
The Bean Program concentrates lts resources pnmanly 
on genettc unprovement Speclfic studtes are needed to 
support thts pnnctpal actiVIty Studtes reported tlus year 
mclude one companng gram producuon effictenctes of 
Phaseolus vu/garlS and etght other legumes prebmmary 
results m defirung yteld models of the four growth habtts of 
P vulgarlS calculallon ofphenology models of P vu/garlS 
and bean perfonnance under stress and non-stress con 
d1t1ons 1 

Comparisons of Gram Legume Specaes 

Gram legumes are morpholog¡cally stmtlar m that the 
baste bmldmg block of the plant 18 a nodal umt wtth leaf 
and pod attached A comparatlve expenment was 
conducted at ClA T Pabmra to evaluate the y¡eld efficten 
ctes of P vulgarlS and etght other legume spectes A surular 
expenment wlth five legumes was reported two years ago 
(CIAT An'l Rept 1978) 

The best adapted genotypes for most of the spectes were 
selected from prevtous yteld tnals The tnals mcluded 
matenals avatlable from mtemat10nal and nat10nal 
programs The chmatlc condttlons at CIA T Palmtra are 
constdered suffictently moderate (mean temperature 
23 8 C) that no spectes was at a d188dvantage Phaseo/us 
coccmeus was not mcluded as 11 18 relauvely unadapted at 
local temperatures 

Mean spectes gram yteld ranged from 2 2 to 4 5 tj ha 
(Table 1) Leaf area duratlon (LAD) days to matunty and 
total btomass were alllughly and posttlvely correlated wtth 
yteld 

Common beans were mtennedtate tn y¡eld and unbke 
sorne other spectes (e g V1gna spp) were lughly syn 
chromzed wtth pod matunty Harvest mdex and 

R P J 19 7 1 A comp t proaram r Ottin& n-lillea grnsJon mod b 1 
di by bst squara.. A ral L mm w lth ~ f d 1 d tal 
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Stud1es of Y1eld-Lmutmg Factors 
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yteld/ LAD were comparable wtth soybeans and htgher 
than those of other spectes The dtfference m crop growth 
rate (CGR) between soybeans and common beans was 
conststent wtth the dtfference m maxtmum leaf area mdex 
(LAI) A deta!led companson of growth parameter trends 
wtth ume for one cultivar each of common beans (Pomllo 
Smtettco) and soybeans (ICA Turna) mdtcated that 
growth pattems for the two spectes are stmtlar (Ftg 1) 
However common beans mature much earber and thus 
have lower LAI and CGR values Peak gram growth rate 
(GGR) ts much htgher m beans and the gram growth phase 
ts proport10nally much shorter 

Whtle soybeans commenced llowermg at the same time 
as beans the post flowenng phase was much longer The 
soybean cultivar had a longer llowenng penod due to the 
extra nodes on the mam stem wluch must go through the 
llowermg process 

The gram filhng process m soybeans proceeds at a lower 
maxtmum rate and ts spread over a longer penod than 
common bean ( Ftg 1) The rate of decline m LAI dunng 
senescence ts slower m soybeans 

Common beans apparently adjust potentml smk SIZC 

(pod number) to the avatlable source (leaf area) and then 
proceed to fill the smk (gnun growth rate) as qmckly as 
posstble 

Soybeans contmue thetr htgh GGR dunng the penod of 
senescence Thts suggests that the common bean ts more 
effictent than the soybean m tts use'fll:assuntlates produced 
by photosynthests 

Seed y>eld versus LAD for each of the 16 genotypes 
tested ts plotted m Ftgure 2 ArachlS hypogea (peanuts) 18 

the only spectes m the 118! wtth a dúferent morphology The 
data are remarkable m that one vanable (LAD) can be used 
to explam a large proporllon of the yteld vanatlon of 15 
genotypes from four genera and etght spectes Smce all of 
the spec>es are constructed W>th s1milar bmldmg blocks tt 
can be concluded that y1eld among gram legumes ts stmply 
related to the number of nodaJ unlts present whtch 18 m 
tum chtelly a funct10n of ttme 
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y ld(l4o/) Y eld/day 

t frst 
harvest 

(kg/ha) (%) (kg/ ha/ day) 

4479 68 26 

3899 100 38 

3682 68 26 

3292 82 30 

3080 100 27 

2637 100 34 

2533 83 26 

2748 100 31 

2170 100 29 
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m 1 p 1 tm y 

1 gume sp es 

Numb r Ma mum e p G wth Leaf A e Yeld/LAD T tal Harvest 
days to LeafAre Rate at max D at n b ma d 

lnd x LA! LA! 
fl w 

LAD 
g matu ty 

(g/m /day) (g/ m /day) (kg/ha) (%) 

67 174 52 10 1 298 1 5 9400 41 

34 102 42 14 9 195 20 5440 62 

35 139 36 8 5 179 2 1 5990 53 

43 109 40 87 147 22 6145 46 

28 114 60 13 8 323 1 o 5570 48 

35 78 28 lOO 108 24 3733 61 

38 99 30 108 99 26 4295 51 

35 88 40 14 3 158 1 7 3930 60 

39 76 36 12 4 105 2 1 3125 60 

49 23 7 29 69 25 1 o 1428 38 

1 4 3 1 14 3 11 9 160 24 16 7 58 
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Growth Habat Yaeld Models 

The relatiOnshlp between morpholog~cal and 
physiOiog•cal factors and gram product10n was stud1ed m 
prehmmary expenments Forty lmes varymg m the length 
of the.r preflowenng vegetat1ve growth phase and seed 
fillmg ume and seed s1ze were selected for each of the four 
growth hablls of P vulgaru The select10n was done lo 
obtam the vanat10n that exJSts m the germplasm Wlllun 
each hab1t 

Table 2 shows the means and ranges of selected y1eld 
components and y1eld for each growth hab1t Similar data 
ha ve been reported m earher annual reports however th1s 
study concentrates on the vanat10n obtamed w1thm each 
growth hab1t and the bas1c data on wh1ch the eventual 
models are to be bullt Leaf area mdex (LA!) crop growth 
rate (CGR) days to flower and number of nodes were 
chosen as the bas•c components of the model All of these 
components except CGR mcrease from growth hab1t 1 to 
IV The other components do not vary so much or show 
trends for the mean values The ranges of each componen! 
do vary Clependmg u pon the growth hab1t 

Y1eld models were des•gned for each growth hab1t The 
general form of the models 1s lllustrated m F1gure 3 
Deta1ls Wlthm hab1ts are d1scussed separately smce the 
y1eld models d1ffer dependwg upon the growth hab1t 
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Table 2 Mea sa d ges of selected mo pholog~cal ompo lsof401 es f o m each,growth hablt of Phoseolus vulgaru 

G owth h bts 

JI 111 IV 

Mea Rag Mean Range Mean Range Mean Range 

Y Id (kg/h ) 1066 (164-1436) 1376 (795 2058) 1377 (406 2056) 1366 (507 2053) 

N mbe of s ed jm 423 (97 1002) 789 (147 1442) 761 (354 1187) 668 (132 1102) 

We ght{seed (g) o 25 (0 12.045) o 18 (0 14-() 31) 018 (O 22.0 33) o 24 (O 14.0 47) 

Numbe of pod jm 136 (39 240) 190 (72 313) 173 (107 270) 153 (62 267) 

Se ds/pod 3 (24) 4 (2-6) 4 (3-6) 4 (2-6) 

N mbe f odesjrn 356 (224-565) 425 (263 586) 476 (318 719) 583 (417-832) 

P d 1 ode 04 (O 1-ll 8) 05 (0 2-() 7) 04 (O 2-ll 6) 03 (O 1.0 5) 

D y t llw 28 (24-44) 32 (27 38) 33 (24-39) 32 (24-38) 

Seed fll g tJme 40 (3049) 39 (32 50) 41 (28 53) 52 (44-58) 

L af area de (LAQ 27 (1 74 2) 29 (1 34 8) 33 (1 9 54) 35 (2 2-6 0) 

e p g owth ate (CGR) 103 (5 0-20 6) 108 (52 22 9) 98 (61174) 106 (55 24 7) 

N d g owth rat (NGR) 53 (2 9-8 3) 60 (3 7 8 5) 64 (4 1 9 3) 70 (55 9 4) 

Gra g owth t (CGR) 48 (O 7 10 8) 56 (2 4 11 6) 57 (2 3 10 5) 57 (2 1 10 1) 

U) 1 m 11 g ph) 1 g¡cal ma ty 

g/ m /d y 

Leaf Area lrtdex 

Gram Growth Rate -
1 1 

X 
Number of Seeds 

Seed Wetght -
Seed Ftlhng Ttme 

X 

Yteld= 

Number of 
;------, 
: Leaf Area 1 Seeds/Pod 
1 Duratton 1 
1 .__ ____ J 

X 

1 1 
Pnds/Node 

1 1 
Number of Pnds - X Days to Aower 

N umber of Nndes - X 

1 1 X 
Crop Growth Rate 1 Nnde Growth Rate = 

1 1 
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Growtb babtt 1 Numberoftotalseeds numberofpods 
number of seeds per pod number of pods per node CGR 
and gram growth rate ( GG R) are all correlated Wlth yteld 
(Table 3) Days to flower ts negattvely correlated to yteld 

Table 3 e o 1 1 oeff f gra )'leld w th anous y eld 
mp 1 r r g wth hab t r Ph o/u ulg <S 

M ph 1 gcal G wth hab 1 
e mp 11 lll IV 

N mbe r =d /m o 51 o 91 o 54 084 
We ghtfse d o 2b -Q44 O lb 046 
Number r pod 056 o 74 o 51 o 65 
Seed /pod o 41 066 o 51 o 63 • 
N mbe r d -o 15 041 o 18 -ol3 
Pods/ od o 49 060 060 066 
PI t ¡m 005 o 21 o 20 046 
Dy 1 fl w o 55 o 10 001 o 24 
Sed fll g t m -Q06 -o 17 -o 28 -o 26 
Le f a ea mdex (LAI) 008 o 42 o 33 -o 07 
e p g wth te (eGR) 047 o 50 -QOI o 24 
Nod g wth rat (NGR) o 23 o 43 o 07 -o 10 
G ato gr wth rat (CGR) o 37 064 o 19 o 58 

The length of the preflowenng vegetat1ve phase does not 
have an effect on the number of nodes formed but ts 
correlated ( 47**) to the leaf area duratton (LAD) LAD IS 
negatlvely correlated ( 50 ) to the number of pods per 
node whtch does have a strong relattonshtp Wtth the final 
yteld Seed stze IS negattvely correlated ( 57**) to tbe 
number of seeds per pod S mee n umber of seeds per pod •• 
htgbly correlated to yteld selectlon for a large seed stze m 
thts growth habtt can also be a selectton for lower y¡elds 
Accordmg to the early model f or thts growth habtt 
selectton for a plant w1th many nodes a long preflowenng 
vegetatiVe phase and an mcreased number of seeds per pod 
should result m selectlon for htgber ytelds The large 
number of nodes ts essentrnl to provtde s1tes for pod and 
leaf formatton 

Growtb bablt 11 AU yteld components except seed stze 
days to flowenng and the length of seed ftllmg penod are 
correlated to yteld (Table 3) Seed stze as m growth habtt 
I IS negat•vely correlated to yteld and to the number of 
seeds perpod ( 55***) Therefore a selectton for large seed 
stze can result m fewer seeds per pod and can also be a 
selectton for lower y1eld ThiS 1s the only growth hab1t 
showmg a correlatlon between maxtmum LAI and yteld 
Thts ISdue to the duect relattonshtp of LAI Wtth GGRand 
the number of seeds per pod The correlatton ( 61* •¡ 
between plants/ m2 and the number of nodes suggests that 
plant denstty for th•s growth habtt can affect final yteld 
The growth hab1t 11 modeltmphes that both tbe LAI and 
the number of nodes are the maJor hm•t•ng factors towards 
mcreased gram productton 

Growtb habtt 111 The yteld components correlated wtth 
yteld are the number of total seeds number of pods 
number of seeds per pod and the maxtmum LAI (Table 3) 
The model for th•s growth habtt tends to be less obvtous m 
the selectton of y¡eld components for tncreasmg gram 
productlon Although LAl IS correlated wtth y¡eld 1! does 
not have a dtrect relattonshtp Wtth any yteld components 
used m thiS model 

The model does however suggest that selectton for 
more nodes or large seed stze can also be a selectton for low 
yteld The lack of relauonshtp between GGR and fmal 
gram yteld and negauve correlatlon ( -40**) wtth pods per 
node suggest that leaf area •s hmttmg to support pod 
formatton and pod filhng 

Growth hablt IV Thts growth hablt dtffers from the 
others m that seed stze and number of seeds per pod are 
correlated to yteld (Table 3 ) Even thougb seed stze and 
number of seeds per podare negauvely correlated ( 57**) 
to each other selectton for both large seed stze and more 
seeds per pod should result m htgber ytelds A negauve 
correlatton ( 57 ) ex1sted between GGR and the length of 
the seed filhng penod Smce GGR ts correlated to y1eld 
thts suggests that shorterung the penod from flowenng to 
phystologtcal matunty could be benefietal 

General obseo'atlons In all growth habtts except IV 
selectlon for large seed stze Wtthout enougb seeds per pod 
can result m a selectton for lower ytelds Smce these models 
are m the early stages of development 11 1s not known 
whether the hmtts of seed stze wtll have detnmental effects 
on the number of seeds per pod 

The number of pods per node or the number of total 
pods f or all growth habtts except type I were correlated 
Wtth yteld There was no dtrect relatlonshtp between these 
two parameters wtth LAl and LAD 1mplymg that there ts 
sufftctent leaf area to support the growth of pods 

In growth habtt 1 LAD needs to be mcreased etther by 
mcreasmg the maxtmum LAI or the t1me to phystolog¡cal 
matunty H owever for growth hab1t 11 a relatlonshtp 
( 56 ••¡ extsted between LAI and GGR suggestmg that 
leaf area •• hmttmg m the filling of these pods 

It should be noted that chang¡ng one of !bese com 
ponents wtll of course mercase or decrease that com 
ponen! sor other components effects on gram productton 
The hmtts at whtch a component can be changed before 11 
wtll cause other factors to become yteld hmtUng are 
unknown 
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PredJdlon of Bean Flowermg Date 

In order to evaluate the SU1labd1ty of a new lme or 
cultivar for a particular reg10n 1ts expected phenology 
must be known Smce the phenolog1c response depends 
u pon temperature and photopenod 1t1s essenllalto ha ve a 
model that pred1cts the effects of these vanables 

Such a mathemallcal model was developed by the 
Physwlogy Secllon of the Bean Program The denvallon 
and form of the modelare not presented m th1s report but 
results from testmg the model wdl be descnbed 

Data for testmg the model were those ava1Iable from 
growmg a common set of 20 culllvars m the 1976 
lnternat10nal Bean Y1eld and Adaptat10n Nursery 
(!BY A N) at 39 mternat10nal locat10ns The flowenng 
s1mdanty of the 20 cult1vars had been evaluated prev10usly 
by comparmg thelf performance at27 world Iocat10ns w1th 

mdependent tests of thelf photopenod senslliVIty at CIAT 
Palm~ra (ClAT Ann Rept 1978) In constructmg the 
current model the esllmated cnllcal daylength was 
mcreased to 13 hours 30 mm u tes (matenals had been tested 
at CIA T Palm~ra under a normal daylength of 12 hours 20 
mmutes andan extended daylength of 18 hours) Afterthe 
earher evaluat1ons matenals were placed m cluster groups 
accordmg to thelf phenolog1c behav10r at world locallons 

By applymg the model to these prev10us groupmgs 
reasons forthelf behav10r becameevtdent (Table 4) In the 
table the photopenod response class and cluster groupmgs 
m the columns al the nght are !hose deterrnmed from the 
earher analyses The coefflc1ent of photopenod1c1IY was 
calculated from the model lt 1s at or near O when there 1s 
httle or no flowenng delay as daylength mcreases above the 
cnllcal pomt (1 e the photopenod response 1S.essent1ally 

Tabl 4 p m t t m t r fl w gm d 1 mp dt 1 t nalys s based o O wen g ph ology t th 1976 1 t 1 Bea Y Id 
and Adaptat o Nursery (!BY AN) locat o 

M mum e rr t r Base R t Phot pen d (J t Be D d g mb d 
day t ph t pe d ty t mp t me espo se g p m t n 1 b d ph 1 gy 

fl w g (C) q a class 
e o 

Bo O¡ o, o, o. (days) 

Normal temperature espose 

34 008 110 23 7 27 5 38 JN G4495 (P566) 
37 027 117 20 7 28 7 42 JN G3834 ( P560) 
36 011 11 1 22 2 28 3 44 JN G4451 (P757) 
38 OJO 106 20 8 29 o 38 JN G4454 (P458) 
38 o 111 20 6 29 o 38 IN 2 G3645 ( P459) 
38 o 11 8 20 4 304 39 IN G4525 (P675) 
38 o 115 20 1 29 3 42 IN GI820 (P302) 
39 014 110 20 6 290 38 2N 3 G4122 (P512) 
40 o 110 20 5 29 6 42 2N G4421 (P524) 

MI ed temperature esp .. 
34 o 85 260 26 1 43 IN 4 G4459 (P643) 

40 027 102 20 7 28 6 43 2N 5 G3776 (P539) 

36 001 119 20 3 27 5 53 2N 6 G3353 (P498) 

37 019 116 200 28 o 46 2N G4446 (P758) 

38 127 51 17 7 28 o 59 4A 7 G4523 (P637) 

37 028 102 21 o 29 8 36 JN 8 G3807 (P402) 

Broad t mperatur .. p 

37 o 144 16 2 34 o 35 IN 9 G4445 (P756) 

35 o 14 8 16 3 34 o 3 1 2N G4498 ( P392) 

35 073 11 9 16 o 31 8 28 4A 10 G4494 ( P692) 

35 056 12 7 160 340 29 4A G4460 (P755) 

33 o 14 3 170 33 3 40 IN 11 G0076 (P759) 

Ph p odl 1 <4 d y n g d 1 y 18h rs (h) mp red t 12 h 20m 2 4-IOdy J II 20 d y 4 21 Jo d ) 5>30 d y " nnal 

n w g (m 18 h) wh flw g mm "' A b rm 1 fl w g h bsc ss 
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neutral) thts value approaches 1 as a matenal becomes 
more senstttve to photopenod The hase temperatures 
beta 2 beta 3 and beta-4 are also parameters of the 
model They are those temperatures that respecttvely 
mdtcate the pmnt where a culttvar shows an tmttal response 
to temperature where temperature response reaches a 
plateau and where the htgher temperature causes a 
decrease m culttvar performance From the ongmal cluster 
patterns tl ts posstble to seethatgroups 1 2and3formeda 
dtScernable pattern after that however response types 
became numerous and vaned The new model mdtcates 
that a vanety of temperature response were the causes 

The first three groups compme a temperature response 
type here called normal At the bottom end of the cluster 

Plant Development under Leafhopper Stress 

Tabl 5 Y Id d selected growth param te f 1 ary g n the 
condtos 

P am te p tected 

group> are >cverdl wtth vdned photopenod responses but a 
readtly tdenlllldble temperdture response type called the 
broad re>pon>e "dueto the wtde temperature plateau 

Between the>e extreme> " a group of culuvars wtth 
m1xed re~pon~e:, ú1ven the poss1ble sources of error m 

reportmg phenology data from a large mternauonal 
network the root medn •4uare ( RM~) errors of about four 
days conllrm that the data and the model rather accurately 
descnbe the mteracuon• of temperature and photopenod 
m bedn cultivar performance 1 he re~ults are tmportant m 
that they open the WdY to pos>tbly esttmatmg the model 
parameter> lrom >~m pie (and pre>ently routme) screemngs 
at C!Al >tauon• 1 ht> would enable predtctmg the 
phenology o! both ext>tmg cultivar> and new lmes for the 
full target arca dnd thus dtd m determtmg thetr suttabthty 
lor any locat10n 

tol ra ce to Emp k m u d p tect d d p te ted 

u p lect d LSD(OOI) 

Tol ant ltrmdat Suscept bl Tol ra t lnl medtat Suscept ble 

Y eld (kg/ha) 2000 1610 

Y eld/day (g/ m fday) 28 23 

Number f pods{m 299 2S4 

Numbe of nod /m 581 422 

Leaf area mdex (LAI) 49 50 

Leaf area d u t (LAD) 173 154 

Yeld/LAD 11 1 o 

Crop growth 1 (CGR) 16 7 13 o 

Grwn growth rate (CGR) 69 59 

Stem lenght (cm) 106 66 

B mass (kg/ha) 3671 2661 

Harvest dex (%) 44 46 

N mber of Fmpoas ymphs o o 

Numbe of Fmpoas adults o o 

Tlranth EMP9 GOI24 1 m<d " ICA lw S scept bl lne 

V 1 es w h astcnsk sh wed g fea dff re ce(P OOI)bc wec lm 

An expenment wasconducted to study the effects ofthe 
leafhopper ( Empoasca kraemer1) on bean yteld com 
ponents and final grato yteld Two toleran! !mes (EMP 9 
and G 0124) two suscepllble !mes (BAT 41 and Bunst) and 
an mtermedtate !me (ICA Tm) were grown m protected 
and unprotected plots at CIA T Palmtra 

Y teld and most of the maJor yteld components decreased 
s¡gmftcantly from protected to unprotected treatments 
regardless of whether !mes were toleran! or suscepttble 
(Table 5) Stgmficant yteld reducllons of 47% for toleran! 

1948 1067 846 816 16 

JO 1 5 1 2 1 2 2 

335 267 248 261 38 

453 595 492 482 70 

42 35 41 26 07 

137 119 126 79 12 

1 5 09 07 1 o o 1 

15 6 12 1 12 4 88 29 

73 4 1 28 35 1 3 

67 64 53 49 10 

3316 2261 1916 1615 52 

44 42 43 42 7 

o 117 155 132 NS 

o 679 559 591 60 

BAT 41 8 

d uscep bl lmes nd p tect<d nd .. N> 
g '"' 

!mes and 59% for the suscepltble !mes were recorded Yteld 
dtfferences were dueto decreases m the number of nades 
leaf area mdex (LAI) and leaf area durallon (LAD) Only 
m the la ter plant growth stages dtd leafhopper nymphs and 
adults show dtfferent preferences between toleran! and 
suscepllble !mes 

Ftgure 4 compares curves for the dtfferent growth 
parameters and msect populattons all msect populatton 
curves represen! total counts per plan! The nymphal 
populallon curve for the toleran! !mes remamed htgh 
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beca use the vegeta ti ve matenal (meas u red by LAI and total 
b10mass) decreased less dunng thts penod compared to the 
susceptible hnes The nymphal populatlon on toleran! hnes 
began to drop when plants reached phystolog¡cal matunty 
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to the green growth of the toleran! !mes shown by the 
stgmficant mcrease m the number of adults near the end of 
the season 

The sudden decrease m total btomass producuon and 
crop growth rate (CGR) for the susceptible !mes comctded 
wtth peak nymphal populauons Stem LA! but not branch 
LA! decreased stgmficantly between toleran! and suscepu 
ble !mes Due to thts lack of leaf area gram growth rate 
(GGR) also decreased on stems but not on branches 

Plant Development under Low Input Stress 

Yteld parameters m beans were also studted under htgh 
and low levels of mputs Htgh mputs mcluded complete 

control of msects and dtseases and appltcattons offertthzer 
at plantmg low mputs 1 o volved only applymg a small 
amount of fertthzer at planung (Table 6) 

Yteld dtfferences on both stems and branches were 
stgmftcant between the two treatments An mterestmg 
pomt was that seeds were larger but not stgntficantly so 
for low mput treatments Thts probably was due to the 
stgmficant decrease m seeds per pod These two parameters 
were shown to be negattvely correlated m the earher 
dtSCUSSIOD OD yteld modehng 

The data m thts expenment suggest that a rna¡or cause 
for decreased yteld under low mputs ts the numberofseeds 
per pod and that most of the yteld loss may be traced to low 
yteld on branches 

Table 6 Relat n hp f selected y eld ompo ent to bea y eld f Phaseolus vulg u lines rece mg two levels of p t 

Y Id p t 1 LSD Value ( usy Id) CV 
component 

Htj¡h Low Hogh Low (o/) puts p ts 

Y Id (¡¡/m) 
stem 100 65 17 46 46 .. 21 2 
branch 84 54 19 20 37 282 
t tal 184 119 35 141 

Pod umber¡m 
stem 125 100 70 31 41 19 5 
branc:h 106 89 76 01 34 244 
total 231 189 108 23 46 161 

Seeds/pod 
stem 47 21 16 40 17 11 9 
bra eh 42 2 1 22 49 27 17 2 
total 45 2 1 15 51 26 114 

We1gbt (g)f 100 seeds 
stem 19 31 22 19 05 27 o 
branch 19 28 18 21 04 23 9 
total 19 30 19 20 03 24 o 

B1omass (¡¡/m ) 
tm 210 127 42 31 36 15 9 

bra eh 137 86 44 04 20 21 3 
total 347 214 63 25 36 15 8 

Harvest mdex (%) 
tm 51 57 12 28 38 14 9 

bra h 62 68 13 21 38 135 
total 55 61 11 28 41 12 6 

Y ldfday (¡¡fm) 
te m 1 5 11 9 44 46 14 3 

bra eh 11 1 o 9 19 37 18 7 
total 25 1 5 9 98 99 14 7 

Days to fl w 37 37 4 04 06 73 
Days to m t nty 75 81 5 01 02 42 

Hgh mp u f reg la p y g f occl nd dasc ses as w JI f rt hze pla mg l w p 1 Mdl ly r an ppl cat r 1 w m 1 r 
r Ütu t pla tmg 
H gh p WJ h as nsk were agruf can U y dúf re t r m th mparable 1 w p 1 lue 
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Appendax A 
Desc:nptaon of Phaseolus vulgar!S L Growth HabJts 

Type 1 Determmate growth habll reproducuve ter 
mmals on the mam stem wllh no further node producuon 
on the mam stem after fiowenng commences 

Type 11 lndetermmate growth habtt vegetallve ter 
mmals on the mam stem wtth node productton on the mam 
stem after fiowenng commences erect branches borne on 
the lower nodes of the mam stem erect wtth relauvely 
compact canopy vanable gwde development dependmg 
on envtronmental condlllons and genotype 

Type Ola lndetermmate growth habtt vegetauve 
termmals on the mam stem wtth node product10n on the 
mam stem after fiowenng relauvely heavlly branched wtth 
vanable number of facultauvely chmbtng branches borne 
on the lower nodes vanable mam stem gwde development 
but generally showmg chmbmg abthty 

Type lllb lndetermmate growth habtt vegetauve 
termmab on the mam stem wnh node productton on the 
mam stem alter fiowenng, relauvely heavlly branched wllh 
vanable number of facultattvely chmbmg branches borne 
on the lower nodes vanable mam stem gutde development 
but generally showmg chmbmg abthty 

Type IVa lndetermmate growth habll vegetauve 
termmals on the mam stem wtth heavy node producuon 
aher llowermg commences branches not well-<leveloped 
compared to mam stem development moderate chmbmg 
abdny on supports and pod load carned evenly along the 
lenght of the plant 

Type IVb lndetermmate growth habll vegetauve 
termmals on the mam stem wtth heavy node productton 
aher llowenng commences branches not well-<leveloped 
compared lo mam slem development strong cllmbmg 
lendency wtth pod load mostly borne on the upper nodes of 
the plan! 

Notes The growth habtt classtficallon has been 
expanded for the cbmbtng types smce the 1977 Annual 
Report T ype 111 matenals wtth sorne tendency to chmb are 
now recogmzed as Type lllb.and Type IV has beendtvtded 
on the bas•s of vtgor and pod dlStnbutton 

The most unportant dlStmgwshmg features of tbe 
growth hablls are as follows tenrunal raceme on mam stem 
for Type 1 mdetermmate wtth erect branches for Type 11 
tndetermmate wtth prostrate branches for Type lila 
mdetermmate wtth sem~-<:hmbmg mam stem and branches 
for l)pe lllb mdetermmate wtth moderate cbmbmg 
abtbly and pod• dtstnbuted evenly up the plant for Type 
IVa mdetermmale Wtlh aggresstve chmbmg abtbty and 
pod> carned mamly on the upper nodes of the plant for 
Type IVb 

C.rowth habtt ts not necessanly a stable charactenstc 
smce change• m growth habtt may occur from one locatton 
to anolher 1 he classtftcauon of growtb babtt for a 
pantlul.u gcnolype 1> only useful m a defmed envtronment 
parttcul.uly wllh regard lo clunbmg ablltty 
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CIA 1 !\o 

G00057 
(o00076 
(oOOIIH 
<.ooOI24 
(oOOI59 
G00489 
G00687 
GOJ507 
GOJH20 
GOJH54 
G02005 
(,02006 
G02047 
(o02 58 
G02333 
(,02525 
G02618 
G02858 
G02959 
G03353 
GOJ607 
G03645 
GOJ652 
G03658 
(,03776 
G03807 
G03834 
G03942 
(o04000 

G04122 
G04393 
G04421 
G04434 
(,04435 
G04445 
(,04446 
Ol4449 
G04451 
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Appendax 8 
CIA T Access10ns of Phaseolus Referred to m tbas Report 

Id nllllcauon Local regJStcr Source2 

'\'A ed 1 h Brown PI 136735 USA 
Red Kloud USA 
~ony Uays PI 162566 USA 

PI 163372 USA 
<..ab .. asulya PI 165078 USA 
Raytal PI 175269 USA 
Wmdsor long Pod PI 182026 USA 
O¡o de Cabra PI 281988 USA 
Negro Jamapa PI 309804 USA 
!\una PI 310512 USA 

PI 310739 USA 
PI 310740 USA 
PI 310805 USA 

Morada del Agua PI 311904 USA 
Colorado de T eop1sca PI 311998 USA 
Magdalena 3 PI 313624 USA 
<..o! No 168 PI 313755 USA 
Zacat cano PI 319665 USA 
Pecl o Arnanllo GTA-014 GTA 
Puebla 152 MEX 
CC<.oB-44 1-462 VNZ 
Jamapa 1-810 VNZ 
Puebla 152 1-820 VI\Z 
Mex1co 27N 1-867 VNZ 
Venezuela 2 1 1062 VNZ 
Brasil 2 Pico de Oro 1 1098 VNZ 
51051 1 1138 VNZ 
M1chehte B-33 CRA 
N_EP Bayo_22 ------ e 286 ---- CRA -----
~ 166-A N N 555 CRA 
1 laxcala 62 e MEX 
~-630 B C-63 CR\ 
Anlloqu1a 11 p 111 CRA 
D1acol Cahma p 146 CRI\ 
l::.x RICO 23 CLB 
Ex 1 uebla 152 Brown ~eeded ME'\ 
Pmto Ul 114 USA 
9 Al 2 USA 



Appc:nd H {cont nuc:d) 

UAT No 

G04452 
G04454 
G04459 
Co04460 
G04470 
G04482 
G04489 
G04494 
G04495 
G04498 
G04503 
G04505 
G04523 
G04525 
G04727 
GU4816 
G04821 
G04824 
G04825 
G04830 
G04978 
G05158 
G05270 
G05653 
G05694 
G05702 
G05708 
G05743 
G05745 
G05768 
G05773 
G05897 
G06361 
G06520 
G06?19 
G06721 
Co07932 
G07951 
G0944ó 
G 11249 
(o 11274 
Gll488 
G12ó31 
Gl2709 
Gl3497 
Gl3499 

ldenuficauon 

ICA Couab 
ICA Tu1 
NEP 2 
Pompadour 2 
Pompadour 
Zamorano 2 
Coudapa 72 
Dmcol Clhma 
Pornllo Smtettco 
Samia e 
W1dusa 
Top Crop 
Lmea 17 
Lmea 32 
Ancash 66 
Mulatmho 
lguacu (Lote 4) 
Roxllo 
Ca noca 
Rw T1bag1 (Lote 10) 
A manda 
Btco de Ouro 1445 
Sataya 425 
Ecuador 299 
CorneO 49 242 
Cargamanlo 
Sangretoro 
Preto 897 
Redlands Greenleaf B 
Pmto No 650 
ICA P!Jao 
Hor de Mayo 
úreat Northern 
AETE 2 
Jub1la 
Double Wh1te 
Nahmzalco RoJo 
Aroana 
lmuna 
Pmto 
8 astl 343 Mulatmho 
CENA 164-2 CM CM (12 B) F5 
Ancash 143 
Moruno 
AETE 1/37 
Petro 132 

Local regtster 

BZL 905 

CA21 

FRC 542 
IVT 771004 
IVT 77039 

Sanudo 45 

So urce -
CLB 
CLB 
CRA 
CRA 
DOM 
HDR 
GTA 
CLB 
HDR 
USA 
FRC 
USA 
CLB 
CLB 
PER 
BZL 
BZL 
BZL 
BZL 
BZL 
NLD 
BZL 
MEX 
ELS 
USA 
CLB 
CLB 
ATL 
ATL 
USA 
CLB 
MEX 
USA 
UTK 
NLD 
NLD 
ELS 
BZL 
FRC 
NLD 
NLD 
BZL 
PER 
CLB 
BZL 
BZL 

lh ú od 1 ccess h mbe uaped bythC"gcrmplumba k f hcCIATGene acR so n:aU BATA EMP 
BAC DOR d V od bel ng ma Jal mp d b} UAT 8ea P gram 

AJL A 1 HZL H 1 <..LB <..1mb CRA CostaRaca DOM Dom Re-p blac ELS El~lvad 1-R<.. 
t- (, 1 A (. m 1 HOK H nd ra ~EX M PER P UTK U ed K.m¡O m VNZ \J uda 
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