. Far our 
purposes, it will suHice to observe that once fi.ed as alllillOOiuiII, N is in a farll reJJlíly convertible 
to amino _cids. In the case o/ N absorbed as nitrate, the nitrate ís fírst converted from nitrate 
to nitrite by nitrate redudasE, and then frOill nitrHe to ammoniUII by nHrHe reduda;;E. TI1;; 
diflerent mehbolíc pathways required with diHerent N soorce;; appear to eHect eflíciencyof 
N-partitioning {Westermann et ~, 1985). 

In beaos, nitrate reduetas! activity is greatEst in leal tissue. This perait. the reduction 
readioo to be coopled to energy dírectl y available frOlll photosynthesi s, and this shoold reduce the 
apparent energy cost as cOiIIjlared to eraps whieh have greatest reductase activíty io roots {Huoter et 
al., 1982). Nítrate redudase activity varies greatly with leal age and crap growth stage (Franco et 
~,1~79), and sooe level ¡¡f adivity ís maintained aven Iihen nitrate is exc1uded a5 a nitrogen 
500ree lTiapa and !leyra, 19B11. lo other craps, considerable aflort has gone to deterlining Iihether 
oitrate reduetase dctívity is yíeld limitíng, but no clear positive rEsults have been obtained 
(e.g. Fakarede and Mock, 1979). The gre"t plasticHy oi nítragenase adivity in bean plants suggests 
the same ~~Id be true for beans. 

11. Ilevelopmental f'rocesses 

As a bean plant grows, ít undergoes not only a change in síze, but changes in for~ which are 
associated with foraatian 01 flowers dnd pods, afid eventuallv, yield. These changes are the result 
of develapmental processes 5uch as stea elongatian, flower bud differentiatioo, and pod growth. The 
processes are clo!iely linted to gro;;th, but are here considered independently far clarity. Rales al 
develapment are sensitive to photaperiod and temperature. 

1. berlínaHan: 

During the drying phase associated with pod IIIiIturatioo, a bean seed enters a sta te oi reduced 
metabolic activity characterízed by changes in dehydration of cellul.r membranes and asevere 
reduction in respiration rateo Thís condition is maintained as long as the seed aoísture content 
relllaifiS loH. Upon contad with a medium o/ 5ulficiently high water availability, the seed imbibes 
water,¡nd respiratian rates increases dramaticall y. eul ti vars seem to vary in the praportioo of 
water ta!:en up throogh the micrapyle or the raphe aod hilum, while uptake through the seed ccat is 
negligible (Korban et ~,19Bl). Some beao seeds present a condition 01 "hard seededness' such that 
water uptal:e is extremely restricted. Thi; appears to be due to ,¡ cOillbination 01 factor; íncluding 
restrictíoos 01 the micrapyle (K)"le and Ran~all, 1963). Austin and Hat Lean 0972b) noted that uoder 
(001 (!2"Ci temperatures, large seeded cultivars gerllÍnate iIIOre rapidly than small seeded ones. 

2. \legetati ve browth, 

Althou~l growth analy.is (toe use of sequential Simples of crDp dry weight and leal area to 
describe trap growthl requíres appro~imation5 inherent in coosidering the dry weight accuftUlation and 
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distributian as the SUA 01 the various growth and develapmental processes, such studies have proven 
uselul in describing crap plastic rEsponse to environment and effects al dilferences among cultivars. 

Table 3. Mean argan values lar ni trogen lar niOE dry bean genotypes at 
four rsproductive stages", East Lansing. 

Planl argan 

Root 
Stetl 
retíole 
Leal blade 
Pod wall 
Seed 

_____ ---'Reprodudi ve stage ______ _ 
Nid-pod Nid-seed 

Anthesis elongation lilling 
Physiolngical 

m.turity 

_________________________ g .-1------------------------

.23 ab' .2f! a .27 ab .24 ah 
l. SO ab 3_21 a 3.30 a I.n b 
.68 a .76 a .81 a .26 b 

6.36 b 7.a3 a 5.46 b .S7 e 
5.bO a 2.M b 
5.16 b n.1O a 

• Means followed by the same ¡etter in rows do nat differ significatnly 
Duncan multiple range test at 51.. 

• Sourw Izquierdo, 19SI. 

Alter seedling establishment, bean craps under non-stress canditions generally lollow a near 
e~poneotiaI growth phise until onset 01 rapid pod growth. Growth then slows, SDme traps reaching 
zero crap growth aod theo declioiog io weight, and others obtainiog their .a~imu. weight very near 
aaturity (Figure 2). 

Na~imu. trap growth rates leER) reported for bush beaos range from 14 lo 19 9 .-Z.day-l (Table 
4). Clilbing beans on trellise; have redehed rates of 20 9 .-', the greater rates presuaably 
rellectíng better canapy structure and les5 investment io support tissues. These values are less than 
hall 01 values reported lar olher C. traps (Nonteith, 1979). 

He! aSii.ilation rate lNAR, calculatpd as CGR!L~l) usualIy declines with crap aye. Typical 
values during Ilowering are !rom 4 to 7 9 .-'.day-l. "igh values 01 NAR lay reflec! coepensation lar 
restrícted leal area (e.g. due to a determinate growth habit) rather than high photosynthetic 
efficiency sinee NAR duriog f10wering and lAll IrOl\! emergence to onsel 01 f1oweriog llay be negaUvely 
correlated alOng dlffereot cultivars (figure 31. 

LAI Increases lIith crap growth, and as Hith CIlR, aHen reaches a peak aroom! tíae of ooset of 
rapld pod growth, the hall in leaf produdion presumably reflecting incre_sed deund lar nltrngen in 
growing pods (Figure 2). LAI in determinate beans may stap increasing at a relatively early stage 
due to lack 01 nodes to produce additional leaves. Nost bean craps undergo nearly COMplete leaf 
senescence befare maturity, but 50me 'non-senescing' traps do actur. Al CIAT-PalIIira, non-senesclng 
craps usuaIly involve cultivar. with poar pod or seed set, lhus the lack 01 senescence probably 
reflects weak sink demando In teaperate reglans, such a pattern .ay involve probl8S 01 
photaperiod-tettperature adaptation, partlcularly slowed growth with cODler temperatures (Mallace, 
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Fig. 2 Change in reproductive and total crop dry weights in rel.tian to LA! in twa bean cultiv.rs: 
A) Porrillo Sintetico; B) lCA Gualí. 

Table 4. Reported maKillll.l1 trop growth rates (CIiR) and leaf area índeK 
leaf area inde~ (1OO1 at tíllll! of •• ~i_ C!iR. 

lirowth ttll(jmuill 
Cultivar habít - CIiR lAI Soorce 

9 .-2 day-l 

Hawl:esbury Iíonder lB 5.0 Sale, 1974 
Nichoacan 12-A-3 1 17 5.0 Aguilar et al., 19ft 
Porrillo Sintetico 2 14 3.2 Laing et al., 1984 
Porrillo Sintetico 2 17 3.1-4.4 CIAT, unpublish~d 
JU eH 2 16 Rodr i guez, 19B6 
Flor de Mayo 4 21 7.rrB.O Fanjul et al., 1982 

1-'6441 

• CIAT classification. 
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Fig. 3 Relalion betHeEfl leaf area duralion ¡rOl emergence lo flowering and eean oel !5,i.ilation 
rate frcm flowering to flowering plus 10 days for 38 bush bean lines. CIAr-Palmira, 1978. 

M3dIllUllLA!', are olten in the range 01 1 to 4 uoits. These are Irequently below optimal L/H's 
estimated as LAr al aaxi.u. CSR (Table 51. 

Table S. Comparisioo 01 maxilllUll LAl and optílal lAl ealeulated as LAI 
estimated maxieum CSR for 11 sels of data lor ev. Porrilla 
Sintetico at CIAT. 

MaxiCIIJfll LAl 

3.1 
3.3 
3.1 
3.4 
2.0 
3.Q 
3.4 
3.5 
4.1 
2.7 
U 

l1ean 3.2 

(]ptimal LA! 

3.Q 
3.1 
2.8 
4.Il 
2.2 
3.1 
2.6 
5.1 
3.3 
2.6 
5.4 

3.5 

Yield 

9 .-2 

219 
227 
271 
277 
29S 
2'1fl 
l12 
347 
355 
365 
412 
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Specific lea{ area (SlA = leal area/leal dry weightl usually starts low, increases to a laximum 
around flowering, and toen declines toward uturity {figure 4). Determinate varieties orten have 
cOlllparatíl'ely high SLA, agaio presullably reHecting cOIlIpE!!1satíoo lar restrided LAI. 

Under non-lilliting conditions, lain .tes leal initiation and e,pansion procede at near lInear 
rates (Figure S). leal initiation and expansion rates difler greatly among cultivar. ITable bi. 
Flower initiation has been detected as early as 10 dar. alter planting IHallace, 1985). 

Al 

• • • • 
• • • •• 

• • • 
.. ,o • 

'" ~ ! ev. Ihkd\:k:md 

• ! • 200 • Obsllf.,."..d.~ .. 
.! 81 • • _ negri!!luion 
• ;¡ 

& """ • w • 
•• • • • 

• <lOO, • 
• 

~. b·Rleo23 

200 
o '0 80 OWVl:.n ... ptenUnl 

Hg. 4 Change in specific leal area oY"er time in two bean cultivars: A1RedUood¡ Si Ex-Rico 23. 
S~Jrce 1 Nhite, 1981 

3. Reproductive Growthl 

Sean. tisually self-pollinate. Patterns of f!owering opening are He!! known. Anther dehiscence 
otcur just hefare bud opening, usually at níght. In P. acutífolitis dehísc!nce is preceded by 
appearance 01 stígmatic secretions, cOIlIposed primari!y 01 carbohy"drates and Iípíds, and the 
secretions rupture the stigma cutícle (lord and Kohorn, 19Bb!. Pollen tubes grows down the ha¡lc~ 
style and fertilís.tion occurs wíthin 12 hours, ovules nearest the sty!e being fertilised first. 
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Fig. 5 COIparison 01 lain stem leaf initiatian and leaf expansíon rates 01 CY. ICA rijao grown under 
field conditions. CIAr-Paleira, 1977. 

rabIe 6. Halo stem lea! ioHiat!on and expansiOll rates far cultivar. 01 
difleríng growth habito F'almira, 1977 • 

. _._. 
/1)1) leal leal 

seed inítitatíO!! expansion 
[ulti var Habít weíght rate rate 

._._~.~-

"9 prímordia day-' leaves day-' 

G 18fJ7 18 0.45 0.30 
Ii me I lb 0.42 0.32 
G 38lb 1 00 0.20 0.21 
G 1540 I 27 0.25 ¡¡.IB 

G 1995 11 19 0.54 0.32 
6 3645 ¡¡ 17 0.56 Q.33 
G 4495 1I 15 0.48 0.27 
S 4525 11 19 0.48 0.26 

G .,,)4(, !lI 22 0.50 0.33 
ti 2t~)b 1Il 23 0.43 0.29 
63353 111 27 0.50 0.32 
G 4122 III 22 0.45 0.26 

6 109.1 IV 30 0.52 0.31 
S 2327 IV 23 0.60 ').29 
S 2540 IV 19 US 1). n 
62525 IV 20 0.60 0.37 

1Wan 0.4B 0.29 
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Overal! pad growth patterns in Iegumes are reportedly so si.ilar that they mayal! be suaaarized 
as invohing three distioct phase'i;: pad wall growth, seed growth, and desiccation (Dure, IVi'5). In 
bean pads reaching maturitv 48 day. after flower opening, uxi_ pod length lIas reached in 24 day., 
and pad fresh lI!!ight dropped ooly in tbe last 6 to !l day., although seed lI!!ight continued to increase 
during the last phase (Oliker et al., (978). Figure b ¡llustrates tbese events for black beans. The 
grolith pattern of individual pads appears relativeIy in5ensítive to source-sink lIIanipulatioo5 (Figurl' 
n. As would be expected in a crap with .uch di versitV in phenolngy and seeds sile, pad develaplent 
rate varies greatl y among cultivars (Table n, but i5 not strongl y cotrelated wi th other variables 
nable m. Temporal changes af poo compasitioo vary significantly aaong snap bean cultivar. i5tad 
and hahaney, 19421 Suyer and ~ramer, 1952;. 

120 o 4" 
J:>-

'" /' 100 • ):1' 3" '" Jf ? 1 '" 1!0 4 E 1 t r i 1 250 1 P<>d ~ 1 60 1 ~ Pod _1 3 • .. ; leno1h I .. 
1 

d .. i • I .. 
I 40 2 l!1O 

I , 
rJ , 20 

I 
I 

Ó 
o o 

~. o • 10 ,. 20 2. 30 3. 40 4' .. 
O.y!- .ft.r 50% fkJW'et,nlj "" 

Fig. 6 l'od and seed growth 01 ev. 'Blad: Turtle 5oup' bean. Source: Izquierdo 19111. 

Genetic differenees e~ist Hithin eultivars and breedíng línes lor both rate and dur~tian el seed 
lilling in ríee (Janes et~, 1979;, saybeans IKaplan and Koller, (974), maíze (Daynard et al., 
19711 funcan, 19001 and Johnson and Tanoer 1 1972;, aod eOlipea O/ien and Adah, 1979'. Several 
studies have shown that the duration 01 seed filliog Nas eore closelr related to yield than Nas the 
rate el IiIling. Other works iEgli and leggett, 197bl 50Held et ~, 19m agreed that the rate 01 
seed filling Nefe r.lated to cultivar differences in final grain lieight. In beans, negativ!' 
non-significant torrelations between the lioear filling rate and yield Nas reported by Izquierdo and 
Hosfield (1983). Ifowe'!!f, the same wort, significant positive correl.Hons Here lound betweeo the 
linear filling duratiDll aod eHedive filling periad to yield, ownber el seed per poo, seeds.m-', ~nd 
100 seed ~ight ~.ong cultivars and lioes with differiny architectural fores. Some correlation w.s 
found alllOOy linear ¡¡lling duratioo aod bean yields lF'aredes !9Bb;. 
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fig. 1 Srowth pattern 01 individual pods: Al as aflected by defoliatioo and pod relaval in line ICA 
linea 24; DI under normal conditíoos lar loor bean !ines. 

Table 7. Vield, aaxillUl pod growth rate, and otner par_ter; of 2IJ 
!ines. ralNira, 19B5a. 

100 Mean Pod 
Day; to Days to Daily seed pod growth 

line 'Iield flower. eaturity yield Neight dry .. t. rate 

9 .-2 9 day-I 9 g pod-I 9 .-2 day-' 

G 44'15 2400 40 7B JO. 8 19.6 1.31 0.125 
RIlS 24 2370 42 82 2q~ 1 21.0 1.04 .088 
BAr 477 2360 45 77 JO. 6 20.0 1.16 .119 
A 149 2350 4!l !l4 27.9 36.3 1.30 .OSJ 
BAI 11I 22'1f1 42 SI 27.9 19.1 1.21 .092 
G 4000 2200 H ro 26.6 17.0 I.OS .097 
G 5059 2190 40 00 21.4 19.2 1.13 . lOS 
BAI ss 202IJ 42 79 25.6 20~O 1.26 .130 
G 4446 1 aJO 44 84 22.1 22.7 0.93 .091 
A 54 18JO 43 8.1 22.0 2142 1.27 • lOó 
GIl922 U¡2IJ 45 92 22.2 39.9 1.44 .093 
BAr J04 1810 37 70 25.7 14.3 1.04 .110 
G 4498 1760 40 74 23.8 18.1 0.93 .078 
BAr 41 1740 33 éB 25.1, 15.2 0.89 .oo4 
G 3007 1650 31 11 23.5 14.4 0.72 .077 
XAIl 146 \570 .38 73 21.b 22.5 1.04 .107 
PI, \510 3B 7Q 21.6 39.4 1.39 .117 
G 4494 1410 40 74 19.1 41.9 1.30 .102 
63017 IlIO 2B 58 19.0 14.8 0.79 .113 
G 1540 850 lb éB 12.2 17.1 0.19 .064 
Mean 1850 lb 24.2 22~6 1.10 .101 
S.E. 150 1 2.0 3,3 0.12 ,015 
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Considerable research has been dooe 00 ilSpects of beilll seed growth relilted to seed biocheaistry 
Iloewenberg, 1955; Carr ilIld 5kE!1e, 19b1¡ 5usse~ and Dale, 19791, but such _1-5 have shed IíUle 
light 00 factor. affecting overall pod growth ilIld lIaturatioo. 

4. 

Table B. Correlatíoos among yíeld, pod growth rate, and oth., parameters 
measured in 2Q hnes. Palmira, 1985a. 

W(, 

Oay. to Daily seed Pod 
Yield maturity yield weight weight 

Days to maturity .74H 
YieIdfday .95U .50! 
lOO seed "t. -.lJ3 .26 -.15 
Pod weíght .45l .531 .33 .71U 
rod growth rate .26 -.04 " .06 .50 .01 

rod ljrowth ntE 
(excludíng 6 15401 -~O2 -.20 .OS -.02 'o .J. 

1, 11 P { .'iS and p ( .01 respectively. 

5E!1!!scence and Abscissioo: 

After photosi~thesis and respiration, the processes 01 senescence and abscission play the IOst 
ieportant roles in deterllining plant growth. Any tissu!! m3y undergo senescence, ilIld in stem barne 
tissues, especially leaflets, petioles, floHer and pods, this process is usually accDtlljlanied by an 
apparentl y prograffimed pattern 01 abscissioo. Howel'er, the tissues wi1ere senescence appear; to be 01 
greatest ieportance are in leaves, flowers and pods. H)'potheses coocerning the rale 01 senescence 
and abscission usually lollow three lines. 

The lIOSt Irequently cited hypothesis lor legumes is ¡hat tis5ues wi1ich are at a disadvantage in 
coepeti hon _mong SDurees and sin~:s are eliminated, thus Ilaintaining the overall efliciency nf the 
planto Leaves afe dropPed wi1ich no looger fi, sufficient ca? lare too near the CU2 coepensatioo 
point). This light result Ira~ loss of N due to remabilization to growing pods, or leal'E5 losing 
efliciency doe te shading by leaves higher in the canapy. 

Ahnar.al flaw~ buds !Yañez et al., 19B4), and f.ilures 01 pollination or fertilization cao 
result io abortioo 01 flowers and young pods. However, it has been reported that only ooe ovule 
needs to he fertílized to prevent pod abscíssion, and stre5S enhanced bean pod abscissíon Has stated 
not lo be caused by ¡.ilure in lertilizatioo (Harterlein et !le, 1980), lhis data i5 supported by 
findiogs in sOrhean reproductive shedding (Abernathy et !le, 1977; Niedbold el at., 1981). Studies 
01 timing of bean f1_r ano pod iÚJsCÍssion have shown that pod abscission can cootinue up to 45 day; 
alter anthesís (Izquierdo and Hoslíeld, 19810). It has oeen stated that older pods may drop if 
adequate caroon .s.ímílate is nat avail.hle ITanaka and Fujita, 1979), 5ince legwoes have a 
particular high nitrogen dem3fld duríng podlill, senescence resultiog frGl coepetition for N usaally 
results in legume traps 'sell-destructing' (Sioclaír and de Hit, 197b). 

A second hypothesis is lhat senescence, delined by L~Jpotd, 119&)) a5 deteriorative process~s 
conduche to plant death, is a progr.mmed process al that occurs irregardless of the sDurce--siok 
balance of the planto 1hís meehanis. is most easily ímagined as lunctioning in pereooial pIants in 
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the pt"ocess eight persist as a relictual characteristíc in annual crops, having been reported in pea 
tl.ockhart and Iiotlschall, 19611, bean Ulareing and Seth, 1'1b7! and soybean tlindO!] .wl Nood~n, 19m. 
Such a process ~ld still ShOH relations Hith pod set il grOHing pods produced a senescence 

signal (which could be either an inhibitor or sti.ulator, depending on the ped grOHih stagel. 

The last group of hypatoeses consider senescence as a physiolagical disarder triggered by 
itibalances al endagenous grOHth regulators. The reported rise in abscisic acid (AIlAI leyels during 
senescence .akes ABA an attractive candidate as a general inducer al senescenee, but nat a1l studies 
support this. In the case of beans, widely varying levels al ABA were loond during and be/ore leal 
senescence n:olquhoun and Hilllan, 19751. fin the other hand, if leal senescence at aaturity is 
triggered by ethylene preduction in eaturing peds, rapid leal lall eigot re/lect nothing lOTe than an 
excessive sensitívity 01 leaves to ethylene. 

The strongest argUllellts lor source-sink relatíons Coe!! /rllíll studíes of effects of depodding and 
de/oli.tion. Continual depodding, whether through artilicial means or physiological stresses causing 
flower and pad drop, generally result in delayed leal senescente fTanaka and Fuiita, 19791. The 
lact that senescence ultioately does occur (an observation used to support the second hypothesis¡ 
Nood~n, 1'/00) eay be ascribed to eventual depletion al nutrient reserves 'particularly Hith 
artificial depodding), accueulation al diseases and pests, changes in agronOlic conditions such as 
c{!Oler teeperatures ar lailures to aaintain irrigation treatMeflts, or deleterious eHects 01 large 
accueulalions of starch in leaves. 

A second !ine al evidente c_s Irllíll studies 01 carbohydrate and nitragen reeobilization and leaf 
photosynthetic rates, where patteros of senescence and relations betHeen nitragen content and (¡f' are 
in lull agreement "ilh the idea tnat source sínk balances deterline pattern; ni senescente. Although 
tne balance 01 evidence appears to favor a relation between source-sink balance and senescence, the 
questioo is lar IrOM resolved. Thillann (1'/00) and Nood~n 11'/00) have l<Iritten lengthy reviews 
de/ending other eechanis.s. 

C. ¡ntegration 01 Processes 

t. Carbohydrate and Nitragen Partí tiooing: 

Studies 00 "C distribution in bean; 'Seth and Nareing, 1967; lukas et al., 1976; Tanal:a aod 
fujita, 1979; Water et fu, 1'/00) have províded a laírly complete picture of qualítative patteros al 
carbohydrate dístribution during crop growth. Youog leaves are their 0Hr1 Sin':, incorporatíng a!l 
fi~ed carbon ioto leal t¡.suas, bul as the leal expands, up to ~)¡ 01 fi~ed carban lay be exported 
¡rllíll a leal. As a leal approaches senescence, exports (aU Hith decliníng pholosynthetic capability 
and ¡ncreased respiratory costs. A source-sink unit has been defined, consisting al a leaf, any 
branch or raceme in the axil 01 the leal, and the internade belOH. lha degree to wnich this unít 
exports assiailate to other parts of the plant varies Hith grOHth nabit, leal position, and growth 
staye. Stephenson and Hilson mm, studying sOj"tean with ,·C analysis, sh_d that this unit was 
ahle to a((aunt /or up to 701 01 the dssi.ilate distribution. This unít, initíally tereed a 
'nutritional unit' (Adas, 19b71, HaS subsequenUy noed the 'phytoeeric unit' (Adaes, 1'1Il1) due to 
its great physiological significante in carbohydrate source-sink balance. 

Although the phytoeeric unit is a useful approxilation, it silplilies dillerences aeong leaves. 
lOHer leaves eKport a large proportion to roots, while leaves at the highest nedes 01 indeterlinate 
plants export relatively large proportians to IOHer nedes. RetIOving raceees at one nede result. in 
greater eKportatian to adiacent nedes both abo,'!! and belOH. VegetatíV!! tissues can serve as site; of 
accueulation o/ aSii.ilate reserves. Reaoving pods Hill augMent reserves, Hhile defoliation and 
water stress triggers assí.ilate and N reeobilization (Izquierdo and Hernandez, 1984, unpubli~i; 
Table 9). 
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Table 9. Water stress and 33Z defoliation' mean effects on dry matter 
N stem reeobilization of si~teen black bean genotypes, Chillan. 
(Hernandez, 19B41. 

Stem reeobilization (- l' 
Treabent Dry llatter Ni trogen 

33Z defoliation 
Drought 
Control 

Bayes LSDSX 

21.63 
20.32 
1B.B6 

2.27 
2.55 
1.8.1 
0.42 

, The water holding (droughtl and 337. defoliation were applied at SOl 
flowering. 

• Change in dry .atter and N content at stems from SO% flowering to 
physiological .aturity. 

Studies on nitrogen distribution have not provided as complete a picture due to the lac~ of 
techniques as convenient as those used with "e. However patterns of nitrogen accu~lation and 
relBübilization determined through analyses of tissue N suggest patterns similar to carbon Hith 
necessary differences due to N entering the plant through the roots, and to the relatively high N 
requirements of leaves and pods (Westeraan et fu, 19B51. 

Basic patterns both of carbon and nitrogen distribution are prohably identical to those found in 
other grain legumES (Shibles et al., 1975; Pate, 19751, and are consistent Hith the idea that ~ch nf 
bean plant growth and develapment is regulated by competition among sources and sinl:s. The size, 
metabolic adivity, and proximity of a sink to sources seea to be primary determinants of the ability 
of a gi ven sink to compete alDOOg other sinl:s. 

While this qualitative lIOdel is of great use in understanding crap growth, More quantitative data 
are needed to deterMine whether allocation processes li.it bean yield. Adams et fu (19781 showed 
di fferences in acculftUlation of starch-W:e sustances among di fferent cu!ti vars, but did not 
establish whether the differences were due to variability specifically related to relObilization, 
or to other factors such as overall plant vigour which could indirectly control the aaount of 
assi.ilate available for remobilization. However the technique they used is apprapriate only for 
very gross genotypic separation, and Has found to have a low correlation Nith quantitative starch 
analyses (Izquierdo, et. al., 19851. 

2. The Source-Sink Model: 

Having reviewed the various component processes of bean crap growth and develapeeot, there 
reaains the task of integrating the components into an overall lIOdel of how a bean plant fundions. 
The most satisfadory lIOdel available as sumes that basic processes are integrated by competition 
aMong sinks for li.ited resources, and that the relative praportions of resources allocated to 
different organs depends on what Brouwer (19631 described as "functional balance". Reduced 
availability of water or nutrients reduces partitioning to leaf growth, but increases partitioning to 
roots (Figure BI. Defoliation results in excess root capacity in relation to leaf area (too high a 
rcot to shoot ratiol, and partitioning Hill favor leaf growth until the fundional balance is 
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restared. Central to the IOdel is ths 4SSWlption that rescurees, usually tarbohydrale ar nitrogen, 
are li.Wng. ItJHever, thi s pral! se ¡s not uní versall y accepted, and the doobts _it di scussion. 

0'----_ • 

Hg. 8 IIlustration of 'functional balance' (Brouwer, 196)) between rel.tive partitioning (Ji gr""tn 
in leaves Df roots as affected by soi! fertility Of water avaílabiblity. 

Inhibitioo of photosynthesis due to !nsulficient siok strength is one argueent. 11 thls 
cooditioo (le(urs, then it lollows that resoorces are not liel Bog. Evldeoce for th!! eHeet CIJf<:'S 

prllarily ¡rcm experlaental eanipulatioos creating abrupt chang!!s in scurce-sioL relatioos Ce.g. 
through depodding), so Nhile sink li.ltatloo 01 photosynthetie fiay (lecur, one sight argue that it is 
not a laior factor under IOSt field coodltlons. In apposticn, up to 35 9 .-2 01 unremobllized total 
nonstrudural carbohydrates were lound in stems 01 Type Il beans in lIOOaculture "i th a nortlill plant 
stand at physiologiCill aatorJty (Izquierdo, 1'1Il1). This eould iodicate lacl: 01 use of ivailable 
reserve reSOUfces due lo SfIIall sinl: size and/or lo delayad senescenee lilth relatively high 11'. 

Another line of uitic!SI COleS IrOtl worl: pri_ily of lasbers Cl979. 1'1Il2, and 1'1Il4) on cyanide 
resistant respiration. This respiratioo utilizes pathways independent 01 !hose IIi!I1tioned previously, 
and SeelS to produce no produets coosidered essential to grOHing craps. Indeed. Its principal 
eHeets are a depletion 01 earbohydrate and generation 01 heaL The pracess appears widespread 
in plant spacies. and accurs in beans (Azeon-llleto and Lamer., 1'1Il3'. As lambers CI'1IlJI has argued, 
soch apparently 'Haste' respiratory activity is inconsistent Hith any theory asswolng that rescure!!s 
are li.iting. At the IOIeflt, perhaps the best argtilents against this criticis. are that MOdels 
issUllling Ii.Hed resources are retlartably good at predicting erap growth (e.g. SO'tbRtJ by Nill.ersoo et 
lh. 1'1Il3), and that raseareh on eyanide resistant resplratioo l. suHiciently neH and the teehniques 
involved are diflieult enough that Its funellon .ay remaln to be discovered. 

A third lioe af orilieis. stess Ircm findings that roots can release large aaounls of 
carbohydrates and aaino acids iota the soil where they stiJUlate .icrObial activity lRussell, 1~77). 
lMer cooditicns 01 nutrient stress or in the presence 01 soil pat~5, 5uch aetivity .ight 

benefit the planl vii stilUlation 01 beneficial organislS such as .ycorrhiul fuogi or bacteria Nhlch 
inhibit pilthogens. ItJHever, conditions .ight accor Hhere such seeretions IfOUld serve no function. 
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1lI. VIElO P01OO1A!. 

A. IntrodocUoo 

fladllllll yields fO( bu5h beans are on th!! order al 5 to b too ha-' Hable 10), !kcasiooal report5 
of higher yields are faund, but are usually attributable to Slall plot sizes witn stroog border 
effed.. CI illlbiog beao. on trelli ses nave yielded a ton; ha-' (F anjul et al., 1m), but cOOipari son. 
witn bush heans are of lilited eeaniog sioce trellisl!s eliainate lodging Hhile reducing the need for 
allO(atioo of ¡ssiaílate to tissues fO( _hanieal support. IUthough yields of 5 to "ton ba-' are 
illpressive (over 10 ti_ tbe lean yield in Latin Ailerlca). they are so infrequeotl y obtained that 
considerable research has gone ioto fioding Hays to aaxi.ize yields in beans. 

Table !O. Maxi_ bush bean experill!f1tal yields repartod frQjl the !lean 
Internatiooal Yield and Adaptatioo Nurseries, 1976-19B4. 

Crop 
Year lO(ation Variety Yield duratioo 

kg ha-' days-' 

1976 Santiago, Chile Puebla 158 3705 11:.1 
1977 Graneros, Chile F'ioto Dorado 5500 94 
197B Graneros, Chile ICA rija¡¡ 4400 95 
1979 Palaira, Colombia IlAT 85 4600 75 
1900 Graneros, Chile Jamapa 4400 
1991 Gr aneros, Chile IlAT5B 5100 101 
19B2 Graneros, Chile J!lIapa 4900 90 
19B3 Graneros, Chile XAN 11)9 5000 93 
19B4 Popayan. Cololllbia ZAV 8306 5100 108 

Work on 'yield potentia!', as it ís terl!et!, gl!f1erally a,sumes th.t fO( a given climatic regiE, 
soi! fertility and water avai!ability are •• naged to provide good growing conditloos, and that 
eflects 01 pests and diseases are alnleal, if not coapletely absent. Theoretically, agrOOOlle 
practices should be 'optiaal', but sinee this aight inelude use of DO. fert¡li~.tlon, supplementary 
radiatioo, or artificial supports, aost researehers have studíed yield poteotial in lhe context of 
existiog cropplog systess, eitner lar bush or eliabiog beans. He follON tbis precedent, !!IIphasizing 
bush beans in sooO(ulture, but not assUJlling lil,itatioos on practices sueh as plant dl!f1slty, row 
spaeing, irrigatloo, and ferti!izer app!icatioos. 

1. tsti.ates of Vield Potent!.l! 

As aentioned aboye, laxiaua yields lar beans (Table 10) provide ooe estímate ¡¡f yleld potential 
in beans. Yields 01 over 5 too ha-' IrOll 11IYAN' s in Chile iIlustr.te the ÍIIportance 01 coosideriog 
productioo envirooaent. lhe Graneros site has lertile 50il, high radi.tían (Iittle cloud (over, and 
daylight of up to 15 hours at Its 34"5latitude', coo! nights (IQ"c to 130e linillUlll, and little 
disease or pest pressure. Photop~iod e/lects may provide additionaJ benefits, sinee long day. delay 
flowering and maturity. While high yields can be obtainod in beans, ooe should nat el\pect that a 
tropical site with looger, Haraer nights, lower radiation, and a .yTiad 01 ather problel!s Hill yield 
ayer b too ha-'. 
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Considering eaxieua yields 01 other leguae craps (Table 11), bean yields are sílilar on • per day 
basis. Data far non-legue! craps suggest a considerable 'yield gap' (Table 111. 

Various indirect estilates al bean yield patential are ivailahle. Assulíng that greater lodging 
resistance and delayad aaturity are obtainable, yields al clilbing beans light appro~imate the 
pDtential 01 bush beans. Flowering and laturity ha\'!! been delayad in Porrillo Sintetico lhrough use 
01 photaperiod ellecls providad by a gradient al artificial light gíYing a 18 hour photaperiod. 
'(ields increased 4B kg ha-' lor eacn day 01 delay in uturity nable 12). 

Studies al heterosis elfects light províde anotner source 01 estieales. Gutierrez and 5ingh 
(1985) obtainad FI yields 2B7. to 4n aYer percent lhe lid-parent value, but no eras! yieldad 
significantly better than the hest parent. 

Table 11. Estiaates 01 yield poten!ial al grajn legules and othef eraps. 

Crap 
Crap Yield duratioo Relerence 

U:g/ha) ¡days) 

Legumes 
Chie~pea 4{o(;'I) Sa~ena, 1'1B4 
Cowpea 42!)f) Wien and Gullerfield, 1'1B4 
6roundnut 59f)f) /l5h 1 Ei' , 1 '1B4 
Pigeonpea 4500 UI.' SheJ <Ir .kQ, J 994 
Soybean 5600 Shibles et ~, 1975 

Noo-¡ egu.tes 
Corn 12t)J() lJ2 l1i!thorpe a.~d Iblrby, 1979 
Rice 121lOO 190 Milthorpe and Moorby, 1979 
SorghUl 7300 /filler and Kebede, 1984 
Hheat 14100 Evans et fu, 1975 
Potata 19000 l1i1thorpe and Iblrby, 1979 
t ttiber dry IfU 
Sogar beat 29000 3\.'<1) Milthorpe and Moorby, 1979 

Cruder estimates 01 yield potential come ff~ studies of flower and pod abscission. For a crap 
producing 251) pod ;-2, eaeh pod containing 1.2 9 al sead (6 seads weighting 2f¡i) mg eaeh), a 2f)X 
increase in pod set lIith no change in yield pod-' i!lUst, by si~le algebra, give a yield increase 01 
2')1., frOll 3 to 3.b ton ha-l. Considering that lIower and pod abortion rates are Irequentlyon 
the order al /;;):¡ to 001, yield patentíal would he around 5.4 ton ha-'. Further details and data on 
estimates 01 yield potentíal coosídering reproductive abrissioo are discu5Sad under the tapie 01 
increasing si nI: strength as i strategy to iocreas! seed yield. 

Before revíewing strategies far yield potential, the role 01 agronOlic lanagement aerits 
attention. /llthough propasals usually assuee 'near optieal" agrOllOlic conditions, one.ay question 
whether present agrooa.ic practices truly approach those neaded to obtain IaxilUl yield. lf ft'lf 

independent factor; (e.g. plantiog density, water .anagement, fertilizer applicatians and soil 
compaction) are at 951 of their optilUl, this resul!s in a 197. yield reductíon (10011 - .95<)1, 
enou~~ to reduce a hypothetical potential 01 b ton ha-' to 4.6 ton ha-'. 
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rabIe 12. Yield of ev. Porrillo Sintetico under four phatoperiod ragiteS 
provided by a gradient of light intensity gíven an lB bour 
photoperiod. ClAr-Pal.ira. 

Distance 
{rOla laaps 

• 
3 
9 

15 
21 

_---'Days to __ 
Hower .aturi ty 

51 
43 
lb 
lb 

95 
84 
71 
69 

B. Yield Potential vs Agronoaic Manageeent 

S!!i'd 
yield 

4101) 
3500 
3000 
2800 

Total 
biDfiSS 

l® 
5600 
4700 
4100 

23 
lb 
12 
11 

B~fare reviewing strategies for yield potentla!, the role of agronoaíc aanageeent lerits 
attention. Al though proposals usually asslJJlle "naar optiaal' agronOlic conditions. one .ay question 
HIIether presant agronllllic practiees trul y approach those needed te obtain laxi_ yleld. lf four 
independent factor; (e.g. planting dens!ty. I/ater .anaga_t, lertilizer applications and sDiI 
cDlpaction) are at 95% 01 their opti_. this results in a 194 yield reductlon (100(1 - .954)), 

enough to reduce a hypothetical potent!al of b ton ha- I ta 4.6 ton ha-l. 

C. Physiological 5tratagies for lncreasing Vield 

In the discussions that fallOll, specific strategies far increasing yield potential are reviewed, 
starting "ith stratagies far increasing scurce and sink c¡pacities. As a conclusion, the autbars 
propase an ideotype for .axi_ yíeld. Tne probleas of .arl iness and seed size, and for SIlIIe 

unconve!ltlonal strategies are al so discllssed. 

l. Source liaitationsl 

Hany stratagies are ba.sed en tbe a.ss~tion toat increasing yield pote!ltial requires an increase 
in source sil!!. Support COtll!S froe tbe observaban tbat in cOIIparisoos of varieties, greater yiela 
is dosely i!.ssociated Kith greater growth, Hhether aeasured as crop dry weíght, leaf area duratíoo, 
ar ather siz!! paraaeters Hable !JI. Redudions of yield under shading (Escalante, !'/!lI)1 and 
yield ¡ncreases Hith COz fertilization Ilaing, et al., 19841 also suppart the assu.ption that source 
size li.¡ts rield. 

Tne siIPlest strategy far increasing source strength is silply to increase the length of the 
growth eyele. In varietal trials managed lar high yi.lds in tropical areas, yield is usually 
carrelated Nitn tiae ta aaturity IJable 13). 
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Table 13. Correlations of yield "Ith harvest index, blOlaSS, days to 
.aturity and leal area duratian froe various studies. 

leal 
HuYest Days to area 

Trial index Di_S5 .atur. durat. Souree 

10línes 
Hablts 1 and 2 .51 .94U .15" • 88ft Itlite, 1'1ll1 

39 lines 
Habits 1,2, 
and 3 .46U .BlU .4Ut • 42ft Itlite. 1'1ll1 

Porrillo Sintetieo 
12 eXp!!I"llll!!lts .28 .9bU • 85ft .87U la.ing et al., 1'Ill4 

9 5pecies of 
graio (!!QUE! .50 .91U .!lbU • 93ft la.ing el al., 1'lll4 

length of QrDHth eycle 

Table 14. Seed yields of B Unes grDHn under 3 daylengths, witn and 
Hithout trellises. Pal.¡ra, 1995b. 

D a y len 9 t h InrI 
Cultivar 12.5 n.s 14.5 

----------------I:g na-'----------------

MJ TRmISES 
JU ]9-'2 21!l5 19!15 1692 
G 1764B 1550 1216 en 
BAr 450 2TIB 2439 2413 
JU 00--'3 204b 2225 2154 
Ilffi 49 2315 me 2649 
XA/l 112 2039 1686 2041 
62959 2m 2307 me 
G 3007 1590 1185 1992 

Mean 2052 2001! 1m 

"ITIl TRnlISES 
JU 7Q-'2 2694 3200 ll6B 
¡¡ 17648 1882 2913 1556 
BAT 450 2324 25'1ll 2190 
JU 00-'3 20]3 2121 2444 
lXIl 49 23()4 2391 2941 
XIVlI12 2043 2106 2446 
G 2059 1912 2000 253B 
G 3IJ07 1731 15h2 2144 

Mean 2115 24bO 2416 
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The previoosly lentioned HOrk with photaperiad treateents to del ay eaturity deeonstrated this as did 
a yield trial uf " lines grown UIlder 3 photaperiad regilleS (fabIe 14). Hallaee (I'lIl5), reported that 
at higher latitudes, yield is negatively correlated Hith lateness, apparently because late eateríal. 
eature poorIy as a resu!t of growth li.itatians with cooler te"lleratures. Although there has been 
eoosiderable HOrk done on genetic control uf tille to flowering and aaturity (Hallace, 1'lIl5), and 
there have been effort. to select lar late laturing lines, !!Kpected yield increases haye not been 
obtained. A lajor problH has been that selection for lateness fl/5Ulted in selection uf .teri"l. 
which are late because uf poor photaperiad-tl!llperatun~ adaptation, nat greater vigor or source 
eapacity. 

Photosynthesis 

Another strategy for inereasíng soorce capaeíty is to inerease the photos~nthetic capacíty uf the 
erap. As in IIOst craps. consistent positive carrelations between supposed lWi.u. photosynthetic 
rates and yield have no! been found (KuenHao et al., 1979). rhis failure probably results fra. 
in!eractions af factors deter.ing the effieieney uf photosynthe;is at the crap level. Ca.parisons uf 
photosynthetic rate; in 20 lines uf lW1g beilll (Chandra, et fu. l'lIl5l supparted tllis aSSUlptioo. 
Iflile IaKilUll rates were not eorrelated NitO yield, tates during padfilling (whieh were ooly 50 to 
60% uf .a~ilU. ratesl had a earrelatien uf ü.bb Hito yield (significilllt at the 0.01 probability 
level). Given that photosynthesis rates during pod filling usually decline rapidly due to nltrogen 
re.obilization fra. leaves to pods, the IOSt critieal proble. relating photosynthesis to yield 
potential .ay be ni trDgen partitioning during repradudiYe growth, as disLUSSed later. 

Respiratioo 

Reducing respiration i"lllies both a direct iocrease io availability of assi .. i1ate, and a possible 
indirect inerease through higher aptiMI LA!. Assu .. iog that growth respiratioo depends 00 plant 
cOlposition, selectioo for decreased growth respiratioo would probably prove difficult, lIAd aight 
result in lower proteio content in seeds. 5election for lo;; mainten!l1Ce respiration appears llOre 
pra.lslng. Nork in perennial ryegrass and fescue fNilsen lIAd Jooes, 1982; Volenec, et fu, 1984) 
have resulted in suttessful identifieatioo 01 lines with reduced respiration in "ara temperatures, 
and these diHerences were associated with increased yields. 6iHard and Evans (II11l1!, in a revieN uf 
relations IIIIOng photosynthesis and partitioning, concluded that such results represent the only lnown 
cases where selection lar a pootosynthetic ar respiratary characteristic were 5uccessfully related to 
yield. However. tn date, research on respiration costs has received .tni.al attention as ca.pared 
to phatosynthesis. 

In belIOS, as in other eraps, considerable effort has been expended in identifying lines 
ca.bining reduted photarespiration and greater yield, (Nallace, et !L.. 1~76). Results have been 
negatlve, 5upporting the eonclusion that photorespiration is an unavoidable eonsequence 01 increased 
o. concentrations in toe presente 01 RBP-carboxylase (PoNtes and Os.and, 1979; Tolbert, IqgQ). 

Light u!ílizatian 

Sinee crap phatosynthetic rates depend en Iight interception patteros, yield potential should 
vary Ni th canapy structure. The relati vel y har izantal I eaf or ientation detected in studies uf IIgh! 
interception in hean canapies iaply 1055 01 efliciency due to exce5sive ¡llu.ination of upper leaves 
and shading 01 lower ones. As in many other craps, ideolypes lar beans Qften suggest selecting 
lar more ereet lea! arientatlon. Wien and Wallace (1973) and Sato and Gotoh (1919 and 1983) detected 
varietal differences in leallet .avements, but the results Here not extended to effects en eanapy 
structure. 

Siaple geOllletríc arqueents suggest tha! lar a 9i ,en LA!, boto slaller leaveg and greater vertical 
separation uf leaves will result in better penetration 01 light in the canopy (LOOIig and NillialS, 
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1969). Reducing leal size should not prove prohlelatic, but the Principie Gl Similitud. (Thompson, 
1942) dictates tnat lne taller the plant, an increasingly great aftOUflt Gl resources sust be invested 
in tis.ue. with suppcrt fundion. (e.9. in stems and petioles). ()le concludes that lar a gilfi!ll set 
el growth conditians, there is an optimal bean plant height. Quantitative estimates of optima are 
lacking, bul in cereal s reduced plant height has been associaled with higher rield; (Chandler, 1967). 

ladging is eOMOOly seen in bush beans, and Glten reduces plant growth severly (Fig. 9). 5_ 01 
the damage is usually attributable to mechanical dam.ge and subsequenl disea.e infeclian., but loss 
Gl plant height reduces efficiency al ligol intereeption. Thus, lodging resistance is anather 
mechanis. lar photosl~thetic efliciency. Although, use af trellises can reduce plant partitioning 
for support tiS.UES, fre!!ing additional a,similate lar pod growth, it i5 lnstructil'e to coosider data 
lor yields Hito and without artificial supports in relation to othgr experimental manipulatioos. 
Delayed llaturity through photuperiod e,tensiOll result!!d in increased yields wnen trellisEs were 
provided, but the yield ellect .as no! detected io plots without support. Sto!ella et !le (197~) 
reported morphological variation in rools strongly .ssociated with lodging resislance and seed yield 
in blild bean línes, iodieatiog thal a larger root size may reduce lodging iIlld increase .eed yield. 

210 
Chf!!::\: wi'h a'1ihefal tUpPOI't . 

-~ --~ - -- -- - ----

,'" -

----
Chaek WHI, "/ttu"" lodglng 

2JO 

210 

Fig. 9 Ellect al artificial lodging at dillerent dates froe flawering on seed yield 01 (Y. 
Porríllo Sintetico. lodging produced by roIling a bai1!boo pale over the erop. CIAr-Palaira, 
1915. 

Higher maximum tAl is not necessarily beneficial sinee greater leal area alane results io greater 
respiratocy tosts and a reduclion in líght intensities in the lower canopy. However, if respiratíoo 
is reduted oc effídency 01 Iíght intereeption iilljlroved, greater _i_ lAl's would be beneficial. 

lnereasing tAD is desirable if achieved without excediog uptíaal lAl, but achieving higher lAD's 
seefflS diHicult. AgrOllomic practices favoring rapid canopy establishment (narrower rOH spacin!j!l and 
higher planl populationsl might help. Anolher pos.ibiltty is ta reduce the rate 01 lea! senescenee 
during pod 1¡lling. Supposedly non-senescing bean lines are known, but their yields are ION eoough 
thal this chifacteristic Has prabably achieved through reduced reproductiva growth. 
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2. Sink Li.itatiens: 

Although /IOst studies en tbe relative i.portance of soorce and sink strengths in detenining 
yleld potential eonclude that soorce Iilítatiens are llOre ¡lIportant, possible sinl Hal btions, IOSt 
notably 'eKeess' flower abortion, are olten reported. FurtherllOre, sial inhibition of photosynthesls 
_Id IIiIke 500rce strengtb appear Iiliting ¡f¡i1e actually resulting frOil insuHlcient sinl: strength. 
Possible causes of ION sink strength lIiIy be elissed as either Insu/lielent numbers 01 sinks or ION 

strength of Individual siaks. 

F1ower. seed and poo abortion 

Fruit setting and poo retention procedes acropetally in legullles. Abscission 01 flowers Of slIi!ll 
pOOs oceurs on pradically every raceme of the plant. There 15 evidente that tlle baul and older 
pOOs regulate the absclssion 01 neH Ilowers and seall pods In several spacies 01 gra!n legulI!. fhis 
has been substantiated In cOHpea (Ojehomon, 1972), lupin (Van 5teveninck, 1957), lisa bean (Cordner, 
t9¡3), faba beao (Jaquiery and ~~ller, 1980), SOrtean (Hlehold 
el al., 19811, pigeon pea (Ariyanayagan, 19GO), and dry bean (Subhadrahandhu, 197b and faaas, 1976). 

The ahscission of reproductiva organs during flowering and.fruiting periOO in tlle graio legu_es 
i 5 often greater toan 5m:. Binkley m:m showed shedding 01 flowers of sh garden bean up to 76X 
while a fange fH 42'% to 54% of reprodudlve abselssion 00 nine genotypes cosprising loor diHering 
plant architectures _e foond {Izquierdo, 198Ia). POO drop accoonted lar up to 82'% of the total 
reprOOuctlve struttures absclsed, Hith the shedding of s.all pOOs less toan 10 ~ in length 
accounting far IOSt 01 this (Izquierdo, 1981b). 

Several lines of evidence suggest th.t il the slledding of reprOOuctlve parts in beans tould be 
prevented or decreased, tlle yields alght be increased (Subhadrabanhu et~, 1978 and Tucker el al., 
1975). A bean yield potent!al up to b200 kg ha- l has been estifiated H toe yíeld los5 due to 
absclssioo was added to the actual yíeld (Table 15). Patterns and rates of flower and pOO shedding 
slgniflcantly differed aaong genotypes with tootrastlng plant architecture and growth habit (Figure 
lO!. Since pOOs abscised at such an early stage of developlteflt ooe fiight suggest that the lacl: 01 
fertllization is Mainly respensible for abscission but evidente is centradictory. Yañez aad 
eoworl:ers U'1!l4) lound that flower buds with a h!gh prohahility of absdssing shOHed a wide range 01 
abnoraalities including large nWtbers of o~llles Hith necrosis and ISI of buds lacUng the elbryo Sit. 

Host researchers have assused that sell pollination procedes at a high enough rate in beans that 
pollination is not a liMiting lactor, but the laet that pollinatien does occur in the absence of 
pollinators does not eslablish tn.t it i5 af suflicient efficiency to wilize yield potentlal. 
Artilicial tr!pplng 01 bean Ilowers, which .Ieles the effect of bee visits, have increased seed set 
per pod aod nuil!ber of pOO. per inflorescence, but eHed varíes Nith genotrlll! and season nable 16). 
Thís varíatloo prohably e~plalns why artificial lllanipulations resulted in y"ield inereases io SOile, 

but not all Iloes when flowers apeninQ in the firsi 7 days alter Ilowerlng were artíllcially tripped 
(Table 171. Unfortunately, these result. still da not establlsh that pollination lialts yield 
potent!al. lnefficíency of pollinatlon .ay be a character 01 lines "ith lOH yield potentlal, while 
tha highest yieldíng eateríals already athieve sufficlent pollination. 

Uilterlelo et al. (1990) stated that enly ene fertilized ovule HlS o!!eded to prevent pOO drap. 
Pechan and Hebster U9Bb1 also loond tbat abseíssion oceurred priaarily in fertilised flowers 01 Red 
Kídney beans. And si.llar results have been (ound in soybean (Aberoathy et~, 1977; Wledbold et 
~, 198B. 
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Tabl2 15. tstieated 10,525 in yield due to abscission, actual yield. 
yield potential 01 nine dry bean entrie. cOMprisinq lour 
architectural ¡orlS, East lansing, 1991. 

Anhí tedur al 
fora and entry 

Estiuted 
yield 1055 due 
to absdssioo' Actual yi eld Yield potential' 

---------------------I:g ha-·--------------------

Architype 
b1300 
b!35b 
61b111 

Classic f( 

BTS 
Nap-2 

SII.U oosn 
Seafarer 
Sanilac 
Tuscol. 

freet s~ll Dush 
C-14 

2661 
31115 
3100 

2904 
2799 

3496 
3443 
3322 

3027 

3'Sl7 a' 
3076 ab 
2949 b 

2á1l9 bcd 
21145 b 

2569 bcd 
11123 e 
2162 de 

2366 cd 

• (raproduclive abscision/'" • !seed/pod! • (seed welghtl. 

6239 
6262 
6137 

5494 
5644 

5Qb6 
5266 
4'184 

5394 

y Yield potenlial = Estilated yield los5 due lo abscission + atlual rield . 
• Mean separation io tolU~IS by Vuncan's ringe test, Sl. 

Sourte: Izquierdo, 1981. 

Perhaps the best >lar to recancile these diflerent raparts is to assulII! tllat cause. of ab'ICissioo 
vary greatly wlth growing carditlars and cultivar. Abscíssion .ay result IrDi water stress ar frOl 
cOMpetitioo aJIOOg developlng pods lar nítrogen, other nutrients and carbollydrates. Iilother cause of 
abscission Is proo¡;bly rel.too to horlllO<1al regulalían of absdssion 01 younger developlng structures 
in a raCele, aainly by the older frult. Regulatory control also (ould be exerted through Ilor.ane 
avallabíllty, hor.one balance or haraone iohibitíon of ass!.!late IObílízation to developiog $eeds. 
DiHerences between bean cultivars lar ethylene produd!on by raproductive .tractures has been 
raported (Izquierdo and Hosfield, 19/101 and related to levels of reprodudive absdssioo. El-Ileltagy 
and HAll (1975) suggestoo ethylene as toe cause of abscis5ian in broad besns, and specif!c response 
to sthylene by targat ce1l5 located al pod pedundes has been described (Osborne, 1977 and Nebster, 
1975). 



- 27 -
A 

1 
O Sm..,Obttth 

i • • CI"~I!" 

r ... Atcllhype 

e 
Ilsoo< 

1 \ Ph."fofogical 

& m81urily 

• •• j 
• 

J 
o 

1 12 11 22 21 32 J1 

• ~\ 

1 l2 
I \ 

S I \ 
I \ 

r 
I \'_ )5(/~ • 

1 • I -- \ 

I I ;' \ \ . \ 

* 
I /,;. 

• • rr-.J ¿ .\ 
~ 't-. 

() 

1 11 11 " 21 32 J1 42 '7 52 

Oey. _!ter 50% tlow.!I,¡nq 

Flg. 10 Patteros and lI!!an rates of reprodoctlve absd5sloo (Flowers:a and pods:bl O, dry bean 
genatypes Mith differing plant arcnitecture and grOMth habít. Slall bush: {vs. 'Seafarer', 
'Sonilac' and 'Tuscala' (navíes, grOMth habit 11; elassie 11: CVi. 'Black Turtle Soup' and 
'Nep-l' (grOMth habit Ill; and architypes (erect, reduced branchiog and narrow profile 
canapy!: breeding lines 61380, 61356, and 6161B (grOMth habit 111. Source: Izquierda, 19BI. 

Table 16. Effect af artificial tripping of bean .10000s an pod and seed 
set in ten bean cultivars. Pallira, 19&1. 

_ Pod5/1nfl arescence_ Seeds/f'od _ 
Control Tripped Control Tripped 

A IZO 1.30 0.75 4.2 4.4 
A 200 1.31 1.22 4.9 4.b 
A 227 11.94 0.93 3.1 4.1 
A 429 0.69 1.ó8 4.5 Ul 
A 463 0.32 0.5S 2.8 6.4 
A 488 0.22 0.41 5.0 5.9 
IlAT Z02 0.14 0.37 2.9 3.B 
IlAT 1061 1.42 1.70 5.9 5.8 
BAT 1281 0.96 0.92 5.0 5.0 
BAT 1670 0.98 0.97 2.9 2.5 
l1ean 0.84 0.94 4.1 4.7 
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Table 17. Effect of artificial tripping of bean flower5 an 5eed yield 
fOUT cultivar;. Pal_ira, 1995. 

Cultivar 

MT m 
MT 1481 
Caliaa 
G 1540 

F TreatllN!flt 

__ Yield __ 
Control Tripped 

----ton ha-·-----

2.43 2.45 
2.51 2.99 
1.36 1.57 
1.40 1.39 

7.8' 

Cultivar K Trt. 2.9 

• Significant at p = 0.5 level 

_S!!eds Pod- J _ 

Control Tripped 

5.4 5.4 
5.3 b.2 
2.0 2 .. 0 
4.2 4.1 

0.9 

1.2 

__"od! .-2_ 
Cantrol Tripped 

210 250 
200 2bO 

9S 103 
1M 191 

1.2 

0.8 

li10ther I!llplanatian for poor pod set a55_5 that the other organs or alder pods are competing 
successfully with the flowers and slall pods for assieilate. Wiebold (1981) speculated that incredsed 
abscission in canopy regians receiving laH irradiante light be a consequence of non-availability 01 
photosynthates in $<ll'bean rae_s. Lacalized cO<!ifletitlon aaoog alder and yaunger de~'elopiog pads, 
at each bean "phytomeric unit' cauld cause a localized abseission. Carbohydrale availabil¡ly and 
level were studied as regulatory agents in abscission. Subhradrabandhu H97bl reported Ihat carbon 
dioxide enricheent and long days during Ihe reprodoctive phase decreased pad absdssioo due to a 
high aecueulation of carbohydrates in the stetS 01 the ev. 'Blaek Turtle Soup'. Higher IKI-starch 
score values hava been issociated Hith higher pod retention and yield of evs. liep-2 and Blad: Turtle 
Saup Ihan the navy ev. "Tuscola" (Izquierdo ~~ al., 1980). 

In the saee line, a ladel based an vascular li.itatíans has been pastuloted for pignDn peas 
(Rawsoo and Canstable, 1981). This E*planatian a.sules that the carbon-assieilales can not be moved 
ta the flawers and 5lall pads rapidly enough betause the vascular syste. 01 the pedieel is nol fullr 
aperational. Axilary flowers Hith short pedicles and a large CfOSS section with large leaves close 
to the sink could increase the pateot!al yield by redueing the resistiRte to the IOveaent al 
assi.ilates. In wheat, phl_ capadty appeared to be quite plastic, diHerent species varying 
lIHuld in cross-settianal area 01 phloel. The varlation HaS associated Hith sin!: strength, thus 
leadlng to the conelusian that translacatlan Has prabably not li.itlng (Evans el al., (970). 
HoHever, easure.ents of translacatlon rates are diHieuIt to .alce, and tlle prablt'll /las not been 
resolved IEvans, 19751. 

E~hasis 15 usually given to los5e5 in sinl strength due to flawer and pod abseission, but 
abortlan 01 individual ovules or developing embryoes would also reduce sink strength. Unfortunatelv, 
data an embryo abortlon Is rare sloce dl!terainatian of ovule ouebers requires tedious dissectians of 
individual ovaríes. Table lB cOIIpares nuaber 01 seClds per pod at harvest, and the .¡¡,~i_ nullber of 
seeds per pad fauod in the harvest ueple. AssUlling O'IUle nullber indieales patential seed nueber I a 
20% or llore los5 in y/eld potential cruld be ascribed to eebryo abortion. Sut ¡gain, it reaains tOO! 
deeonstrated HI1ether suth abortion reflects defech in develapllE!flt, or ii silllply due to insufficíeot 
<lssi.ilate. 
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Table 18. ElllJryo abortillll rate, Han and laXi_ numer al seeds per 
_ l1WIber of ovules per pod and seed wetght in 5 lines 
(frOllttite, 1'I811. 

EIlbryo' 
aO'JI"ti 00 /lean t6l. Mad lIlUI t6l. /lean 5E!I!d 

líne ra.te seeds/pod seeds/pod ovules!pOO Height 

119 

S 122 44I 3.5 b 6.3 290 
S 1540 42% 3.1 5.8 5,3 270 
S 67?!1 m 2.3 4.B 3,9 440 
ti 4495 27I 5.9 8.5 B. I 180 
G 4459 46Z 4.0 7~3 7,4 120 

1 Calculated as 100. U - seeds per pod/ovules per podl 

f'OO grcwth rates 

1000 

1000 
• 

y",. -400 + 57.X 

Al =0.43 

30 

• 

• 
J. 

• • 

• 

41 

fig. 11 Relatillll between seed yield ana duratillll of pod filling in 20 bean Ilnes. ClAT-Palaira, 
1'184. 
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In .dd1tioo to effects 00 number of sinks, low strength 01 ¡ndi vi dual sinl.5 might li.i t yield. 
It this were tfue, pod growth rote mignt be correlated Hith yield. for 19 bean cutti,.r;, ma,im'J> 
poo growth rate "as Oflly slightly eorrelat!!d with yield (Hg. W. As díscussed in the lntrOOudion 
to the s!!Ctioo DO ¡ield potential the results only de_strate a relatioo, nat (luse and eH!!':t. F'OO 
ar.e!!d grrn;th rates and duratian may relled avaílability 01 assimilote as mueh as sinl. strength. 
However, il tnis WEfe the case, treatments "Mien alter the s~jrce~sin~ balance, such as depwjóing 
and defoliation, should alter pod growth rates. POO gro"th patterns under .uch treatments are ,ery 
si,i lar as compared lo di lferencEa ."""g culti vaes (Figure n, supporting the possibi lí tr DI sin~ 

strength e/lects. When the pod elongatían rate 01 25 lines ~ithin ln international replicated tridl 
lar drought toleranee mWYT-ClAH was melaured, both under P05t~f1o"ering unirrígat!!d (stress) afió 
irrigated cc~dit¡ons, a reduction up to 17~ in the linear elongalíon rate Has observed (9.96 
írrígateu and 7.47 mm day-t under stress) (Izquierdo and Huepe, 1986, unpublished!. 

HarvEst ¡ode;.; 

H sínk strength is limiting, one WQuld expeet il relatívely large pruportion 01 crup weighl al 
matudly as vegetative growth instead al seed yield. ro el'alua!e this pasaibility, a "harvest inds;;" 
is usually e.l[Ulateó aS! 

H! " Se;>.J yield!Biological yieló, 

.here biDloglcal yield is sí.pI)' total crup dry weight at maturity. While )'ieló inere,sEs in 
ffi.ny eraps have been Iín¡.ed to incfeased har,est inde, lWallace et ªL, 1972!, áati showing 
cDnelatioos among yiEló and hanest íode, fflUst be judged "ith tauUDo ¡I not complete sfeptldsm. 
Sinee harvEst iude" is ealculated in part Imi rield data, a.oy correlatiiJll will ¡ndude ttlis artil3d 
and be artificially· inHateó (Char 1 es-Es""ds , 19821. 5im¡Jly u,iey pairs af f30dom numbers ta 
caleula!e artificial values 01 harvest inde". ooe can generate highly signific;nt (Cfrel.tions. 
C.lculating yalues representative lar beans, a mean harves! inde~ 01 0.5S and *an "yields" af 2J' 
tons ha- t geoef atea Hith ranoolii rwmbers, 20 pairs of rlah gave a correlatioo of r 2 

!: 0.77 {Figure 
12), 

o' 

• 
• 

00 • .. -. 
• .. 0' 

Y=0321fOOOOt28X 

0.4 _. __ ._-------...,--------~----,,-
'000 '(lOO 3óOO 

Fig. 12 Artilicial tarlelation 01 yield and h.rvest jndex calcul.ted flom pairs 01 rando. numbera. 

Adding to the prablem ¡¡/ interpreting harvest index ,alues in beans i5 that varietal dillerences 
in deloliation ana stero senescente during maturatíoo 01 beans mal:e it difficult to decide which 
tissves to ínelude in a sample. Diflículties are also eocDuntered in deciding wheo to sample, and 
haN to mana.ge the s.mple subsequently. Harvesting at a single date Ni!! inllate ,alues 01 early 
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.aturing lines. Perlitting salples to air dry after harvest .ight result in reduced differences 
since respiration can continue to cause weight loss. 

To cope with SOle li.itations due to cultivar differences in leaf abscission at laturity a 
lDdified harvest inde~ (Kohashi-Shibata and da Costa, 1'/8f)) has been proposed as: eHI = seed 
yield/total cuaulative biological yield at physiological .aturity + dry weight of abscissed organs 
(1Iowers, pods and leaves). The collection receptable for field abscission studies described by 
Izquierdo and Hosfield (1982) is well suited for obtaining the dry weight 01 abscissed cOlponents. 
Fig. 13 shows a highly significant correlation between the aHI and final yield, although this resu1t 
is also an artifact. 

Masaya (personal cORlUnication) coapared harvest index to other paraaeters for individual plant 
selection in F. and F3 populations, and lound that it Has essentially useless (Table 19). More 
research is needed to evaluate e/U as a tool to overcQlle the tieitations found with the conventionil 
har,est indexo 

Ol 04 0.5 

Modilled hlllve.1 ¡nde. 

Fig. 13 Hodified harvest index relationship to yield lor 9 dry bean cultivars Hith dillering 
plant architecture (O: architype; O: classic 11; O: s.all bush; and O: tall erect bush). 
Source: Izquierdo, 1931a. 
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Table 19. IIverage seed yields 01 F. progenies deri'ied frOll individual 
plant selectioos in the F. using various cDlbinations of 
selection triteria: HI' harvest indel<; llIi • plant dry weigl1t 
DY • daily yield. Nuebers in parentheses indicate F2 plants in 
a given selection category. !tasaya, personal c_icatíoo. 

A 42'i' x 
XAN lI2 

A 42'i' x 
rata de Zape 

A 419 x 
Pecho AoMrill a 

3. Assi.ilate Partitioning: 

____ ,Selectioo _criteria,-c-:-__ _ 
Cri terion 

3 4 _4 plus_ Parental Yields ¡ 
Female Mal e "1 

2 
llIi VD ~~ 1+2 1+3 2+3 

-------------------------g plot-1
---------------------

268 25b 266 312 2!n 270 2fJ7 
(201 (101 (3) (62) 113) 

268 25'1 2J1l 2fJb 269 2JIl 317 
(lb) ('11 m) (21 (4) 

2bS 285 253 253 263 2fJ2 
(211 (91 (! 2fJI (91 

Rather than assuming that specific characteristics 01 the source or sink ¡imit yleld, an 
alternate hypothesls is that It 15 the partitiooing process Hhieh is defective. I\d~ (1973, 1975, 
and 19811 has praposed a series 01 architectural lOdels elphasizing the need for cultivars Hhich are 
ef/lelent in aabilizing both dry Matter and N to the seed. lf a cultivar accUMUlates Issí.llate and 
nitrogen during 'egetative growth, ana ís able to remobilize it during podlilling, this should delay 
leaf senescence, ana lead to higher yields. COIIbined HitO a llOre erect plant type to reduce lodging, 
suco a plant-type should permit ~jch greater efficiency during the podfilling periodo 

lIodification in plant architecture do!!s nat necessaríly have to lead to increased eHiciency in 
translocation although yield ad,antages 01 toe ¡lIIProved varieties over old standard cultivar. has 
been a5sociated with changes in physiologícal perforMance may et al., 1900). Toe IIOrphological 
lOdel eharacterized by toe Adam's .rchitype has produced apparently not only a eore desirable bean 
plan! type frOM the agronnmic standpoint (lod9in9 resistance, and ease of eechaniea! harve.tl, but 
has I!!ad to higher yields due to ínere_sed physiological effieiency in,nlving filling duration, 
partitioning ana remobílízation 01 assisilates !Izquierdo, tqs¡l. 

10e 0rvothesis 01 stress toleranee due to remobilization 01 reserves is attraetive but has 
li.itatíans. The abllity to withstand a stress by assi.ll.te reaabilization is not necessarily 
linKed to storage capacíty. Partitioning and reaabilizatíon capacity are both needed and IUst be 
considered in a breeding prograM, This suggestion is consistent with the faet that bush type 
entries have been characterized by a short bu! rapíd /illlng perlod, high partitioníng, and high 
reaabilizatioo of dry matter. However, these entries, as clllIIpared to the other types, are susceptible 
in diflerent degrees to leal area reduction due to physieal and blological stresses. !Jnce toe 
photosrnthetie lecha"is. becOftlES illlflaired in bush type plants, seed filling depends on 
reaabilization. Evidence th.t water stress enhances assi.ilate remobilization (Samper and Ada .. , 



UI1Publishedl indirate the need lar further rHlIaren. Aspects of this prohlel Hill be discussed in a 
subsequent sedion. 

4. VleId COBponents: 

A specíal grllUjl of hypotheses cO!1Cernlng ¡5sitilate partitiooíng are tOOse related to 
characteristics such as seed Helght, seeds per poo ar inflorescence, and poo nutlber, whícb lIay be 
delined in such a Hay tnat Hhen IlUltipled together, lheir prOOuct is equal lo trop yield. Such 
'yield cOBpooents', as they are terlted, _11 first used by Ei1gledow 119251 in .tudies uf Hheat 
ríelds, but analysl!S of yield cOBpooents Me frequently dooe in legulioous crops. For belOs, 
c!lIIpooenh ltay be def ieed aSI 

Yíeld = 5W K SI' K N'I, Hhere 
SW = HE!ight uf single seeds 
SI' = seeds per pOO 
I'N = pOOs par nade 
N'I = nOOes per .' 

Tbese components ¡Iso serve to calcuIale othar!: 

SI' K PN K N'I = Seed5 per .. 
SH K SI' = yield per pod 
I'N K M1 = pOOs per .. 
SH ~ SI' K PN = rield per nOOe 

Component. lay be subdivided to distinguish between components borne en brlOches ar .alo stelS 
(e.g. gennett el al., 19771. 

Th!! sieplest strategies lor increasing yield through seIection lar rield componenti observe that 
il tert.in cOBponents are increased Hithout alfecting the othars, then yie!d IUst increa.e. This 
lollows fra. siiple al gebra , and as theary is uniepeachable. In practice though, sludies al 
vMiation in COIpOOI!Ots easured in diHerent genotypes generally show that far pairs uf cOBponents 
Hhose prOOud equals (eg. Seed lleight K ItJlIIIlar 01 Seeds per .2!, the correlation betHE!E!O the pair Í5 
negatÍYl! (Table 20). lhis e/fect Nas lerlled 'yield component COIpI!fisation' by Adus U9671, lOd is 
attributed to cOIpensatory growth as dlstribution ef SDie yield li.itlng rescuree is affected by 
genetic and environMental factors. The principal ieplication af this proce55 is that sel!!ttion lor 
high leve!s 01 ene coaponent wilI prohably not result in yield increases. 

Table 2iJ. Correlations betNeen pairs al yield eOlponents (whase product 
equal. yield) lor tHO lrials of bush be_ns. Source: Nhite, 
l'lSl. 

Seed weight vs. Seeds .-. 
YieId pOO-J vs. roos .-. 
Yield nOOe- J Vi. Nades .-. 

Trial Nítn: 
10 cultivar. 38 cultivars 

-.9IH -.!lbU 
-.[,5 -.OOU 
-.21 -.77" 

',ft Significant at the p = 0.05 and p • 0.01 levels, resp!!ttively. 
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However acceptíng that yield co.pooent co.pensatioo OCCUr5 does oot eli.inate the possíbility 01 
identifying an aptilil<ll ca.binatioo of cOOlflonents. Grapbs al varietal differences in tIlO cOIIponents 
whose product equals yield (Fig. 14) illustrates the overall trend of cOIIpensatioo, but deviations 
fr01l the curves lor constant yields show that there ís ~ch varíation besides that e~plained by 
compensation. Thus ooe .¡gbt expect higher yielding ¡ines to represent Sa.!! apti.al ca.binatíon 01 
cOllpooents. 

S. Integrated Strategies: 

As IIII!I1tioned before, planl breeders have llade no decisÍl'e breaHhrough in yields 01 dry beans 
Hith the exceptloo 01 developing disease resistant varietles which allOH genetic potential to be 
expressed. 

lntegrated approaches consídering plant eorphology as He!l as physiological elficiency have been 
attl!1llpted by defining crap ideotypes adapted to specific environ_h. Donald 11961l) etIIphaslzed that 
a plant ideoty]!!! IIlUSt be a poor mllpetitor. This breú frlll1l traditiOl1al thinl.ing cores frlll1l the 
understanding toat tne individual plant Hithin a cOfimUnity NilI Express its potential for yieId ~t 
lully ¡¡ it suHers a .ini.ulí of interlerenee or cOflIfletition IrOtt its neighbors. The crap ideatype 
is !!iipected to eake a .inilllu" demand 00 rescurces per unit 01 dry matter produced, but the coo.uni ty 
as a HIlole must e~tract a ea~imu. aeount 01 the rescurees. 

Fig. 14 
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Yield COflIflOl1ent cOOpOOSition alllOflg 39 bean Iines. Curves represent levels of constant 
seed yi.ld. Sourw !«lite, !~al. 

In bean5, characterist!cs such as deterlllinate habit, early lIIaturity and sllall leaves hal'e been 
considered to provide Nide genatypic adaptation (Si I vera, 1974). Adaos (1973) suggested a bean 
ideotype lor lIOOoculture, and further hypathesiled that only ¡eH chaoges needed ta be llade ta adapt 
tois ideotyp. to b. a suceesslul cOflIfletitor HIlen grOHll in .hed culture Nitn eaiz.. II!! suggested 
tnat tne leaf Sil. be .. edium to s.all, and that the sink capaeity be iocreased by ral.ing lb. nGlber 
of flowers per racell!!! and nullllJer al seeds per podo Do the physiological ¡ide, he suggested it would 
be desirable to raise the net rate 01 r~ e~change, to iocrease the rate ol translocation of 
phot05ynthate ta sink, and to seleet for a high harvest indexo 
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Tilflal:a 119741 suggested iIfI indeteninate bean tipe which wwld produce lIiIfIy pods en tlle lLlin stetl 
for eixed culture Nith .. íze. 

AdalS <19m lefltiened tbe íS09!!f1ic líoe, eodel building iIfId fador analysi! as tnree eethods 
that had been used incenstructíen Df plilflt ideatipes, but very limited oueber af studíes have been 
taoduded in bean.. Denis H9711 utilized a fador iIfIalysis Df bean plant-type variables. lI1th tne 
salle approach, we than WI of total variance Nas attributable to tlle factor naMed 'partitiening' 
under stress cenditioos (Samper and Adaas, 1985, unpublishedl. 

Thes!! theoretical, aorpho--physiological plant Models have been appro.ümated in breeding effarts 
(AdaJll5, I\i!lH, and iMproved línes have appeared to ShCH greater yield in lIOOoculture. 

b. A New Strategy: 

Having reviewed various strategies far increasing yield pol!!fltial, a lO9ical conclusioo 1s to 
provide a new strategy. Bisic components of our strategy are oot radícally different froe thase 
described far cereal s (e. g. Ilonald, 19b1l; Chil11dler, 1%91, aod al 50 share COMpüfl!!f1tS of prevíous 
proposals for graio legUES. 

Our first pr!!flise is that the strategy must be developed in tlle (Qnte~t of appropriate agroootlic 
aanagement. Me sugg~st narrow row spacings (e.g. 30 cm) at deos!ties 01 40 plants". The fact that 
these practices do not give maximum yields Nith eKisting .ateriáls is irrelevaot sinee tlle ínterest 
i5 not in current cultivar., but rather a new tipe of bean erop. AA abundant nitrogen supply will be 
required. For a I ton ha-' yield ioerease approxillately 80 to lOO tg oa-' Df additional nitrogen are 
needed, assuming 501 losses to non-seed tissues and leaching ar volatillzatíon. Achieving suco 
levels may require split applications of nitrogen or spedal unagement to maximize N-Hxatioo. 
Recent work on f100d culture Df sOiueaos has produced 40% iocreases in grll!lth over convention_1 
irrigation, suggesting that water manageMent aay r¡¡quire lurther iiljlfoYeflent INathansOfl et al., 
1984). 

A speciHc aorphology (e.g. deter.inate stelS and no lateral branclle.) is less iMpartant than 
crap response to high fertility. As in changes introduced io ta rite cultivars (Chandler, 1967!, 
plants whith show lieited N response af stee elangation and leaf expan5ion are needed. Thís response 
wíl! prohabIy be correlated Hith reduced branch grCHth iIfId se.Uer .aKíllUa leal size. Root or 
stee strength Hill have to be increased to ieprove lodging resistance. 

lhe detIonstratían that photoperiod response is often clasely related to yield perlor.ance 
establishes tne need far assuring proper climatie adaptation. Reduction nf eaiotenaoce respiratian at 
hígh temperatures may prove useful. Nitrogen partitioning 5hould permit 5tarage in non-leal tissues 
lar remobilization during podflll. Tnis lay .Isa require a reductian of pod sink strength in early 
5tages nf podfíllíng. 

Specific eombinatian 01 vield components 5hould not be sought, besides aaintaining saaller seed 
si!es ¡¡!ji) to 250 mg per seed). 1t i5 possible that nuillber 01 seeds per pod should be lIIOOítored in 
relatian to ovules per pod to assure that seed foraation is elficient. 

lo the first 15 to 20 dars alter emergence, the growth curve of the trop may actually be slCHer 
than Hith eKístiog cultivars, reflecting less alloeatlan to leaf growth. Early reproductiva growtn 
llay alsa be reduced, thi. balng assoeiated Nith longer leaf lile during pod-filling stage. Greater 
leaf lile Nill assure eaiotenance 01 high seed-filliog rates toward .aturity. 

While this crop Hill have a higher yield potential, cOMpetitive ability NilI nave be!!fl si!crificed 
(Jenníngs and Jesus, 19b1l). The crop shoold perforll poorly io mixtures Hith traditional cultjyars 
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!Ir other crops, and in the presence 01 heavy Ifiled cOfllletitioo. Variabílity in individual plél1t 
yields Mili he IOH. The crop HiII have a poor tolerance lo defoliation, Hhatever the cause. 

Tlle IaSt efficient Hay to develop cultivars satisfying these requísites is fi'5t ta yíeld test a 
wide range uf cliaatically ada¡¡ted eteríah under tlle agronOflic conditions specified aboye. 
Maturity date should be recorded to carrect yields far langth of growtl! cyele. Screen!ng lar 
specific characters should begin Hith lodging resistance, nitragen response, and reduced aaKilül 
leal size. Reduced Maintenance respiration is desirable, hut because uf the equipaent needed /or 
screening It is "at suggested as a priaary selection criterion. 

rar .ites Hhera late eturity may be e'ploited, selection lar lateness should prove use/ul, but 
only iI combined with strict control to elieinate .aterials Hith IOH reproductive sint strength 
{'pOOl" adaptation' or IOH pod setl. ~lection strategies might inelude selection lar late flOHering 
and high node position 01 the lirst .ainste. inllorescence (not nade 01 lirst Ilowerl. [,elusiva 
reliance on parents known to be well adapted light help. 

Other de5irable charaderistics described lar the ideot~jle shoold eeerge through direct selection 
lar yield. Resources should o1ot be io1vested 00 seeHng toem individually. 

TIte precedíng sections oave discussed yield potenti_l "ith little reference to specifíc cropping 
systelts ar limitatíoos 01 seed type. However, eaúmization 01 yield potential is alten soogbt Hith 
specific limitatioos. Probl_ assodated with .ixed crapping and mixtures 01 bean cultivars are 
p!lfticularly difficu!t. Increasing yield potential in mediu. to larga seeded and in early matUfing 
lines has .150 proven troublesome. Thesa tHO tapics are discussed bere. 

Hediu. to larga seeded cultivars 

rür conditions perlítting yields 01 2.5 to J too ha-J, mediu. to larga seeded ¡ioes (herealter 
relerred to as "large seeded" fUf sillljllicityl typically yield 1).5 ton h.-J less than 51all seeded 
ooe5. CotIpar!ng ilean yields [!Ver tllree trials 01 57 Unes varying IrOfl 170 ;ag to 470 lIlQ seed weight, 
seed size e'phined approxiutely 49% of varlaUen in yield (Hg. lSI. Tltis _Id suggest th.t lor 
iW(iltUm ¡lelds, small seedad Unes .re needed, but tllis has to be balaneed ag3inst (ooSUIter 
prelerences fUf largE'f be_ns. Tltus, there is consid!lf.ble interest in identifying causes DI this 
dillerence in yie!d potential. 

The IOSt persuasi ve set 01 nypotheses derive support frOfl the recent linding that s •• 1I and large 
seeded cultivars represent two genetically distinet groups, reflecting dilferent erigíns. The small 
seeded lines are pradOltinantIy M!;so¡¡merican in erigin, whíle large seeded ones have an Andean origin 
{Gepts et al., 1~941. The groups are sufliciently different that progenies ¡rOl ínter-group erosses 
usually produce dwarl fl plants (Singh and Gutierrez, 19341. 

Accepting that the groups have diflerent origins and are difficult enough to iatercross that 
there has been little introgression among the groupsJ the di/ference in yield potential siaply 
reflect di fferences ín adaptation of lhe cul ti vars. TIte small seeded, llesoilll!!fican types are adapted 
to pests, diseases, 50il and dillltiC conditioos typieal 01 middle altitude sites (roughly BOO m to 
1600 .) trpical 01 M~soaMericaJ Hhile the larger seeded types are ada¡¡ted to conditions lound at 
higher elevations {lorJO. to 3000 el along the Andes. Although ~y cultivars are nOW grown outside 
the regíon; they were originally adapted to, tb! difficulty 01 crossing a.ong groups has li.ited the 
possibilities uf transferring cotlpooents 01 adaptaUon Hhich _Id íll(lrove yield perforMance. 

Evidence supporting differences in adaptation ís lound In cotlpari5Olls 01 photaperiod response in 
dillerent seed size groups (lab!e 21). 
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weight lar 57 beao cultivars. CIAT, I~B4 and 1985. 

Table 21. Photoperiod response 01 Ilowering lar dillerent germplasm 
accessioos at CIAr grouped ttccording to seEd SiZE. 

Small 
(less than 28 mgl 

l1ediuI 
(28 to1S mgl 

large 
!greater tnao .J5 mg I 

Number 01 accessions with given 
::--_JPhotoperiod _responsE_ol 31o_ingf __ 
Day neutral lntersediate Sensitive 

53 

24 36 52 

lb 24 59 

* Sased 00 delay in Ilowering in 18 hr artilicial photoperiod as compared 
to natural 12 daylength at F'alllira, Colombia. 

large seEded materíals are pred06linantly photoperiod-sensitive and smal! seeded DIlE., day"lleutral. 
In rield trial. perlorsed at different elevations .ithin Colombia, large .eoded 8iihrials yielded 
poorly at the Har ... ;ites, but were superior at the coolest site (Fig. 16). Austin ond Naclean 
(1972b) .150 nated that large 5eeded materials germinated laster.t cooler teBiperatures (l¿oCi th'n 
5 .. 11 seeded ones, 5uggesting thi; Might provide a uselul 5creening characterístíc. 
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Relation between se~d yield aod lOO seed Height at twa locatioos in Coloftlbia 1 Al Santa 
Fe de Antioquia i2!"C); S) Pasto i11°C mean temperature), CIAT, 19!9 and 1979. 

A secood itne 01 argumcnt; rt',,,i"€5 around the assueptioo that if the developlental processes 
l41ich detEfmine seed sile sh.re genetic control aHecting other develop_tal processes, then large 
seed si,e ~.Y be obligatoril'r linl,ed Hith larg!!f sile 01 other organs or tiSSties. And these size 
eHect. lIIar be disadYanta'¿€ilU3 fo, e:","'ple, in other craps, [arge fruit sile results lr¡liI! larger 
(el! size, and re!ated effeeh .,," •• mHested in si!e 01 !eaves, stOllat., pollen graios and other 
tis5ues, this phenoaenOfl beiog termed '9ig.otisl' iSchwanitz, 1967). lo beans, seed Height 15 ofteo 
slid to be positively corr~l.ted with leal size and mean internode length, and has been fouod 
torrelaled wíth tíssue te!l si,es (Fíg. 17). 

Clase assodations have been noted betHee!l leal size, pod she, and seed size in beans (~arte 
and AdafiS, 1972) and betHeeO leal size, leila si¡e, and seed size in barley (Haftid and Gralíus, 
1978). These rel.tionships Me explitable on the aS5umption 01 CIlMOll geoetic influences 00 

hoaologous tissu!!s. The assumption 01 hOlOlogy between leal and seed lay be reasooable on grouods 
tbat each organ is initiated at the earliest pri.ordial stage in a si_ilar .anner ¡roe ao ¡pica! 
_istet!. 

Saal1er cell sile has been associated with higher photosy~thetic rate .od greater drought 
tolerante in otñer traps (SlacK el al., 1976; Cutler et ~, 1977; Nobel, 19801, 
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Relation between endodermis te!1 size and seed weight in S bean cultivars. Cell size is 
.easured as cross sectional area in arbítrary uníts. 

Possible relatioos between seed sile and pod growth rate .150 .igot influence yield potential. 
lf larger seeds illply larger individual pod weights, and this in turn requires higher pod grOtlth 
rates or longer Hlling periods, large seeds eight result in excessiv!! sinl: streogth IlÍthín a 
leaf-race!! unít. Hhite (1991) lound high!y significant positive corre!ations 01 0.86 and 0.85 afiOflg 
seed size and pod dry weight in cOIIparisons of 10 and 3lllines, respedively. IklNever, in studies 01 
individual pod growth patterns, seed siz!! and pod growth rate were not correlated (CIAr, 1985), 
dif/erences In pod siz!! prlmarily resulted frOl variation in duration 01 pod filllog, not rate of 
filling. rhis 1. In agr~t Hito observed differences in the linear seed filllng period found 
between differlng plant archltectures and strongly related to fioal yield (Izquierdo and Hosfleld, 
1983). 

~Iearly, the causes 01 toe diflerence in yield potential among seed size groups are nat well 
establisned, although hypothese5 abound. Adaptalion dlfferencfs are probably of ~ajor ilportance, 
but accepting this, one is still left Hith the possibility that characteristics obligatorily 
assocíated Hith large seeas are adaptive in cooler (limates. 

Early i'taturity 

For (onditions Nhere growth 5easoos are II&ited, there is a strong aotivation lar RaXimizing 
yielas. Although .any arguments lar yiela potent!al (an be extended direclly to early .aturing 
llnes, researchers have suggested that certaln cnaracteristics soould be advaotagEOUs In early 
uturiog lines. 

Befare coosldering SOIle strategles lar increasing ¡'ield potential in earIy IIiIturlng lines, we 
should consider the delinition 01 earliness. Given the strong eflects 01 (limate and photoperiod on 
eaturation rate, 00 rigid definition can be given, nor Hill .pecilic Ilnes be early under all 
condítioos. However, as a rough guldeline, He wil! assu.e io these discussloos that if "norllldl" 
line. at CIAr, Pal.ira mature in 75 to SO days, then ear!y ¡ines HOuld .ature io 58 to bS dars. 
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The illlpartance 01 specialized agrooOtlic unaget!ent lar early lines also _its note. Acceptin'l 
that SDUree lieitatioos will be crítical in earlr eaturíng eateríals, rapíd e5tablish~t 01 leal 
area ,"ould be critical. Besides seeking varieties with this eharacteristie, planting pattern and 
density may be liOdilied lar llOre rapid establishment 01 crap eover. rar loor early lines, Iblina 
H'lllb) 100000d that a 20 el by 20 el planting pattern resulted in greater cilnGpy cover at 30 days, crap 
dry weíght at SI) dar', and seed yielós than row apacings 01 30, 4:i or bO ca Hi th the same plant 
populatioo per unit Mea Hable 22). 

Table 22, Yields of lDUr early eaturing lines sown at lour row spacings, 
hut cooserving a populatioo of 20 plants .• -'. Palmira, I~. 

Cultivar 

----------------------kg h.-·----------------------

RAS bQ 
XAII 145 
BAT 41 
S 38iJ7 

Mean 

2:i20 
2340 
2110 
1640 

21:iO 

2100 
2060 
2180 
lB90 

2060 

5.t. lar difference 01 treahent leans • 102 

2290 2700 
2240 2610 
2090 2300 
lB70 19:iO 

2120 2190 

large se!!d sile j5 also Irequenlly eenliooed as a eechanis. lar achieving rapid establisheent 
(Rodríguez, 19Sb1, but in coaparisoo 01 40 earIy eaturing li"es, seed weighl "as not carrelated Hith 
yield or yield day-' Hable 231. 

Table :n. únelatioos iI<IIO!1g yield and other pMueters lar 40 earl y 
.aturing lines plus S 452:i. Palaira, 19B4b. 

------~-----

Vield Yield/day Days to aaturíty 

Yield/day .99:: 
!lays to eatur it y .80U .72U 
Crap dry weight .87" .B5U .me 
Harvest ¡"del{ .IB .23 -.00 
100 seed weight .14 .14 .IB 
5e!!ds/pod .2Il .. 26 .23 
Podsl" .bBU .bBU .49U 

te Signílicant at the p • 0.01 level 
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Ii a short growth erele results io a li.ited number of sites lar pod lillioq, relatively large 
pods ar number 01 pods per node would inerease siot size. In ccntrast, lar a crop Hith a short 
period lar pod lilling, very eflieient distribution 01 sink demand ftight be crucial. This, in turo, 
suggests 1" advantage lar early JIIaterials HitO smaller pod5 distributed over a "ide range 01 sites. 

ArgUlll!!llts lar eíther a relatively long ar 5hart durabon of pod filling can also be given. Sine!! 
duration of podlilling is positively carrelated "ith yield, one JIIight seek cultivars eaximizing this 
period "ithin the growth eycle al early lines. Al teroatel y, il total vegetative growth deterMines 
crop yield, a line which flawered late, but filled pods rapidly would be prelerred. 

Many ather strategies have been sugggested lar ioereasing yield potentiaI in earlv JIIaturing 
lioes. The reader is referred to Rodriguez (19Bbi lar details. 

B. Potential 01 Oiotechnology ar atoer Stralegies in the Future: 

Previous discussions ha,e adhered to ..nat a¡ght be consid~ed conventíonal strategies lar 
increasing rield potential. However, Hith the aóvances io techniques lar .anipulahm¡ gen~ ana 
propagating plants, there exists the poss!bility that advances will result ¡rOlll strategies 
considerably ~Jtside the scope 01 those outlioes above. 

Although e~ploitation of heterosis through use of hybrid seed has shawn little prOlllise io eOfflmafl 
beaos (Gutiérrez and 5ingh, 19841, other strategies lor e,ploitióg heteras!; e.lst. In some crops, 
seed ís pr~Jced without the genetic fec~ination accurring in meiosis IBashaH, 19801, the process 
being terMed "iipOJlli!ds" ar MOfe specifically "agall105permy" lseed larmation Hithout productíon al 
gailletesl. ApOJlli.is accur; in very low Irequeocies in graio legulles (Sobolev el. al., 197b), , .. ,t 
with a _e cOlllPlete understanding 01 control 01 llelosis it .ight be possible to cOfistruet a 
iipOlllidic cultivar. lIIUCh in the "ayas has been propased lar potatoes [Herlsen, 1990). 
I\lternatively, ;¡pDíllÍlií •• ight be 500ghl throogh JllUlation breedíng. Aprnllixis cOMplie.t.es breeding 
stretegies, but combining a genetic propensity lor;pomixis "ith a requirE'l!!lllt lor ehemital inductioo 
would .inieize this drawback [l"'flaga, 1983i. 

Another avenue far exploiting apOJIIixis i5 through vegetative propagation. A few areas 01 bean 
production a!ready involve transplant 01 seedllngs (Sím¡h, personal cO&mUfticationl, and introducing 
vegetativel y propagated eatería! should prove straight larward. Pres¡;¡¡t! y, i t is di ffícult to 
propagate belAs through ti s.ue culture (Nrogínski and ~'artha, 1984), but l f barríers are Q,ercome, FI 
hybrids lIight be prop.gated through ti ssue culture, ann di stributed as 'sOllatic eJllbryoi ds' , that i s, 
embryo-liI:e propagules. 

Although considerable work has been devated to tissue culture "ith P. vuloari., to date, there is 
no published anrl eonlirMed procedure <lvailable lar de nova plaot generatioo froo either callus, C!?1I 

suspension, or protoplast cultures. Regeneration 01 plants by in .itro culture has 5ucceeded Hith 
apieal _íst!!/llS of lYijotic embryas only. 

Shoot ape_, callus and tell suspension cultures are relatively easy to establish aod were 
employed in seversl studies but results are very poar. lo a report that has never been conl ,.o,' "iIJ 

plants wer. regenerated ¡rOJll about 400 c.lIus cultures ..neo explant; originated frlJ¡1l leaves 01 P. 
vulgar!s were cultured on a mediu~ supplemented with bean see1 extract (Croco.J et ~~, 1976). An 
average 01 15 regenerated buds per each e.plaoted ,hoot apex was obtained ¡rOl!! the cultivar ·Palmital 
Fretoce" with full plants recovery .Her the third suhculture with gibberelíc (GA"i and "sHalen 
.cetit .cids lNM) growth regulators {Nartlns and Sondhal, 19841. Very reten! results oi res."cfl 
in this area at CIAr nave shOllf1 the indudioo 01 somatir eKlbryo-lire slructures On be.o Gllus 
cultures maca, 198b, personal cOIlffil'Jnicationl. But, to reaH!. any af these püssibllities ¡¡ Cümpl.fe 
breaktnrough in regenerating bean plants ¡rOlll tisslJe cultures is n,;eded. 
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Althoogh currl!flt techniques ID/" hybridizing legumes have perllitted Ii.ited eross!!. betNl!!!f1 1!!gU1Ile 
gl!flera D/" species (Alvarez et al., 19911, investigation on the use of protaplast fusion to produce 
soaatie hybríds suggest lb!! possibility 01 producing graio leguees eontaining desirable features of 
distantly related gl!flera (Schieder, 1'192'. Tou., bea" cultivan lIith lb!! late uturityand 
architecture of soybean plant •• lIigot result IrCII SCIIatiC hybrids of CONlOfl bean and saybean. 
Considerable inlD/"ution edsts on lusion af sOybean protaplast I/ith non-leguees, but in no case have 
planh bel!fl regenerated (HroginsKi and Kartha, !'I!l4). 

AssWlling that beans lIill be gr_ in enviran_ts lIhere a C. photos~nthetic pathway are 
advantagl!OUs, one lIight recOflsider the possihilityaf converting beans to a C. patoMay. Screening 
of aver 60000 plants of soybean, oats and lIheat failed to deted a single indi vidual wi th a 1011 CIl% 
cOfIIjIensation point (Evans, 1975), and ídentical laílure rates in ather traps soggest that suth a 
ehange Kili not be achieved using current breeding techniques. However, "ito illproved ability to 
identily and finipulate speclfíc genes, toe cOfIIjIlete set of genes required ID/" toe C. pathway aignt 
be translerred. 

Genetic 1Iad!lication of plants by genet!c aanipulation 01 the DNA level are still lar in toe 
luture. Mast of this research eurrently uses lladel plants and genes. However, recCllbinant llNA 
technology.ay. on a .ediua tera basís, be used to develap I\Olecular genetic llarhr. lIhico in turo 
can be use to built genetic linkage esps ID/" eronCllic iaportant trait. ¡Vallejos et gh, 1'19b). The 
availabilíty al this procedure would help bean breeding by accelerating tb!! introgressian 01 loreing 
genes into COIIIercial cultivar and is under study at CIAT (Roca, 1'19b, p.c.l. 

Other strategies are easily envisioned, bul toe aboye e~allples should serve as warning toat Hhil! 
'standard' strategles hold the greatest prOl!se for the i.mediate luture, one should not be blínd to 
other strategies. Perhaps toe best recOilh1ll!fldation cOles IrCII Ralph N. EMersan in the l~th century 
'A foolish consislency is the hobgoblin 01 little a¡nds'. 
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IV. PROOUCTIVlTY UNilfR STRESS 

For toe v.st majority 01 be_n production regioos, yield potentials are never reali.ed because 01 
combined effects af edaphic, climatie, disease and pest problems. In fflüSt eases, there is genetic 
variability ter responses to stresse5, and considerable effort has gane to the study 01 tolerance or 
resistance to diflerent strEs.es. The discussions that follow eophasize abiotic stresses 5uch ·15 
drought and e~cess water. The last section discussEs general stress tolerance or 'rusticity' io 
beans. 

fl. Ilr ouq/lt 

The i"'Portance 01 water deficits in Iimiting crup yields can ultimately be traced to the fad 
that lar most fiela cooditions, water vapor diffuses out of a plant more easily than ~Q., and that 
soil water i. not sufficient to permit the plant to cantinually replace lost water. Conservation of 
water throogh stooat.l closure ar ather mechanisms reduces phot05\'nthesis, thus trap growlh is 
limite!!. This results in a close relation bet.e." water availability and yield fFíg. 19). 

A high relatiooship between leaf area inde" and el'apotranspiration has been obsen'ed in snap 
beaos by Bonanno ana Mack U98}) in agreement wi tn the linear lundian d.stribed in Fig. 19 betw!cofi 
e.apotranspiration and yield 01 tilO black cultivars al beaos differing in their response to drought 
stress. 

Considerable l¡terature e~ists on ellects 01 drought in be,"., and an possible mechanisffis 01 
drought tolerance, but although our undershnding continues to improl'!!, enough qu~tilJ!1s rl!fi!iin that 
practical benefits af suco work are diHicult to idenWy. Many DI the diHiculties ud.e ¡roe lhe 
i"herent cooplexity of drought, but error. in planning and interpretatian of !!Kperieents aften 
underly cootradíctery findíogs. Th!! IIIOSt seríall; errors .ay be sUd!l.Wized aSI 

l. Failure to use relevant stress condítions. In particular, greenhouse conditions using 
container grown plants aften result in stressEs dEvelaped too rapidly, yel under conditíons al 
low radiatioo and high humídíty. 

2. Failure tl1 QUilntitati,ely characterize the stress. Publi;hed r.ports often fail tl1 mentíon 
parameters such as soil water cantent (9 H20 g-' soill, soil water ar leal potential, leal 
canopy temperature, and yield reduction which help indicate leve!s oi stress obtained. 

3. Failure to acecuot lar acclimation to stress conditians. 
4, Failure to study genotypes representive 01 those 01 interest to agronllftlists and plant 

breeders. 
5. Failure to distinguish between drought responses ana drc~ght tolerance IEChanisffls. The 

mere fact that a parameter such as lea! size or proline or absCÍssic al:id content is sel'erely 
aHected by drought stress, doos not establish that its drought respoose reflect. ¡; _hanis. 
01 tolerance. 

1, Ellects 01 Drought: 

Nhile the ultimate eflec! af arought is limitatic~ 01 growth ano rield, speciiic physiological 
eHeds 01 water stress vary depending en the previüus history 01 the crap (e.g. possible 
acclimation), and timing and íntensity 01 the stress. rramer (l9!m noted that ínter.cHoos af these 
ladors probably f'.plain a large number 01 conllicting result. Irom studies 01 eHecls af drought. 
Thus whíle this review censiders dilleren! ellects 01 drought, ranging from near instantaneous 
eflects to long term growth ellect;, specífic tanclu;ions are not .tways given, 
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Rapid resplJ05(!5 

Rapid ooset 01 drought catlses interru¡¡tioos both in photosynthesis and In tiS5ue expansioo. 

Effeet.oo photo5ynthesi • .ay be ascribed to two cOtlflonents (O'Too!e et al., 1977b1. One Is 
reduced gas eKchange due to .tomatal elosure. In beans, full elasure .ay be reached in a leH .ioutes 
alter an appHeation 01 a stress (Fig. 2m. lIi th stoaat.l elosure, Cu,. u¡¡tal:e 15 .lniHI and n. 
ace_lates, causing decreased Cu,. fixatlon, but increased photorespiratlon (rONles and OsllOOd, 
Iqm. There i5 sHU considerable argUl,ent as to Nhat aduallt· triggers stoaatal closure. 
Absclssie acid (ABA) levels inerease under drought and can trigger elasure (Aspinall, 1990), but 
elosure in beans was detected well belore ¡ncreases in ABA (Halton et !lc, 19771. Stomatal clasure 
has also been correlated with decreasing leal water potential, f'l (ltaldau, 1973) and inereased 
leal tel!lflerature (Hg. 2Il. Recent wort suqgest. th.t in beans as well as lIIany other craps, rapid 
responses under lield conditions lay rellect sensitivity to decreasing ateospheríe huaidily, .sasured 
as increased 01 vapor pressure deficit (EH,harkaway el al., 19851. Beans appear interlediate In 
stoaatal sensití vity to hUflidity IEHlharkaway, et !lc, 1'1851, suggesting that they lollcw a strategy 
intermediate water conservation tdrought avoidance). 

rhe other cOtlflonenl reducing photosynthesis is 1055 01 efliciency in the physíologíeal prOCESS!!S 
01 pholosynlnesis, refletted as an increase in mesuphyll resistance (r.). under dessicatíon regift!!s 
siailar to lieló condítions such eHects occur only at ION water potentials. ltaldau H97Jl faund no 
inerease in r. resistanc!! al leaf water potentials düWn to -1.1 Nra. 

Altempts to determine which photosynlhetic processes are resposible lor increased r. are 
inconclusÍ<e. O'Tool!! et !lc U977b) lound that the decline in Rullf'Case Has actively greater than 
lhe increase in r.. Dessication 01 chloruplasts and associated disruption 01 the 
chloraphyll-thylal:oid llelbrane cOtlfllex uy also be ¡nvolved. OsIIIond et. al. 1I'1OO1 praposed that, in 
beans, internal eycling of co. through photorespiration plays a major role in proteeting against 
stress assoclated da.age, and that mueh of reported daeage under stress Is due te rapid stresses 
applied in labora.tory eKperill\ents. 
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llrooght stress uyaHect tissue e~pansion both throogh reduced cell expansion and division. 
Using sooiua chloride coocentrations to ge!lerate dilferent water potentials in culture sOlutions, 
BrWHef 11963) concluded that interruptioo 01 cel! expansioo HaS lIIOfe illjlortant than eHects on ceH 
divisioo in liliting leaf growth. Sunce (1971) found a linear relatioo between soybean leal 
eloogatioo rate aad turgor pressure, and further noted that plants 9rOWO in drier condítions required 
less turgor to achieve a gi ven i!ftIOUllt 01 elongatioo. However, II!lre recent work has lead to a 
coosensus that reduced turgor pressure is not the priury cause of cessatioo of tissU!! expansion 
under drooght. 
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Fig. 21 Relation between leal Hater potential and canopy t!!lljlerature differential lI!!ilSured 
betoeen stressed and irrigated plots froffl 4 bean lines. 

Responses within hours 

A; a stress continues to be applied, pldl1t water potentíal declines, reflecting coebined eflects 
on turgor pressure and OSAIOtie patentíal as wat!!f 15 last. E~trEl!e redudioos in turgor pressure 
result io wílting includiog 105$ 01 ability to orient !eaves. Estíllates!ll perllldllent wilting poínt> 
in field growo beans are variable. Sponcniado (19BS) obtained sulfieient stress to ¡aduce 'burning' 
!II leal .argins, but P, wdS never 10Her than -1.111' •• Jara (l'1ll5) obtained values of -1.2I1'a es 
the leaf potential of stre5sed plants at B2 days .Her planting. 

lIoth ABA and proline aceUi1lUlation have been detected in drooght stressed beans 15tew.rt, 19721. 
AfIA dllpedT5 involved in 5t_tal fundían under droog/1t, but since it accUi1lUlates in other tiHll6, 
additional fundions llay be invol ved. Aceuaulatloo !II proline, and nitrate dl1d iIIIIOIliUill ions lay 
contribute lo 05fflOtic adjustl!!nt and rel/ect innibition of proteio synthesis IStewart and Hansoo, 
1'100; Frota and Tud!!f, 197B). 

Response aver long!!f perlads 

The prev10usly discussed ellects ultiaately result io .ajar (hanges io oV!!fall plant growth. 
Reduced growth 1s usua/ly detectable soon after ooset of stress, Hith reductioo in leal area being 
particularly Iaf~ed. For a stress dllPlied befare flowering aod 5ustained to Maturity, Sponeniado 
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(1985t found that final biomas5 and LAD Here redueed to SOl 01 levels in control plet., although 
yield reductions were appro~ieately 40X and 807. lor drougnt tolerant and susceptible lines, 
respectivelv (Table 24). 

stodies in other craps nave shfJH!l that stress during early reprodudive growth usuaIly has 
particularly severe effects (Slatyer, 1%9), and the S_lile holds in beans. 5toker mm, using 
Iysimeters to provide !!Qual stresses at diflerent slages, obtained 201 yield reductions with stress 
during early or late vegetative growth, sor. reduction in eMly podfill, and no reduction in ¡'!,!! 

podlill. In so\·beans, eHeds on yield componentes l/ere easUy interpreted in teres of tiling of 
drought stress (Sh_w aod Laing, 196b). lo beans, the sale would appear to be true although the 
relations have not been tested as carefully. For a stress sustained to IIiIturith all yield 
components showed reductions, while a stress terminated by rains during podlilling caused seed weight 
to increase relative to the irrigated control (Fig. 221. 

Drought stress in beans is usually associated with accelerated laturity !Fig. 231, although late 
season release frOl stress lIiIy trigger recuperative growth resulting in delayed iIIaturity. 

Comparhon 01 drought response of other legwlli!5 

Drought al re.pons!! 01 ather legullles vary greaUy. Within toe genus Phaseolus, P. acutifolius 
is olten cited as being lare drougtht tolerant than 
r. vulgari. (Cory and Webster, 1984), but its smal! seed size has li~ited its comwrcial 
acceptabi lity. 

lable 24. Comparison 01 growth parameters 01 tIlO drought talerant aon 
drought susceptible materials grow drought ID) and irrigated 
(el plots at F'allira, Colombia !5ponchiado, 19851. 

__ Tolerant -- ____ SUsceptible __ 
Variable Treatment BAT 85 BAT 477 BAr 1224 A 70 

Yield (kg ha-tI D J 4/,!) a' 1460 a 5SO b 551) b 
e 252Q il 2540 ab 2340 a 277t) b 

SiGlaS. (I:g ha-t ) D 'lbOO 2500 2200 1900 ab 
e 5200 5300 5700 5400 iI 

LAD D 92 a 83 b 74 ab 80a 
e 171) b 161 b 170 b 186 a 

H! m j) 55 a 58 a 25 b 2'1 b 
e 48a 48 a 41 ! 51 a 

I \lalues lollowed by the same letter withín a row are not diflerent at 
p = .05 leve! of Dancan's test. 

s_ traditional cowpea culti ,'irs responde to drought through eKtrem!! stOilatal c10sure and 
restriction of water loss (Shackel and Hall, 1979). In a comparison 01 mungbean, sOrbean, cowpea and 
peanuts (Pandy, et al., 19841, the first three species showed pattero. of response si_ilar to beani, 
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including reaching einilUl Fp of -1.2 to -1.4 "'a, hut peanuts were auch less aflected, reaching only 
-{I.4 !Fa. 
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Hg. 22 Ellect ol drought from preflowerinQ to end 01 pod lill al Paleira and Quilichao, 
Colombia on yield components of susceptible line A 70. Sourte: Sponchiado, 19B5. 

2. Ilronght Tolerante !1echanis~sl 

A great Many dronght tolerance _hani~s have been proposed, and deeonstrated to functim in 
very specHie eooti!1<ts. Ilowev!'!" , tne warning ¡rOl tne previous sectioo that drought effects vary 
greatly depending 00 specific drought eanditians is equally valid far coosideraban of tol!'!"anee 
mechan! sms. 

He define 'dronght toleranee' in en agronomic sense. For a group uf materials which give similar 
yields under noo-stress eonditions, a materia! is tolerant if ít ríelds well cOfipared to the others 
under condUioos involving wat!'!" delicils. Atloog mechanisms whicn may canfer toleranee are those 
which ecülogists usudly classify as drought escape and dronght ¡voidanc!!. An OIltline of possible 
IeChanisms i5 provided in Table 25. It follows tlassil¡catíons used by lurner 119a41 and others, 
with the notable addition that far cooditioos where beans are grown, tolerante lo factar. related to 
drought such as high temperatures ar saline soils may be essenlial. Tbe discussion that folios 
~asize the physiology of the basic ffleChanisls. 

Ilrought escape 

Bean crops may 'escape' or at least reduce drought stress either by eaturíng earlr or delaying 
iMturity until dronght stresses have abated, tM. laHer strategy tereed recuperatioo. The 
use/ulness 01 the two strategies varíes with timing and intensity uf the stress. Severe stresses 
occuring later in the growth (yele favor earliness, while .ild stresses relatively early lIiII favor 
later eaturing lines with cap.bility lar recuperative growth. 



N 

.:. 
'" C> 

2500 

2000 

:!!. 1500 

" ;¡ 
;,: 

1000 

• 

• 

• 

- 49 -

• 
• • • 

• •• • • 
• 

5ooL-____ -r ____________ -. ____________ ~------------~-

6 9 12 15 

Reduction in time to maturíty (days) 

Fig. :n Acceleratioo 01 maturatioo und", drauybt stress as índil::ated by reductioo io dafs lo 
maturi ty ¡¡f stress YJ!. írrígated plot, lar 72 Iínes. ClAT-Pabira, 19B4. 

Table 25. Clas.ilicatioo 01 po>sible drought tolerante methanis.s in 
beaos. 

l. Ilrought eicape 
A. Earliness 
B. Ile!:uper atian 

11. Drought tolerante Hith high plant water potential 
A. Maint2f1aoce 01 water uptake 

1. Greater root growth 
2. lncreased hydraulic conductance 

B. Redudían 01 water 10>5 
l. Reduced are. 01 evaporatíon 
2. Greater resistance along pathllay ¡¡f water 1055 
3. Rrouced gradient ¡rO«! leal to ahosphere 

lll. Drought tolerance Hith IOH water potential 
A. Mai ntenance of turgor 

l. OsfiOtic adiustlent 
2. Increased cell elaslicity 

B. ~s5ication toleranee 
l. "e.br.,,,, stahi ¡¡ t Y 
2. Protein functioo 

IV. Integrated IeChaois., assimilate partitiooing and remobilizatioo 
V. Drauyht tolerante lhrougb adaptation to factors related to drought 

A. !leat tolerance 
B. low soil fertility 
C. Salt tolerance 
D. Soil diseases and pests 
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Drought tolerante wilh high plant Hater patentla! 

VariOO5 toleranee III!Chani5ltS thooght lo fundlon in bean craps re.ult in eaintenante of 
relatively high plant water potentials. Tbese ¡oelude toase which perita greater water uptak~. and 
thase which reduce water los •• 

!!alntenante of Hater Ujltal:e: 

As in lany ather craps, drooght toleranCl, in bean; has been '5sociated Hith greater root growth. 
C~1paring tolerant and ~5ceptib!e materials lo a fertile soi! per,.itting deep root penetration, 

Spoochiado (l'18S) shOHed th.t roots tolerant Mterlal. penetrated abool 50 (11 deeper than susceptible 
ones Iflg. 241. Differences in root grOHth and yield were also associated Hith greater eKploitation 
of ava!!able soil moi.ture by the tolerant Ilnes. However, this mechanis. Has nol effective in a 
shallower soí! where a pH of 5 at depths belOH 30 Clt prevented extensi ve root grOHlh lfíg. 251. and 
In lhls environeent, yield diflerences reflecting supposed tolerance were not found !Table 261. 

Iocreased efficíency of roots in e~tracting soil eoísture IUst .Iso result In greater water 
uptab. Ooe altern_Uve is lar a crap lo be able to tolerale lower rool water potentials and lhus 
extrad sail water held at lower potentials. JIOHever. since this Is basically a l!i!ChaoisltS of 
toJerating dessication, it is discussed later. Another alteroatlve is lar roots to have greater 
hydraulic conductance, eitner •• i.lly (lar traospart along tne i<ylem) or radially Ifor Ujltah Irm 
soil to the Kyl!!!l!. Taylar H'i'SOI concluded that axial resislance in soybean roots may be imparhot 
al root deplhs over ! ti. but Passioora (l'll!3! suggesled lhal because 01 capadty far secondary growth 
01 xylea, axial reslstance woold not be li.iting ín dícotyledaneoos planls. 

Reduction of water IOS5: 

Desides increasing water Ujlta~e, a crap may have adaptations whlch reduce I/ater loss. 
Unlortunalely, reduced flOH 01 water vapar usually Implies reduced diffusion 01 Co, iota toe leaf, 
and thus li.itatíons io photosynthesis. 

As mentioned previoosly. droughl causes larked redudions in LAl, but there is no evidence that 
tolerant be_o lines have greater reduLtlon lh.n suscepllble ~alerials. Tolerant .. leri.ls show 
si_ilar lAD as susceptibles (see Table 24'. 

Reduced leal area.ay be mepensated lar througn a greater ItesOflhyll suriace area per unit leal 
area (/Iobel, 191101, this occurring with intreased le.f thiclness and/ar reduced cell size. which in 
turo aHed. StA. Olan!J€s in leal thidoess Has considered lo an e~periment Hith tHO beao Unes 
di¡fering on lneir response to water stress (Fig. 26). Líoe A 21/ l/as able ta .. íotaín hígher LAI 
withoot increasing leaf thltkoe,. as !!lUch as the líne Xr/HO diJ. Drooght yield of 25 genotypes have 
been correlaled with the leal thidness index (r = • ¡Out, bul the carrelation under irrigation HaS 

even larger Ir = .9IU, Fig. 27). TMs Inde. mal' be relaled ta photosynthetic efHciency lo teru al 
carb(ll(ylating area. and in absence of water slr~ss, may be used lar assessing genotyplc 
photoassi.ilalion ability. 

Mechanlsu iovolving increased resistance primlrily involve barríers tu water los! at the 
leal-atmospnere interface. The greatest amount 01 water loss is usually vla slOlata, so considerable 
attention has been given to studyiog diflerences in slomital reslstance a.ang bean lines. Simple 
relatlons iiItOOQ .tOlatal resistance and level 01 toleranee are no! expected because uf the rela!ion 
IIttWt!!!fl transpiration and ro7 Ujlta~e. Rather, stOililtal response to enviranllental conditíons h 
probably crltlcal In d&tarmioing water use efficieney. Ideally a plant should regulate transpiration 
so that it lICcurs when eolsture gradlents are IOH Ilow vapar pressure deHcít in atlOspherel but 
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radíatíon levels are aboye the cQlPensation paint. The liio IeChanisl .oíeh would provide this 
response in C~ plants is stoaatal sensitivity to hwoidity. 
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AIIiount of cuticullf wa~ was related ta rate al water 1055 in sarghue {Ebercan, et fu, 19m, and 
large varietal differences in cuticular resistance al rice leaves were laund (Yoshida and de las 
Reyes, 1976). Woodfin (personal c_unicatian) reparted considerable variatioo in cuticular wa:' 
lar.ation amang bean cultivars. 

Baundary layer resistance will increase with greater leal pubescence, (Ehleringer, 1980) although 
this mechanisms has nat been studied in beans. 

Assuming resistance along pathways al water 1055 are equall, cul ti vars may di ffer in water use 
through ellects on the water vapar pressure gradient Ira. leal tissue to the atmosphere. The 
edernal pressure will be equall, but internal vapar pressure wi/I vary with leal ter.perature. Thus 
lactar allecting leal temperature will reduce water 1055. Leal arientatioo can reduce radiation 
interceptioo, but at the cast al SOOl!! light energy intercepted lar phatosynthesis. Leal pubescence 
and cuticular wa~es s_ti.es appelf ta rellect inlrared light with relatively little ellect 01 PAR. 
Variation in leal calar bath amang varieties and between darsal and ventral sides of the safie leal 

area considerable in beans, but do nat have not been exaffiined in relation to leal temperature 
effects. 

Reduced leal size will can also reduce temperature sinee lar a given total leal area convedive 
cocling is greater lar a surface divided into smaller seetioos (Gates, 1968). This ellect has lead 
breeders in other eraps to breed lar s.aller leal sizes. Hiebseh et fu (1976) did not detect 
impravem..."f1ts with iso-lines 01 soybeans differing in leal size. Leallet size was signifieantly· 
reduced by an intense post-IIOHering water stress, but the relationship between drought leallet area 
and stress degree-day measured by inlrared thermooetry· was not consi stent among 25 bean genotypes 
(Izquierdo, !985, unpublished). 

Drought toleranee with IOH plant water potential 

Although the preceding mechanisms will reduce water 1055, mast stress cooditions are suHiciently 
severe that water potentials drap to levels which aHect plant lundion. This leads to the 
possibility al adaptations permitting the plant to lunction at low water potentials. 

Naintenance al turgor 

Since water enters rocts through IIOH along a gradient, IOHer roct water potentials (Fr) will 
result in greater exploitation 01 soil volume. Thus a crap which has a greater reduction in F~ ar Pr 
lar a given amaunt 01 water 1055, should ShOH mare drought talerance. However, with 1055 al turgar, 
evideneed by wi/ting, the plant loses the ability to continue tissue e~pansian or to utilize 
mechanislS such as leal arientation which utilize dillerencEs in turgar pressure. This indieates 
the need lar mechanislS whieh per.it IOH Pp ar Pr without 1055 of turgor. 

When water delieit is severe, plant cells aceuffiUlate salutes, whieh lowers their internal 
osmotic potential, in arder to at least partially maintain turgor pressure, and thus permit cootinued 
cell expansion and growth. Osmotic potential may be regulated through shifts in concentratians al 
potassiu., sugars, aaino acids, and arganic acids ITurner and Janes, 1980; Margan, 1984). Narl:hart 
(1985) coepared oseotic adjustment 01 Fhaseolus vulgaris and Fhaseolus acutilolius grown in 
containers, and did not detect dilferences. Jara (19B5) lound signilicant dilferences 01 about 0.0S 
Nra at tiee of Ilowering among two bean cultivars under field conditions, but not at other grOHth 
stages. 

Assuming OEchanis.s 01 osmatie adjustment are the safie in dillerent grOHth stages, growth 01 

seedling rocts in media with low potentials .ight provide a simple index 01 capacity lar turgar 
.aintenance through as.otie adjustment. In a eomparisan 01 25 cultivars, percent inhibition 01 
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radical e10n~ation .-¡as hiShly correlated (r ::: 0.72) wlt!1 CI"OU;:it sU5ceptiJiüty ~eas;lred wit!i 
Fí sher inde~ (rig. 281. 

The mechanital tharatteristit5 01 tissues also .lIect turgO/" mai"tenante. Reduced tissue 
elastitity, ¡odie_ted by a high a bulr tissue elastic modulus (511, Hill result in a 5ma!1 decrease 
io water content per unit redudion io water pateotial. rhe praloplasm will retain more .. aler under 
stress, but at the cast al 1055 01 turgO/". Ki~ and le;?-Stadelmann !!9B4i eruld oot deted 
diflerences in Ee 01 bedns in stress a"d control conditiaos, and lIhile Jara (19851 did finó 5uch 
differeoces lar loor water regiilles under Held conditioos, varielal differences were oot signilicant. 

Table 26. Yield, rool grOHth and other paHlfteters 01 two drooght tolerant 
Iloes (BAr 85 anó 4771 anó tilO susceptibles (BAr 1224 and A 70) 
lar plantings at CIAT-Palmira aoó CIAf-Quilichao. D ~ Drought 
treat~t; e = Irrigated tootrol. 

rreat- BAr BAr &AT A 
Variable _t 85 4" 11 1224 70 

p.lmira 

Yield Ug ha-t¡ D mea" 1457. 548 b 570 b 
e 25l73: 2538ah 23Ha 2768 b 

~O7. rcot depth (ca) O 1M l(~) /,1) 60 
e 50 50 50 sr) 

Roat dry weight (ag) D 541 599 53; 494 
e 660 715 725 59B 

[anopy temperature D 34.0 14.J 1b.8 37.5 
(OC) , e 'M , 29.6 2':;.6 29.9 ... 7'.:.. 

leal water patenlial O BW 840 lE') !ll).) 

(I:F'dl' [ 450 460 4¡j1) 470 

Quilichao 

Yield (~g ha-') D SB9a 724. 72331 192 b 
C 28?ba 2?52ab 2663 b 2124 

90% rcot depth (cm) O 31) 40 }O ;0 
C 31) 'lf) 20 20 

Root dry weight (ag) D 924 !l'1'! 792 669 
[ 476 oH b98 4°,) 

Canopy temperature D 38.4 39.9 3B.8 41.4 
(OC" e 28.6 28.1) 2B.5 28.5 
leal water patential D B40 !l6ú 950 to30 
(kPa) , e 400 450 450 500 

• Yields lollowed by toe same letter do fiot di/fer accarding to Duncan's 
p = .05. 

• l1easured duriog periods 01 maxilllllm stress. 
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linEar regression o{ leal thickness index on yield 01 25 bean genotypes (ClAT-BIDYT, 
1985) under irrigated and post-flowering water stress. The index aeasured during pod 
filling. 5ource: Huepe, 19Bb. 

Dessication tolerance: 

At very low plant water potential physiological processes Mi' be disrupted' This subiect is 
poorly understood, but it appears that effects 01 dessication May be divided aJIIOf1g those on celI 
IeMbrane function and those on protein lunction. Under dessication cell aeMbranes appear to lose 
integrity, and the efficiency of processes requiring membranes are reduced (Leopold, et !l., 1981). 
5ililarIy, aIthough it is easy' to hypothesize effects 01 dessication on enzymatic proteins, such 
effects, euch less varietal diflerences, are apparently unresearched in beans. 

lntegrated eechani .. : assililate partitioning and reffiObilization. 

The previous lechanis.s have been discussed as results 01 independent physiological processes, 
but it should be realized that they interact and lay share COllfl1OO basis. For exaaple reeobilizaticn 
of N and stored carbohydrates (starch) My be enhanced under drought stress, and this would perlit 
greater root growth ar capacity lar osmotic adiustment. 

Studies 01 carbohydrate re.obilization under drought conditions (Samper, 1984) suggest that 
tolerant cultivars are Iore efficient at remobilizing carbohydrate during podfilling. lnduced Of' 

accelerated re.obilization of stored dry matter due to water stress has been oOserved in bar ley by 
Sallaher et !l., 1975. ReffiObilization could be triggered by the stress and them support the seed 
filling instead of the impaired photosynthetic le.1 area. Figure 29 shows a yield reducticn due to 
a post fIowering water stress affecting 16 bean genotypes. A tendency 01 genotypes that accueulated 
stee dry .. tter either under stress 01 check conditions to produce significantIy reduced yields lIas 
oOserved. !In the other hand, genotyjles which remobilized stel reserves produced superior yeild, but 
there are exceptions, and the response is not clear under the post Ilowering stress. 
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linear regression 01 the radie!e grOHth inhibition eaused by PEG (-8 barl on the Fisher 
drought ,usceptibi!ity iode. 01 25 be_n genotypes, Chillan. boureel Izquierdo and 
Huepe, 1'1!lb, W1published. 

3. Ilrought Toleranre Through Adaptation to Conditions AS50ciated with Ilrought: 

Itost discusslons of drough! tolerance do not consider the illlflortance 01 charaderistics which, 
while perhaps not diredly related to drought, are potentially essential cOIIIponent, of drought 
tolerant bean varieties. Ilrought in bean grOHing areas ls often associated Kith higher telperature 
condUions, and because 01 Iimitatíons on transpiration, plants under stress lIay e~períenee unusually 
high leal teeperatures (Figure 10). Thus high teeperature toleranee I!IechaniS!15 lay be needed in 
drought areas. 

llany regions in tropical areas combine ponr 50il lertility Hith drought, and Iimltations on 
JIIOvement 01 water Kili .150 reduce nutrlent availability. Genotypes which are especially effident 
under poor fertílíty may be advantageous. It has often been speculated that eateríal; tolerant to 
poar 5011 lertllíty should have greater root grOHth, and thus ooe Might expect .aterials tolerant to 
ínlertile soi!s to perlor. well under drought conditioos in si,ilar sites. However, in a cOIlIfIarison 
01 2 drought tolerant línes and B materials selected lar tolerante to 3Cid soil5, the drought 
tolerant lIIaterlals were soperior Hable 211. 

Nitrogen fixation ls reduced under drought stress (laing et al., 191m. In soybeill15,Ibatian 
appeared to be JIIOf! sensitive to drought stress tnan Nas photos~llthesís (lI!;isz et al., 1'1!I5), 
suggesting tnat same drought yield reductions may reflect nitrogen eflects. 

Ilrought envirooments where Ii.ited írrlgations are pradiced lIay caose proolees of soi! salinitr. 
Although salinity causes Khat is physiologically a drought situation (Se!! secUon on salt 

tolerante), addltíonal proole/lls are eaused by toxíc or deficiency effects 01 certain ionc;. Thus 
drought toleranee under salíne conditions may require other adaptatlons. 
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Fioally, certain diseas!!s and pests are particularly proble~tic io drought situatíons. Perhaps 
the IIIOst notable ís l'IacfQllhlllina solaní ¡¡/licó ooly becolIIE!5 probl!!llatie under drought (ondUions 
(5ehll.rlz, et fu, 19!BI. 5creening tor drought toleraru::e ana Macropha<tina tolerante at CIAT ha,e 
produced fl!iftarkably sillilar results IAbawi and Pastor-Corrales, personal eOiMlUnicatiool, ana í t i 5 

speculated that this reHects COlllllOO tolerante IleChanislIS lar the two probleas. 
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Table 27. COiparison 01 yields under drought stress in acid soils lar 9 
Unes tolerant to .cid soils, and 2 Unes tolerant to drought. 
Santander de Quilichao, Colombia. 

Une Yield 

Tolerant to acid soils: 
A 251 
A 254 
Cariaca 
Vl167 
NA660 
Il 4fl30 
BAl 12'11 
AWl 

llrought tolerant: 
BAT 477 
G 5059 

Mean 
S.E. 

!lb2 
B43 
825 
815 
815 
llt2 
BIO 
711 

1O'Ib 
870 

84/, 
71 
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4. Coru:lusiom 

Toe reader lay coru:lude ¡rOl tois revieH toat drought tolerante i5 too Eomplicated to eerit 
study. He would argue tnat while the cOMplexity 01 ellects 01 drought has elímioated simple 
solutioo5, the prospeds lar improving yield under drought are goOO. ImpfOV-ements in beJn crap 
produetivity can be made ooly through twa basic approaches: 1) by modilying plant genotypes to lit 
toeir enviroo.ent better ; ind 2) by changyng toe environment to ameliarate the ellect; 01 
enviroomeotal stresses. To overcoMe the coostraiots in boto approaehes, agronomists, breeder, 
physiologysts ind genetic engineers raquire a dear understa.ndlng 01 the physiological basi s 
underlying rielé and stress toleranee. 

Studies 00 invidual leChani5ms May be integrated by simulatioo modal. which can predict e!lects 
01 changes in eU.ate and soil tl'pe. For e~ample, Joo!!S i!nd Zur 09941 used dynamic sirulations 01 

soybean growth tu test toe relative importance DI toree mechanisms, oSMatie adjustment, inere.sed 
root growth, and increased stoa.tal resistance at lull turgor, under clay dnd sandy soil, eonc!uded 
tnat greater root growth Has the most ellective mechanism, while incre.sed stomatal resistance alHays 
resulted in redueed phntosynthesis. 

B. E,cess Soil Water 

Hei'vy rains often lead to soi! floOOing (water in e,eess 01 lield eapacíty), espedal!y in poorly 
draine;! ;OH5. Beans are Sl!f1,iti ve to s"eh cooditiOlls, and yield reducboos are freqllenUy greater 
tnan Olle might e'pect. Ihis can be attributed to toe nearly illlmediate adverse effects oll plant 
growth. Wadean-van Schravendijl: and van Ande! (985) faund tnat leal and root gfOwth halted Hithin 
2 dal'S 01 floOOing, this being associated wlth a sl!vere drap in transpiratioo, but a rise in leal ABA 
eoneentratioo. 

The cause of dafllage froo inundatioo is dírectly related to reduced gas dilfusioo in Ilooded 
soils, resulting in depletían 01 available o. and acculllUlatioo 01 m. and ethylene in the root zooe. 
Accompanying this is in inhibltiOll 01 respiraboo, partial 1055 al ro-Jt lunctioo, and p05sibly, 

acculllUlatioo of to~ins due to blocl:;¡g~ 01 respiratioo ar activaboo 01 alternate, anaerobic 
prores!!!s. Hígher soil t!!lllperatures, frequently faund in trapical regíoo., can exacerbate problems 
01 gas di ffusíoo dile to redueed solubili ty 01 gases and greater respiratory adi vity (rorsythe et 
!Le, 19791. Problems Hith root rot. are olten .ssociated with floOOing. 

True toleranee meehanis .. have not been idenlilied in beans, but as in atoer craps, recovery ¡ro. 
inundalíoos is related to abilíty to produce neH ad,entitious roat. lKahn et !Le, 1985). In trials 
at CIAr, floOOing by •• intenance of the water table to withín 7 cm 01 the top 01 b~js resulted in an 
average of appro~ieately 507. yield reductioo, but considerable varietal diflerene!!. were lound 
(Figure m. 

C. Saline Soll5 

Beans are considered salt sensitive, although Phaseolus c~eineus has been elassilied as 
intermediate between MOderately tolerant aod .oderately sensitive legume speéies (Laurhl!, 1994). 
Problss in this crap associated with salinity are generally greatest in arid regiens under 
irrigation, but localized areas 01 saline soils are ¡aunó in many $Esic environments. 

¡.mediate e/lect. 01 e~cess salinity include reduced pl!Ot grOHth, especially lea! are., and 
burning of lea! margins. These may rellect toree underl ying processes: 

l. Fñysiological draught due to IOH o5f.Otic potenials (high salute coo(Efltrations). 
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2. Nutríent imbalances due to relatívely high concentratíons 01 specífic elements, especially 
sodiu., inhíbiting upta~e of others. 

3. TOJ(ÍC eHeds of specifíc ion., particularl y chlaríde and sodiu.. 

Eyidenee lar an oslOtic effect COleS ¡rOl demonstr.tions that high relative hu_idity reduces 
stress eHect., and that leal rehtíve water cootent is redw:ed lliark!!,j1~' u"der stress (Ayoob and 
Ishag, 19741. Ayoob and Ishag (19741 .150 detected redudions 01 c.leiue and potassíUlli cations under 
cooditíoos 01 high sodiUlli, bulooted that the redudions did oot reaeh levels thought to produce 
deficiency sYlliptOlliS. Hign levels of chloríde io beao leaves Here .ssociated Hith reduced 
photosynthesis, stomatal conductance, and RuBP carboJ(ylase effíciency (Seeean and Critchley, 1985). 
Tnese 3"d si.ílar findiogs suggest that eflects of salinity are prohablr IliUltíple,and it wculd be a 
.íshl:e to Ei!iphasíze a single mechan!.I. 
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Víelds of 11 bean cultivars growo under flcoded control fieló conditions. CIAT-Palmira, 
1976. 

At .ooerate levels 01 salt tolerance beans do show have been ascribed to their abílity to 
accUIIiUlate sodiua ions in root parenchyma vacuol!s. Some soyueaos appear to ca.J!¡ine tnis s:hanisa 
Hith an abllíty to e~clude e~cess chlaride frcm shoots, and tnis 5íght be a pra.isíog aVEOUe lar 
increasing salt tolerante io Fhaseolus vulgar! s (lauehl!, 1984). Seneral recoamendations for 
screening far salt tolerance in all traps ¡;ere gi ven by Sreenway aoó Itmns ¡¡'lllOI. Sttíllie and Nott 
(19921 have described a chlarophyll flaurescenee as a rapid test lar salt toleranee, they using bean 
as a susceptible check. 

Studies 01 genetit variatíon far salt tolerance among Fhasealus vulgaris cultivars are rareo 
Howler (persooal cOMUOicatíool dett!Cted varietal differenc!s under field conditíons, but "oted that 
variability in salinity under lield eonditions ma~:es larga seale screening diHicult. l.'ebouck 
(personal eOllilliUnicatíonl collected land faces of beans frol apparently salíne $OH. in I1edco. 
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Several investigators have reported the selectioo 01 salt-tolerant cell llnes in sweet pepper, 
sugar cane, collee, rice and taro. However, regeneratíoo of plants froe sa!t tolerant cell5 have 
been Ií!lited in these craps, and bas apparently never been attellpted witb heans. 

O. General¡~ed Stress Toleranee: 'Rusticíty' 

It is frequently COIiIIeOted that tilile traditiooal bean cultivars lay lael specific di seas!! or 
other stress resistances, they often outperform supposedly 'iiipraved" tI_teríaIs under lar. 
conditions. 

Alfara (1991) coneluded froe 124 bean cultivar trials at 80 lacationsand 20 countries that the 
yields 01 'Jamapa' and 'Porrillo Sintetim', used as standard checks al ~1lllWn adaptability, tlere not 
frequently surpassed by di verse !laterials. However, the low values o! the stability index (b) far cv. 
Porrillo Sintetito in the analyses of Voysest and Garcia (1984), suggest that this cultivar perlorlS 
relatively beHer in pOOf .ite. as cOIlpared to .ieilarly yielding tv •• Jallapa and ICA Pijao nable 
281. Low b v.lues <1f"!' indicativa 01 relatívaly goOO rield in pOOf envirooments ana l.eI: 01 respons!' 
io rich sites. ev. Porrillo Sintetico stands oot coosistaotly lar lower b Y"alties lar sillilar 
lean yields in a given IBYAN. Sinc!' stressas varied greatly among sita. in the [BYAN's, the bett~ 
perlarlllanee DI ev. F'arríllD Sintetico in pOOf sites presueably reflected S!lJ1!E generalized stress 
tolerante or 'rusticity' rather than resistante to a lew specílit"stresses and/or disea.Es. 

Othl1r e~ai!ijlles of rusticity e00ie5 lr01i studies 01 cultivar respOO5e lo artificial deloliatiOl1. 
lo a eOllparisoo 01 17 cultivars receiving a 60r. de/olíatian at 30 days ¡rcm planting ev. Carioca 
adually iocreased yield under the deloliatioo stress while Iíne EIf' B4 showed a earled yield 
reductioo tFig. 32). This would suggest thal cv. Carlaca would Maifilaln Its yleld under a wide 
range of stresses alfecling leaf growth, a conclusion consistent wilh ev. earioca's papularity in 
Brazil. 

Table 28. COIlparison of regression response lb) and lII.!an yields ;eross 
sites 01 three cultlvars used as chec~s in lnternallanal Dean 
Yield ana Adaptatlon Nurseries frO!! 1976 lo 1981. Data frOil! 
Voysest and Garcia (1984). 

No. o! Porrillo Sintetlco _Jalapa_ )CA Pijao_ 
Year trials b Yleld b Yield b Yield 

I:g ha-' ~g ha-' Ig h-' 

1976 54 0.77 1539 1.02 1572 O~7? 1566 
1977 31 0.00 1623 1.09 1627 
I97B JJ 0.B4 I4Sb 1.06 1498 1.17 152'1 
1979 32 0.00 15<l1 1.06 1579 l. Ql, 1554 
1980 4!1 0.95 1584 l.oó 1656 1.06 lé37 
19111 26 O.!l'I 1565 1.01 1m 

Hean 37 0.86 1550 1.05 IblO 1.02 1570 
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Calculating a generalized stress yield as the geometric aean of yields under 13Y. def~liation and 
urnler post HOHerinQ drooght, data ¡rOll Hernandez 1l'184t shOlf a 10If carrelation between stress and 
control yields (rig. :331. The contrast between A 231 and !ríen INIA ts particularly stril:ing HitO 
both llnes yielding ab~t the Sale in control plots, but differing by 800 tg ha-' under stress. The 
cOMparison 01 (Vi. Parrilla Sintetica and Jaaapa i5 alsa instruetive, with Jaaapa ~tyielding 
Parrilla Sintetico by SOO kg ha-' in the control, but beíng slightly inferior urnler stress. 
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Fig. 32 Relalive yield perlor.ance 01 t1 bean Ilnes under bOl defollation at JO dars alter 
planting. CIAT-PatM!ra, 1983. 

Possible character!stics Hhich light (onler rusticity inelude: 

1. Ability to produce recuperative grOlfth, presueably re5ulting IrOl relObilizatioo of 
carbohydrate or oi troyen reserves and an indetereinate grOlfth habí t. 

2. Good cOMpetitive ability. 
J. High tissue concentrations 01 eOMpounds such as phenolics Idth inhibitory effects on a broad 

range of pathogens or pests organisM. 
4. Greater partitioning to roat grOHth. 
5. lluffer ability far adequate pod retentian and s!ud filliog. 

Earliness also .ight be eansidered a Mechani .. sinee it peraits escape of eany stre5ses. Dala 
frOl the 1976 ISYAN supported this. For sites Nithin ~ of tne Equator Ithus eli.inaling tria!s 
Hith severe photoperiod effeds), early eaturin9 cultivars had significantly 10Her regression 
response on site mean yield !b parameter), indicating that they yielded relalively better as cQlPared 
to late cultivars al the poorer sites IFig. 34). That toe regressíon response Has not significantly 
carre!aled Nith rieló Ir • Q.22) deeonstrated toat IOH values of b in early cultivars did not sieply 
reflect poor yields 3eras; 5ites !Nhite, 1994). 
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Comparison al stress and irrigated control yield on lb bean lines. Stress yield is 
geolll!!tric llI!an al delolíatioo and drought treatmeots. Based 011 data ¡fOIl Hemandel. 
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Ittile there ís evídeoce suggestiYe of differeoces in 'rusticity' of bean cultivar., ít í5 
dHficult ta decide Hltether such a characteristic is best sought by selecting undl!f a lIOdl!fate level 
of various stresses, or ídentifying specific characteristics related to rusticity. Elleets 01 local 
adaptaban (ould coolOUlld results unless SUCfl wark is fesuicted to specHic ;Hes. 
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V. C(J'UUSIOO 

Ú"ap physíol!l!lY ls aften critidzed lar th~ lad af tangible b~ít. it has provided lo !arllen, 
Ihis criticis. certaínly ext~íng to researen on the COOlOn bean. Nhíle In 5OIM! cases (fiticís. Has 

invited by over enthusiastic pralis!!. about the utillty of eertalo li"es of wort, He would argue th!t 
the cOOIpledty 01 interadions of physiol!l!lical processl!. precludes rapid solutioos. lt is se!dOM 
possib!e lo fl!acO lir. conclusioos about a given set of physlal!l!lical processes, becaus!! eaeh process 
interaet. Hito other.. lbe I!l'lIlution af oor blOllledge of physiological procl!s.es i5 perhaps best 
lH:ened to the .anufaeture af a cOOIplex tacoin!!. Althoogh great .trides lIay have beeo .ade in 
construeting oor physiol!l!lY aachine, and ít lay even hav~ sub-unít. Hhích Sl!eI to functioo Hell, only 
as Ihe .achim~ fiears eOOlpletioo Hill it approach its int~ed level of prooudivity. Even then, if 
5OIM! part. _e poorly tanufactured, it llar not eeet expectations until the Ilaws are identifled and 
correded. NI! _Id argue that patienee and care are needed to .ssure that the physiol!l!lY .achine is 
Hel! bu!lt. As in any eonstruction project, priorities can and should be seto Nitrogen 
relObilization in relation to leal senescence and seed grOHth is among the area Hhere our 
understanding 15 lIIIlst deficient. In cO<!Iparíson to photos)'nthesis, respiration is .llllOSt unlouched, 
yet the feH studies in other eraps indieate greal polential lar increasing yields. And in a!l 
researeh, greater pains should be talen to assure lh.t eonditions used are relevant to Hhat layoceur 
in bean fields, nol labaratory benches or grel!f1houses. . 
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