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The 1mpact of pathogens and arthropod pests on common bean product10n m 
Rwanda 

(Keywo ds p oduct o constra nts o farm d agnost e asea eh Ph seo/ s vulga s Rwa da) 

P TRUTMANNt and W GRAFt 

Centro InternaCIOnal de Agncultura Trop1cal (CIAT) AA 6713 Call Colombia 

Abstract. The eco om e mportance of d seases a d pests o 
common bea p oduct on n Rwa da was est gated s ng o 
fa m d ag ost e t als muh eg ess o models and nat o al 
p oduct on nformat on O sease a d arth opod pest co t ol e
sulted espectvely yeld e eases of 447-497 kg ha 1 and 
158-233 kg ha 1 Nat onally annual dry bea losses f om d s 
eases we e estmated to be 219300 tonnes o US$899 mllon 
and f om arth opod pests 79 800 to es o US$32 7 mtlho 
MaJo losses us ng m 111 regress o models were attr buted to 
a gula leal spot (56 656 tonnes) a th acnose (35 925 tonnes) 
floury leal spot (30264 to es) phoma blght (27513 ton es) 
ust (15667 tonnes) a d oot ots (14690 tonnes) Mult 
eg ess on models were less useful e pla n ng losses t om 

pests poss1bly due to the qual ty of data W th esults f om 
nato al e dosulfa seed t eatment tr als t was co servat ely 
est matad that beanfl es pnnc1patly Oph omy a spence ella 
ed ced bean y elds nat o ally by 18 000 to The es lts ha e 
ele ance fo esea eh and poi cy p o t es to bean research ot 

o ly Rwa da but also n agroecolog cally s m lar ego s the 
G eat Lakes eg on of Afr ca 

1 lntroductlon 

Projects to mcrease product1on of subs1stence crops 1n 

develop1ng countnes are generally JUSIIfled usmg the best 
ava1lable mformat1on on product1on constra1nts Untar 
tunately often the 1nformat1on 1s descnpt1ve or not on 
farm basad but rather b1ased towards problems found on 

research stahons (AIIen et al 1989) To set effect1ve pnon 
t1es for nat1onal and mternat1onal research on subs1s 
tence food crops 1t 1s essentlal to obtam 1nformat1on of 

constramts under farmers cond1t1ons 
Phaseolus vulgans L 1s the pnmary source of prote1n 

and an 1mportant source of carbohydrates 1n the h1ghly 
populated h1ghlands of the Great Lakes reg1on encom 
passmg Burund1 Rwanda the K1vu reg1on of Za1re and 
southwestern Uganda For example 1n Rwanda beans 

prov1de a th1rd of the total prote1n 1ntake and an e1ghth of 
the carbohydrate consumpt on (Pach1co 1989) Numer 
ous d1seases and pests as well as fert1hty were thought to 
be 1mportant bean product1on constramts 1n the Great 
Lakes reg1on but emp1ncal data were not ava1lable (CIAT 
1981) When the Centro Internacional de Agncultura 
Trop1cal (CIAT) estabhshed a reg1onal bean programme 
systemat1c on farm d1agnost1c research w1th natlonal 

research 1nst1tutes of Rwanda Burund1 and Za1re and 
development proJects became a ma)or pnonty tn efforts to 

develop technolog1es to 1ncrease bean product1on 1n the 

reg1on 
Vanous methods to quant1fy constra1nts are ava1lable 

(James 1974 P1nstrup Andersen el al 1976 H1ldebrand 
and Poey 1985 Teng 1987) We used on farm d1agnost1c 
tnals to determtne y1eld gatns by removal of a constratnt 

(HIIdebrand and Poey 1 985) together w1th 1nd1v1dual d1s 
ease and arthropod pest evaluat1ons hnear emptncal 
models us1ng the multlvanate regress1on techntque to 

measure the funct1onal relat1onsh1p between y1eld and 
1nd1v1dual 1ndependent vanables (Teng 1987) and reh 
able nallonal data on area cult1vated to beans (Anon 

1984) In th1s paper we d1scuss pnnc1pally the 1mportance 
of pathogens and arthropod pests as constratnts to bean 
product1on We beheve the papar should be read 1n con 

JUnctlon w1th two other papers wh1ch dtagnose farmer 
percept1on and management of d1seases (Trutmann et al 

1993a b) 

2 Mater1als and methods 

A total of 45 rephcated on farm d1agnost1c tnals were 
1nstalled 1n s1x d1fferent agroecolog1cal reg1ons of Rwanda 

over three seasons 1n collaboratton w1th vanous develop 
ment proJects Due to the small average s1ze of farms of O 5 

ha the tnals usad were plus one and m1nus one explora 
tory des1gns (De Datta el al 1980 H1ldebrand and Poey 
1985) rather than a complete faetona! des1gn In plus 

one tnals the effect of a faclor 1s evaluated by add1ng a 
treatment to a farmer base treatment whereas 1n m1nus 

one tnals the effect of a factor 1s deduced by ehmtnatmg 
treatments from a complete treatment 1n th1s case a 
d1sease and arthropod control and full nutnt1on base 

treatment In the f1rst two seasons plus one tnals were 
usad followed by a further two seasons us1ng mmus one 
tnals Plus one des1gn tnals usad 9 m plots 1n whtch half 
the bordar row was sprayed 1n order to allow complete 
harvest1ng of the plots Mmus one des1gn tnals usad 16 m 
plots 1n wh1ch the mner 12 2 m was harvested Plots were 
separated by 1 m For plus one des•gn tnals plot treat 
ments were as follows (1) farmer method (2) farmer 

t Pese t add ess Departme t ot Plant Pathology 334 PI t Se e ce Bu Id g Co ell U e srty lthaca NY 14853 5908 USA 
:t: P ese t add ess SDC Ag e ltu al Serv ce 3003 Be e Sw tzerland 

0967 0874 93$10 00 Q 1993 T ylo d F Ltd 



Be prod ctlo lossea 1 Rwanda 

method and fungal and bactenal control (3) farmer 
method and 1nsect control and (4) so1l fert1hzat•on In 
m1nus one des1gn tnals the above treatments were used as 
follows (t) d1sease and 1nsect control and fert111zat1on (2) 
d1sease and 1nsect control (3) d1sease control and fert1l 
1zatton (4) 1nsect control and fert1hzat1on (5) farmer treat 
ment The farmer method cons1sted of sow1ng on a well 
preparad bed the trad1t1onal farmer bean m1xture w1th 
small hoes 1n an evenly spaced tash1on The whole f1eld 
mcludmg the tnal area was sown 1n th1s manner The 
beans were weeded and managed 1n the local trad1t1on 
except no pods and leaves were consumad dunng the 
season D1seases were controlled w1th a pra sow1ng s01l 
treatment w1th 50 kg ha benomyl 50 1 a 1 and 5 kg ha 
metalaxyl 80 1 a 1 1n 3000 litres and from the flrst leal 
stage a weekly follar treatment w1th 1 kg ha benomyl 
50 1 a 1 when necessary together w1th 4 5 kg ha copper 
oxychlonde (or copper hydrox1de 2 kg ha ) 1n 3000 litres 
T o control arthropod pests plots were treated w1th a pre 
sow1ng treatment of carbonyl at 1 O kg ha 1n 3000 litres 
and each week alter emergence w1th d1methoate 40 1 a 1 
2 litres ha 1n 3000 litres water Other plots were treated 
w1th water befare sowmg To opt1m1ze plant nutnt1on 
plots were treated w1th 30 tonnes ha and at the f1rst 
compound leal stage w1th 11 O kg ha of d1ammon1um 
phosphate Three tnals were sown per season m each 
al s1x agroecolog1cal zonas Treatments were rephcated 
tw1ce per farm per season w1th a random1zed block de 
s1gn us1ng three or tour farms per reg1on The tnals were 
contmued for three seasons except 1n the Bugesera (two 
seasons) The tnals were harvested by farmers dned on 
farm and we1ghed usmg a balance accurate to the nearest 
gram 

Evaluat1ons were made of mean d1sease or arthropod 
seventy par plot dunng the season D1sease evaluattons of 
follar non system1c pathogens were basad on percentage 
surface area of plants affected 1n each plot al the late 
podf1ll 1o late gramflll stage (Fernandez el al 1986) as 1t 
was regarded as the most cnttcal t1me when photo 
synthate product1on would affect y1eld So1l borne patho 
gens bean common mosa1c v1rus (BCMV) and beanfly 
were evaluated at the pre flowenng stage They and other 
1nsects were evaluated us1ng a 1-9 scale to 1nd1cate sever 
1ty 1 = no symptoms 3 = shght 5 = moderate 7 = severa 
9 = very severa or 50 1 or more of plants w11ted Other less 
common pests were notad only for presence or absence 

Y1eld d1sease and msect seventy data were analysed 
usmg an analys1s of vanance and Duncan s mult1ple 
ranga test The effect of d1seases arthropod pest 

control and 1mproved plant nutnt1on on bean y1eld was 
calculated us1ng De Datta et al (1980) and H1ldebrand and 
Poey (1985) The data were also used 1n a linear multl 
regress1on analys1s ovar agroecolog1cal reg1ons us1ng 
y1eld augmentat1on as the dependent vanable and 1nd1 
v1dual d1seases and arthropod pests as tndependent van 
ablas To correlata observad y1eld tncreases w1th relativa 
1mportanca of e1thar d1seases or pests y1eld gams par 
repet1t10n per reg1on from a1ther fung1c1de or msect1C1de 
treatments and controls of d1agnost1c tnals were usad 1n 
mult1 regress1on analyses As d1sease and ~nsect sevanty 
data were not ava1lable for all tnals modal means wera not 
necassanly the sama as the means obta1nad for d1ag 
nost1c tnals over three saasons General nat1onal bean 
y1eld loss est1mat10ns due to d1seases pests and sub 
opt1mal plant nut1111on wera made usmg d1agnost1c tnal 
data ovar seasons wh1ch were extrapolated to all 
agroecolog1cal reg1ons us1ng the assumpllon that tha 
lmbo and Eastern Savanna were s1m1lar to tha Bugasera 
the Shores of Lake K1vu and the Eastern Plateau s1m1lar to 
the Mayaga lmpara and Gran1t1c Spur s1m1lar to the 
Central Plateau and the Volcamc Reg1on S1m1lar to the 
Bubaruka H1ghlands These data were usad together w1th 
rehable data of surfaca area under bean cult1vat1on 1n 
vanous reg1ons 1n Rwanda (Anon 1984) The season 
1984b was a severa drought season where the mean y1eld 
est1mate for the nat1onal survey was 412 kg ha wh1ch 
was not regarded as representat1ve Monetary losses were 
calculated usmg the nat1onal assumpt1ons of 35 Awandan 
francs (FRW) kg and converted to US dollars usmg the 
exchange rata of 84 FRW dollar (US$ O 41 kg ) 1n 
December 1986 

3 Results 

The relat1ve y1eld attnbuted to each hm1t1ng factor ovar 
agroecolog1cal reg1ons 1s g1ven 1n T able 1 Control of 
arthropods us1ng mmus or plus one das1gn tnals 1n 
creased mean bean y1eld overall tnals 17-30 1 d1sease 
control 52-59 1 and soll fert11izat1on mcreased y1eld 22-
60 1 Y1eld mcreasas trom arthropod control were lower '" 
e1ther tnal des1gn than those obtatned from d1sease con 
troJ or 1mproved fertthty The 1mportance of d1seases as a 
product1on hm1t1ng factor was notad both 1n plus and 
mtnus one des1gn tnals So11 fertthty was numencally the 
greatest y1eld llm1ttng factor 1n mtnus one des1gns tnals 
but not 1n the plus one des1gn tnals Mean on farm bean 
y1elds were between 764 and 949 kg ha but could be 1m 
preved to 2000 kg ha by removal of the three hm1t1ng factors 
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Lowest 1ncreases from d1sease control were obta1ned 1n 
the lowest lytng reg1ons but h1ghest y1eld 1ncrease from 
the d1sease control was obta1ned 1n the m1d altitudes 
(1600-1800 m) not the h1ghest altitudes (Table 2) The 

seventy of d•seases and pests was often agroecolog1cal 
reg1on rather than alt1tude dependen! (Table 3) The 
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greatest y1eld tncreases from beanfly control were actually 
recordad al h1gh altitudes Us1ng nat1onal product1on sur 
vey data (Anon 1984) d1seases were est1mated to reduce 
y1elds by 219 375 tonnes per year valued at 89 9 m1ll1on 
dollars (T able 4) Arthropod pests were est1mated lo re 

duce y1elds by 79 793 tonnes valuad at 32 7 m1lhon dollars 
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H1ghest d1sease seventy rat1ngs were obta~ned for 
angular leaf spot causad by Phaeotsanopsls gnseola 
(Sacc ) Ferrans anthracnose causad by Colletotnchum 
lmdemuth1anum (Sacc & Magnus) Bnos1 & Ferrans 
phoma (ascochyta) bhght causad by Phoma ex1gua var 
dtvers1spora (Oesm ) Boerema floury leaf spot causad by 
Mycovel/os!ella phaseo/1 (Drummond) De1ghton and root 
rots assoc1ated w1th Fusanum oxysporum f sp phaseoll 
Kendnck & Snydar (T abte 3) Phoma bhght anthracnosa 
and root rots were most severa 1n the med1um to h1gh 
alt1tudes and floury leaf spot 1n the med1um to low re 
g1ons Angular leaf spot was severa 1n all agroecolog1cal 
reg1ons Beanfly predom1nant1y Oph1omy1a spencerella 
Greathead was the most severa pest 1n all agroecolog1cal 
reg1ons except the Buberuka h1ghlands Aph1ds pre 
dommantly Aphts fabae Scopoh were relat1vely less 
severe (Tabte 5) 01her pests were found but were not 
commonly found at h1gh populatlons levels Only for 

~ phoma bhght aph1ds and beanfly d1d saason S1gmf1cantly 
1nfluence saventy (Table 6) 

H1ghly s1gmflcant regress1on models (P ~ O 000 to P ~ 

O 009) were obta~ned to dascnba tha Jnfluanca of d1seases 
on y1eld 1n all agroecolog1cal reg1ons except 1n the Za1re 
N1le D1v1de (P ~O 132) and Mayaga (P ~O 330) (Tabla S) 
All models had Ff values between O 41 and O 95 H1ghly 
s1gnd1cant regress1ons were usad 1n the general analys1s 
ovar all agroecolog1cal reg1ons to descnbe the correla 
t1ons of angular leaf spot phoma bhght floury leaf spot 
root rots and rust seventy w1th y1eld Lower confldence 
levels were frequently observad 1n mult1 regress1ons of 
reg1onal data but trends were s1m1lar to those expected 
from seventy rat1ngs Angular leaf spot was assoc1ated 
w1th the h1ghest y1eld and monetary losses fotlowed by 
anthracnose floury leaf spot phoma bhght rust causad 
by Uromyces append1culatus (Pers ) Unger var append1 
culatus and root rots (Tabla 6) Total y1eld est1mat1ons 
from the models of losses due to d1seases correlated well 
w1th those of the actual values from d1agnost1c tnals usad 
to calculate nat1onal losses (Tablas 4 and 8) 

S1gnlflcant overall relat1onsh1ps were obta~ned w1th the 
mult1vanate regress1on models (P = O 000 to P = O 05) 
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between y1eld and arthropod pests seventy 1n all agro 
ecolog1cal reg1ons except the Bubaruka h1ghlands and 
SIQnlf1cant correlat1ons were obta1ned for beanfly 1n all 
reg1ons but not for aph1ds (Tabla 7) However Ff values 
of models were too low (O 04-0 39) to meamngfully est1 
mate the contnbut1on of beanfly or aph1ds to y1eld loss 

4 DISCUSSIOn 

D1seases were the most 1mportant agronom1c y1eld 
hm1t1ng factor 1n Rwanda us1ng plus one tnals and the 
second most 1mportant agronom1c factor after plant nutn 
t1on us1ng m1nus one tnals The d1fferences '" the results 
from the two tnals are due to a mask1ng effect 1n the plus 
one tnals where potent1al y1eld gra1ns through 1mproved 
fert1hty were not realizad due to losses from dtseases (Graf 
and Trutmann unpubhshed) Conservativa est1mates 1n 
d1cate that d1sease control could contnbute nat1onally to 
add1t1onal product1on of 219300 tonnes of dry beans (50 1 of 
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o 563 
0007 

574 

Za e-N le 

d d 

Co p 

-0 34(0 15) 

-0 31(0 19) 

-o 45(0 95) 

-0 23(0 71) 

-o 23(0 26) 

-0 14(0 90) 

-o tt(O 04) 

-0 17(0 07) 

-o 27(0 2tl 

0407 

o 132 

398 

Ce tal 

PI 1 

eo P 

-o 30(0 70) 

-038(0 16) 

-o 53(0 00) 

-0 36(0 01) 

o 27(0 08) 

-0 14(0 62) 

-0 06(0 17) 

-o 08(0 35) 

o 540 

0000 

526 

Mayaga 

Co p 

o 08(0 31) 

-0 20(0 34) 

-0 49(0 04) 

-0 18(0 09) 

o 07(0 97) 

-0 01(0 08) 

-0 27(0 10) 

-o 07(0 55) 

0442 

0330 
502 

B gese a 

eo P 

-o t7(0 26) 

-0 23(000) 

-o 25(0 78) 
-0 17(000) 

-0 32(039) 

-0 08(002) 

-0 17(0 95) 

o 34(0 00) 

-0 46(090) 

-0 07(000) 

0953 

0009 
44 

Gl b 1 

e P 

-o 27(0 05) 

-0 29(0 19) 

-o 46(0 00) 

-0 22(0 05) 

-o 04(0 93) 

-o 09(0 32) 

-o t5(0 75) 
-0 13(0 04) 

0343 
0000 
512 

Table 8 Est mated prod cttOn lo se of common be pe d e Rwsnd 

D sease Est mated y eld 1 ss Est mated co om loss 
(tho sa d to S) (milo U S$) 

Ph m blght 27 5136 11 2806 
Antha 35 9252 14 7293 
A g la 1 1 spot 56 6565 23 2292 
Flo ry leaf spot 30 2642 124083 

A SI 15 6635 64220 

Commo blght 7 7821 31907 

H lo blght 51482 21108 
Be commo mosa "' 98544 40403 

M phom stem bl ght 09724 03987 
A 

1 "" 
14 6909 60233 

N m tod o 1537 00630 

Total 204 6247 83 8962 

Tabl 9 M ltJregesSJonmod lscorrelatmgyeldwtharthopodpe tso beans tu 1 eg ns ot Rwanda 

Osea 

Be fly 
Aphd 

R m d 1 
Model P = 

Y Id (kg ha 

B ba ka 
h¡ghl d 

e p 

-o toco 5t) 
-o 16(0 34) 

004 
0544 

19 

za e-N le 
d <le 

Co p 

-o 42(0 06) 

-o 30(0 33) 

o 200 

0049 
492 

actual product1on) or 89 9 m1lhon dollars per annum 
Control of pests was est1mated to contnbute 79 800 tonnes 
of dry beans (18/ of actual product10n) or 32 7 m1lhon 
dollars per annum Results from Burund1 (van Durme et 
al 1983 Perreaux t 986 Autnque 1987) and the K1vu 
reg1on of Za~re (Pyndy1 t 987 Trutmann unpubhshed) 
and observattons from southwestern Uganda (Trutmann 
unpubhshed) suggest d1sease and pest problems and 
losses are s1m1lar to those 1n Rwanda suggest1ng th1s 
study could be useful to obta1n rough esbmates of the 
1mportance of maJar d1seases and arthropod pests 1n 
other countnes of the reg1on 

e 1 1 M y g B gese a Global 
Platea 

Co p Co p e p Co p 

-0 44(0 01) -o 47(0 oo) -0 62(001) -031(000) 
o 10(0 76) -o 14(068) -0 15(0 11) 

o 20 o 22 039 011 
o 035 0008 0042 0000 

126 151 152 183 

The results suggest !he greatest 1mpact on bean y1eld 
through d1sease management 1n Awanda would come 
from control of angular leaf spot wh1ch alone accounts 
for annual product1on losses of 56 700 tonnes or 12 1 of 
the natlonal bean product1on Other pnonty d1seases are 
anthracnose (7 1 of nat1onal product1on) floury leal spot 
phoma bhght (each 6 1 of nat1onal product1on) rus! and 
root rots (each 3/ of nattonal product1on) Control of 
these s1x d1seases accounts for 82/ of total producbon 
gra1ns due to d1sease control 

The regress1on models used to correlata 1nd1v1dual d1s 
eases w1th y1eld appear to be relat•vely accurate Nat1onal 
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yteld losses for tndtvtdual dtseases calculated wtth the 
linear multt regresston modal closely approxtmated those 
d~rectly obta~ned from d1agnost1c tnals (Tablas 3 and 8) 
The relattve 1mportance of tndtvtdual dtseases ustng the 
mddel also correlatas well wtth seventy rattngs except for 
floury leaf spot and rust whtch account for more yteld loss 
1n the models than suggested by seventy ralings alone 

Although d1agnost1c tnal results showed arthropod pest 
control to 1ncrease bean yteld multl regresston models 
were not useful tn calculattng losses due beanfly or 
aph1ds Accord1ng to the models control of beanfhes 
predom1nantly O spencerella and aph1ds expla1ned only 
11 1 of observad nat1onal yteld tncreases from pest con 
trol The Ff of models was low although the 1mportance 
of beanfly as a pest 1s suggested as 1t expla~ned much of 
the vanabthty m the models 1n all agroecologtcal regtons 
except the Buberuka h1ghlands where httle beanfly was 
found dunng the ttme of the tnals More recent results 
from regtonal seed treatment tnals prov1de an esttmate of 
the 1mportance of beanfly control on nattonal productton 
(Tnutmann el al 1992) lt 1s est1mated that beanfly control 
would annually tncrease nattonal y1elds '" Rwanda by 
18000 tonnes or 41 ot total nattonal bean product1on 
eqwvalent to US$ 7 4 m1lhon Th1s suggests beanfly 
causes about 25/ of the total losses attnbuted to arthro 
pod pests 1n Rwanda Largar yteld tncreases from beanfly 
control have been obtatned tn seed treatment tnals tn 
Bunund1 (Autnque 1987) wh1ch suggest beanfly could be 
a greater productton constratnt there than tn Rwanda 

Thts study represents the ftrst tn depth analysts ot dts 
ease and pest constratnts of common bean 1n the Great 
Lakes reg1on of Afnca However the results are basad on a 
number of assumpt1ons and extrapolattons whtch the 
user should be aware of Most of the assumpttons are 
ev1dent from tablas and tnformatton presentad For ex 
ample results from dtagnosttc tnals were extrapolated to 
an enttre agroecologtcal reg1on and to agroecologtcally 
stmtlar regtons where no d1agnosttc tnals had been 
conducted Multt seasonal on farm data were usad We 
assume the seasons were representat1ve and tndtcatlve of 
futura trends Teng (1987) d1scusses some of the assump 
t1ons and hmttattons of the mult1 regresston models In 
thts study correlat1ons for tndtvtdual dtseases on the re 
gtonal leve! were often above P = O 05 and the reg1onal 
model tor the Mayaga was only Slgn1f1cant at P = O 33 
Nevertheless we cons1der the assumpt1ons and extrapo 
lallons made are JUSIIftable constdenng the IOQISttcal dtf 
ftculty of the work and stmtlar assumpttons by most other 
~nvest1gators worktng en crop loss assessment 
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Management of common bean d1seases by farmers 1n the Central Afncan 
H1ghlands 

(Keywords d ge ous la me k owledge IPM bea d seases system d ag ost es Af can G eat Lakes) 

P TRUTMANNt§ J VOssn and J FAIRHEAD;II 

tCentro Internacional de Agncultura Trop1cal (CIA T) Apartado Aereo 6713 Cal/ Colornb1a 
tUmverS/Iy of London London UK 

Abstract. Fanne s ma agement of bean d1seases the G eat 
Lakes eg o of Al ca was est gated from both phytopatho 
1og1cal and a th opolog cal perspect es Local e op p otect o 
strateg es we e basad o m e ocl mate reg lato ge et e d e 
s ty a d sa tal o M e ocl mate manageme t ol ed sel 
t vely teg at g u me o s g onom e pract ces depe d ng on 
the s te a d co d t o s The st ateg es cluded ma pulat ng 
sow g de sty a d tme of sowng choca of sol use of a et s 
var ety a d spec es m xtu es fo spec fe co d t o s fol age red e 
t o stak g a d select e weed g Dec s o mak ng fle b 1 ty 
was essent al to the ettect e ess of local m e oc! mate ma age 
ment strateg es Res sta t a et es we a lable n local m 
tu es and were ma aged by farme s through ntervent on and 
nat ral select o the 1 eld A umbe f sa tat o methods 
were used such as emo al of deb s f om 1 elds at harvest but 
the alue by farme s e op p otect on was less ecog zed 
lmp o eme ts to local plant p otect o should be poss bl 
th ough the de elopment of tech olog es wh eh educe losses n 
plant de sty mpo e cop essta ce to an whle mantanng 
ge etc a ab hty a d mp o e seed health a d by ed cat g 
farmers the base p nc pies of pla t pathology wh le e su g 
the part e pat o the de elopment of technolog es dest ed 
lo the ag oecosystems The a tho s emphas e the mporta e 
of de elop ng technolog es lo fa me s wh eh do ot dec ease 
e st ng manag ment fle lb 1 ty 

1 lntroductton 

Around 70 1 ot the world peor engage 1n subststence 
agnculture (Todaro 1977) That such farmers have rarely 
beneftted from avatlable technologtcal advances 1s a ma1or 
concern for nat1onal and mternat1onal agncultural re 
search tnstltutes (Moreno 1985) Technologtes mtended 
for these farmers have often not been adoptad or have 
fatled mostly because the research was conducted w1th 
out adequate cons1derat1on of farmers own knowledge 
and pract1ces Recently a real1zat1on has emerged of the 
1mportance of usmg tndtgenous knowledge as a founda 
t1on for change ( Rau 1991 ) 

Considerable knowledge has been collected 1n agncul 
ture by anthropologtsts about farmer knowledge Farmers 
appear to know much aboul the1r crops (Benlley 1989) 
an1mals (Hunn 1977) so1l (Conkhn 1954) flora (Conkhn 
1954 Berl1n et al 1974) less about 1nsects (Wynman and 

Ba1ley 1964 Alt1en 1984 Benlley 1989) and httle of plan! 

d1seases (Benlley 1989 1990 1991) A ma¡or resource on 

tnformatton of dtsease management 1n tradtttonal systems 
has recently been pubhshed whtch tllustrates the extst 
ence of stmtlar technologtes 1n d1fferent ages cultures 
and geography (Thurston 1992) Cunously few detallad 
studtes are ava1lable about plant d1sease management by 
subs1stence farmers 

As part of a reg1onal research effort 1n the Great Lakes 
regton of Atnca te flnd technologtes to mcrease pro 
duct1v11y of beans (Phaseo/us vulgans L ) th1s study a1med 
to understand local dtsease management 1n the context of 
a parallel study on farmer percept1ons of plant dtsease to 
determme hkely areas where 1mprovements could be made 
to local systems of plant protect1on Although we empha 
s1ze phytopatholog1cal 1ssues general aspects of crop 
protect1on 1mportant to farmers are also d1scussed 

1 1 Context 

Beans are the most 1mportant protem source 1n the Great 
Lakes regton whtch encompasses Burund1 Rwanda the 
Ktvu regton of Za1re the West Lake dtstnct of Tanzama 
and the K1gez1 dtstnct of Uganda Average per cap1ta 
consumpt1on 1s over 40 kg per year (ISAR 1987) wh1ch 1s 
the htghest 1n the world Farmers overwhelmtngly grow 
beans as vanetal mixtures Women are responstble for the 
maJonty of food crop culttvatton tasks espectally of beans 
(Voss 1992) Bean y1elds average between 700 and 900 
kg/ha D1seases and pests are 1mportant productton con 

stratnts '" the reg1on D1sease control 1n d1agnost1c tnals 
~ncreased y1elds by 300-450 kg/ha (ISABU 1986 Trut 

mann and Gral 1993 Pynd¡1 1987) The most 1mportant 
dtseases on farm were angular leaf spot (Phae01sanops1s 

gnseola (Sacc ) Ferrans) phoma bl1ghl (Phoma ex1gua var 
d vers spora (Desm) Boerema) anthracnose (Colleto 
tnchum lmdemuth1anum (Sacc & Magnus) Bnos1 & Fer 
rans) floury leal spot (Mycovellos1ella phaseo/1 (Drum 
mond) Detghton) and root rots assoc1ated ma1nly wtth 
Fusanum oxysporum f sp phaseoli Kendnck & Snyder 
lnsects espectally beanfly (Oph1omy1a spencerella Great 
head) hm1ted product1on on average by 150-250 kg/ha 

§ P ese t add ess Departme t of Pla t Pathology 334 Pla t Se ence B Id g e m IJ u s ty lth ca NY 14853 5908 USA 
~ P esent add ess lntemat anal De elopme t Res ea eh Ce te PO Bo 8500 onawa O ta o K 1 S 4SI Ca a da 
11 P ese t add ess Natu al Aeso ces 1 st t t Ce t 1 A e Chatham Ma 1 me Ke t ME4 4TB UK 

0967-Q874 93 S O 00 0 993 T yl dF C1 Ud 
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2 Mater1als and methods 

2 1 Farmer mterVIews 

In 1984-5 a formal agncultural productton survey was 
conducted around Ruhengen tn the volcantc regton of 
northern Rwanda and backed by a smaller tnformal survey 

around Butare 1n the central plateau Usmg a standard 
questtonnatre 120 Ruhengen farmers selected at random 
were asked what characters they constdered most tmpor 
tant 1n selecttng a new vanety thetr reasons for usmg 
vanetal mtxtures and methods used to test new vanettes 
for thetr mtxtures 

In 1987 a 20 month study was conducted 1n Bwtsha a 
Zatnan vlllage near the Rwandan bordar These farmers 
were constdered to have the same cultural base as those tn 

Rwanda Burund1 and lhe K1gez1 dislncl of Uganda lnfor 
matton en farmer management practrces to protect crops 
from the effects of rarn was obtarned usrng partrcrpant 
observatron and was complementad by structured rnter 
vrews and group drscussrons rn the vrllage once local 
themes rn crop protectron had been assessed Regular 
feedback belween the phytopatholog1st and the anthro 
pologrst enabled the latter to probe farmers technrques 
comprehensrvely Two months of repeated structured 
group drscussrons were also conducted rn srx drfferent 
vrllages rn the vrcrnrty of the study vrllage at altrtudes 
belween 1000 and 2000 m The groups cons1s1ed of s1x 
people (three women and three men) who were locally 
regarded as good farmers 

2 2 Expenmental 

2 2 1 RelatJon of ptant denSIIy lo plant d1sease and 

msect damage On the Zarre-Nrle drvrde statron of 
Gaseny1 (2000 m) on low fert1hty ac1d1c s01ls pH 4 1 O m2 

plots were sown rn an equally spaced non lrnear pattern 
as practrsed by farmers at a rate of 5 x 1 O plants ha The 
plots were rephcated frve lrmes usrng a randomrzed block 
des1gn Plant losses dunng the September to January and 
Apnl to July seasons were measured usrng four measure 
ments wrth a O 25 m quadrant Al harvest total planl 
number per plot was counled 

2 2 2 Effect of stakmg cl!mbmg beans on follar d1s 

ease seventy To measure the effectrveness of stakrng 
on drsease development 2 5 m plots were sown wrth frve 
rows of the clrmbrng varrety Grsenyr 2 brs at 2 x 1 O plants 
ha Beans were grown wrth or wrlhout support Treat 
ments were rephcated frve trmes usrng a random block 
desrgn The rnner three rows were evaluated for drsease at 
grarnfrll The trral data were analysed usrng a two way 
analys1s of vanance (ANOVA) 

2 2 3 DetermmatJon ot anthracnose resJstance m local 
modures Twenty varretal mrxtures were collected from 
farmers rn each of two regrons of Rwanda the Mayaga 
(1400-1500 m) and the Za~re N1le watershed (1800-2000 
m) To estrmate the composrtron of the mrxtures of the 
drfferent regrons equal quantrtres of mrxtures from each 

regron were mrxed In the resultrng mrxture the drfferent 
varretres as measured by colour seed shape and srze were 
separated and noted Three seeds of each varrety {Adams 
and Martrn 1988} were sown rn a screen house rn 20 cm 
clay pots frlled wrth forest sorl Control pots consrslrng of 
two anthracnose susceptrble varretres (Shrkashrke and 
Rubona 5) were placed alter every frve treatment pots to 
measure the evenness of rnfectron To evaluate the 
varretres lar resrstance anthracnose suspensrons of 1 x 
1 O spores mi 1 of a mrxture of local e lmdemulhtanum 
strarns obtarned from heavrly rnfected pods collected on 
farm rn each regron were sprayed on varretres from the 
same regron at the prrmary leal stage of growth In lhrs 
manner componenls ot each mrxture were exposed only 
to e lmdemuth1anum races from the agro ecologrcal 
regron of colleclron Alter rnoculatron plants were 
covered wrlh plasbc bags for 7 days Varrelles were evalu 
ated lar anthracnose alter 14 days usrng percentage sur 
face area ~nfected adapted from CIAT ( 1987) 

2 2 4 Farmer seed selecl10n practJces Mrxtures of 
bean seed from 50 farms across three agro ecologrcal 
zonas the Zarre-Nrle Crest Central Plateau and Mayaga 
were collected whrle farmers were sowrng Farmers were 
asked to classrfy the freid accordrng lo fertrhty Frve krnds 
of mrxtures were selected ( 1) unsorted beans drrectly 
from storage (2) seed sorted for sowrng on fertrle ground 
(3) seed sorted for ¡nfert1le so1l and (4) seed reJected for 
sowrng On stalron seed was vrsually evaluated for dark 
lesrons whrch were used as rndrcators of the presence of 
seed borne 1nfectron {Trutmann and Kayrlare 1991) To 
measure what changas had occurred durrng seed sortrng 
seed for sowrng was comparad wrth stored and reJected 
seed Grarn srze was evaluated by passrng seed through a 
sreve whrch retarned larga grarned seed Seed was also 
evaluated for less preferred black and preferred yellow 
grarn colour In addrtron rn an rnformal survey women 
were asked how they selected seed for sowrng 

2 2 5 Fteld samtat1on at harvest Thrs rnformallon 
was obtarned rnformally through on farm observatton of 
farmers dunng the harvest and pre harvest penods rn 
Rwanda Burundr and lhe Krvu regton of Zatre 

3 Results 

3 1 M1crocflmate 

Farmers purposefully regulated the crop mrcrochmate 
1n flelds of vary1ng fert1hty s01l type slope and f1eld 
aspect dependrng on the morsture rrsk by managrng lhe 
planl archttecture crop assocratrons weedrng sowrng 
densrty sowtng dates and stakrng densrty Farmers men 
tronad they usually sowed a freid at a unrform densrty each 
season and rf there was too much rarn prcked off the 
leaves of the beans to enable hght to penetrate between 
plants The optrons avarlable lo farmers and the dynamtc 
natura of decrstons for mrcrochmate management are 
presentad rn Frgure 1 Flextbrhty was central lo the 
farmers crop protectron and rrsk reductron strategy 
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Opt10ns to reduce 
danger to the crop 

Htgh lerttilty select lteld lerttilty Low lerttilly 

sow tn hot land sowm cold SOII 

Danger ti sow vanettes less Danger ti 
too much prone lo guluru too much 

ram sun 

guluru too Too ilttle 

much vegetat10n vegetatton 

sow d Itere t space co 1 gu al 
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Wtth treatments 

1-- Op!Jons ti problem ---- Wtth treatments 
lower humtdtty contmues htgher humtdtly 

F19 F rm rop m oc/m t m g me t ho es n tertl nd t rtle soll 

3 1 1 Sowmg dens1ty and conflgurat1on A generally 
held pnnctple denved from local concepts of plant health 
was that bush beans not sown tn the same hale should 
not touch each other Stmtlarly chmbmg beans on one 
stake should not touch plants on other stakes In condt 

tlons where plants were hkely to do well and grow largar 
they were etther sown further apart or other condtttons 
were alterad such as sow~ng the crop later 

Seed was sown not 1n hne but 1n an eqwd1stant panern 
The seeds were placad e1ther s~ngly or 1n pa1rs w1th1n the 

same hale Apart from sav1ng time th1s sow1ng conf1gura 
t1on max1m1zed the d1stance between the plant umts 1n 
d1fferent hales Sow1ng s1m1lar dens1t1es 1n rows wh1ch 
was prometed by the local extens1on serv1ces causad 
greater contact of the plants w1th1n rows 

Prevent~ng plants from touchmg was cons1dered most 
1mportant 1n damp and fert1le cond1t1ons when each plant 
tended to grow largar and reqwred more 1nd1v1dual space 
lf cond1t1ons were less fert1le 11 was cons1dered wrong to 
reduce the plant dens1ty due to reduct1ons 1n y1eld Plant 
numbers could be estabhshed by chang1ng the sow~ng 

conf•gurat1on Two seeds were sown per hale but the 
hales were w1der apart Thus two plants became a umt 

Farmers also vaned the conf1gurat1on of stak1ng to 
changa the sow~ng dens1ty for chmb1ng beans to manage 

the danger of gufura a cond1tlon when plants are 1n 
danger of touch1ng due to excess v1gour For example 
where the crop was v1gorous fewer and taller stakes were 

u sed 
The strateg1es used by farmers are pert~nent as many 

pathogens ~nfect hosts more read1ly through wounds 

denved from phys1cal contact and leaf contact prometes 
pathogen spread From a sc1entlf1c standpo1nt practicas 

wh1ch m1n1m1ze 1nfect1on s1tes through wound~ng are 
accepted d1sease avo1dance pract1ces (Paltl 1981) and 
those wh1ch max1m1ze d1stance between susceptible 
t1ssue are beheved to encourage wastage of pathogen 
tnoculum (Wolfe 1985) 

Farmers used sow~ng dens1ty flex1bly They sowed more 
densely 1n less fert1le so1l where each plant took up less 
space and 1f seed quahty was peor W1th1n a g1ven f1eld 
farmers sowed more densely the greater the est1mated 
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weed pressure More seed was sown 1n badly preparad 

f1elds or was hkely to provtda a hosttle envtronment to the 
growtng plants (e g beanfly pressure) Great 1mportance 

was attached to dectstons concermng sowtng denstty and 
conformat1on hence sowtng was otten a spec1ahst s task 

g1ven to the law people who were regarded as good 
1udges of tha relat1onsh1p between f1elds and vanet1es and 

eh mates 
Observat1ons of on farm plant dens1t1es supported 

comments made by farmers 1n the study v1llage D1fferent1al 
sowtng ratas were used 1n d1fferent reg1ons and seasons 

On the peor solls of the Za1re-NIIe d1v1de farmers 
sowed 3-3 5 x 1 O and 4 5-6 x 1 O plants ha 1n the 

September and Apnl season respecttvely (Trutmann and 
Gral unpubllshed) In the fert1le northern Rwandan h1gh 

lands dens1t1es el 3 5-4 5 x 1 O plants ha were found 1n 
both seasons (Paul 1987) S1m1lar dens1t1es were the rule 
1n the volcamc Goma reg1on of K1vu 1n Za1re S1gmflcant 

reduct1ons were observad over the growtng season 1n 
plant dens1ty of beans 1n the Za1re-N1Ie d1v1de rangtng 

between 33/ and 55/ (F1gure 2) Substanllal reduct1ons 
tn plant denstty were also observad 1n other agro 

ecolog1cal zones (Trutmann et al 1992) Protect1on of 
plants by seed treatments agamst beanfly and seed borne 

dtseases 1ncreased plant survtval SIQnlftcantly (Trutmann 
et al 1992) Root rots were severa 1n a number of regtons tn 
Rwanda mcludtng the Zatre-N1Ie d1v1de and were assoct 

ated w1th reduced plant denstt1es and wtth SIQntflcant y1eld 
losses (Trutmann and Gral 1993) 1t was ev1dent that h1gh 

sow1ng denstty used by the farmer was 1n part a response te 
severa pathogen and arthropod pest pressure 

Fg 20trmpftdetyhg mm b d g 
th so th Z NI d d 
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3 1 2 Moundmg and ndgmg Technolog1es wh1ch 

reduced beanfly damage were usad 1n sorne regtons 

Farmers mounded so1l around the base of stems at flrst 
weedtng and mulched the sotl leavtng the roots tn a hum1d 

env1ronment wh1ch protected tnfected roots from des1c 

cat1on The effect1veness ol local methods was supported 

by results from a tnal wh1ch showed that moundtng sotl 
dtd not SIQnlflcantly reduce the beanfly seventy but tn 

creased (P = O 05) plant surv1val by 41 1 (Table 1) 

Ra1sed beds were used tn htgh ly1ng more ferttle vol 
cante regtons They prevented roots from becomtng 

waterlogged dunng frequent heavy ratns and may have 

served to reduce the 1nc1dence el root rots part1cularly 

those caused by Oomycetes (Lozano and Terry 1976) and 
Rhzoctoma (P1eczarka and Lorbeer 1974) 

3 1 3 Defolfat10n Chmb1ng bean leaves were re 
moved to regulate the effects of ratn Leaves whtch d1d not 

protect flowers from ratn or touch netghbounng plants 
and lush green mature leaves were taken from the m1ddle 

level of the plant at flowenng and dunng weed1ng Farmers 
beheved leal removal reduced shade at the m1d level of 

the crop wh1ch prometed flower product1on not only on 
the upper plant /evels wh1ch tncreased yteld and reduced 

pod rol Leal removal also prevented leaves touch1ng 
other plants and chmb1ng up netghbounng stakes 

A recurnng theme was the tmportance farmers placad 

on the control of flowersetttng and development Protect 
1ng flowers was baste to crop protect1on from the farmer s 
potnt of vtew Flowers were constdered to be an tnd1cator 

through whtch a multttude of dtvergent 1nfluences on 
plan! growth could be relatad to y1eld 

3 1 4 Stakmg A feature ol chmbtng beans was that 
th&¡ are culttvated predomtnantly on ferttle so1ls 1n the 

h1ghlands where dtsease pressure ts htgh Staked chmb 
1ng beans usually suffered less from d1sease than bush 
beans even though there was no ev1dence that they were 

tnnately less susceptible to faltar dtseases The effect1ve 
ness of stak1ng as a dtsease escape mechantsm was 
tllustrated tn a tnal where stakmg stgntftcantly (P = O OS) 

reduced levels of the 1mportant d1seases anthracnose 

and phoma bltght tn companson to unstaked plants 
(Tabla 2) 

3 1 5 Weedmg Patterns of weedtng vaned accord 
1ng to alt1tude and reg1on In Bw1sha at lower altttudes 
where bush beans predommated ene weedtng was 
essenttal and a second ene nearer harvest was opt1onal 

d g 1 le 1 poi lh 

dph m bltght 

p t ge rl ted 

e 11 1 m thod A g la le 1 poi A th a Ph m blght 

No 1 k g 13 8 82 62 

St k g 10 8 3 Ob 34b 

Fg S m wlh the m In d ot dffe g tly 1 p = o 05 g 

lys 
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Table 2 Ettect of mo ndng sol aro d seedlng t ms Egh 1984) The maJor assoc1a110ns w1th beans mclude 
o be fly e e ty nd PI t s rv ' ma1ze sweet pota toes and banana However farmers 

T tme t 

N tmo ded 
M dd 

Bea fly se ty 

72 

68 

PI rv al 

(pi ts ha ) 

108670 

153330b 

Fg 

9 

col m s wth th m lene do t dft 
tlyatP=OOS g alys sol 

Each weedmg had spec1flc ObJectlves The flrst around 
flowenng was cons1dered to reduce weed compet111on 
and to prov1de a mulch of decay1ng vegetat1on whose 
rap1d decompos1tton was beheved to provtde a source of 
nutnents to the crop and prevented the so1l trom dry1ng 
should the season end early Weed1ng also opened up the 
crop facthtat1ng more rap1d drymg dunng wet weather 
and the mulch prevented so11 splash However the only 
concern for so1l splash was when plants turned yellow and 
developed holes 1t was beheved ra1nlall splashed so1l 
onto the plants wh1ch then d1ed There was no clear 
assoc1at1on by farmers between ra1n splash and spread of 
rotttng IISSUe 

When the crop began to npen farmers recogn1zed two 
alternativa courses of events The f~rst was the steady 
t1mely and good dry1ng out ol the crop as the crop 
matured The second was a raptd putrefactton ¡f the crop 
matured poorly The latter was common 1f npemng was 
delayed when the crop was over v1gorous The second 
weedmg at pod 1111 encouraged npenmg 
c~rculat1on and accord1ng to farmers 
from promotmg decay 

by promot1ng a1r 
prevented dew 

There was a reluctance by farmers to pull out plants 

although farmers '" certam reg1ons d1d remove w1lted 
seedl1ngs wh1ch suffered from root rots or beanfly These 
w1lted plants were left on the ground along w1th pnmary 
leaves of the rest of the crop and weeds wh1ch were 
removed dunng weedmg 

3 1 6 T1mmg In Bw1sha beanfly was seen to be a 
problem 1n later sow1ngs Beanfly was termed the worm 1n 

the root and 11 was cons1dered espec1ally a problem of 
late planted bush beans The 1ncreased seventy ol beanlly 
attack on beans tn late plantad beans was conf~rmed by 
Gasana (1988) 

Farmers changed vanet1es accordmg to the season In 
Bw1sha dunng the long ra1ny season ra1n res1stant 
vanet1es were sown and those wtth gufura were sown 
later Dunng the shorter ramy season more v1gorous and 
h1gher y1eld1ng vanet1es were used Because of the d1f 
ferent seasonal reqUtrements or poss1blht1es farmers 
often preferred d1fferent vanelles for each season 

3 2 Host res1stance and crop d1vers1ty 

3 2 1 Assoc1al1ons Although beans are often grown 
1n monoculture of m1xed vanetles assoc1al10n of spec1es 
1s a common pract1ce 1n the Great Lakes reg1on (Jones and 

made l1ttle reference to the use of assoc1at1ons 1n crop 
pro1ect1on w1th excep11on of banana-bean assoc1at1ons 
to protect beans agamst drought 

3 2 2 Vanetal m1xtures In northern Awanda 96 1 ot 

farmers preferred grow1ng m1xtures over s1ngle vanet1es 
and 671 d1d so lor y1eld stab1hty and 61 1 exclus1vely or 
also for h1gher y1eld Farmers also cons1dered ram toler 
ance lo be one of the most 1mportant entena for vanetal 

select1on (Table 3) Clearly a ma¡or element '" the overall 
plant prolect1on strategy was the use of plant genet1c 
d1verstty 1n the form of vanetal m1xtures 

Jusi as farmers were aware of the 1mportance of regulal 
1ng the crop m1crochmate through cultural techmques 
lhe same was true for the~r understand1ng and descnpt1on 
of select1on of archtteclural tra1ts wh1ch enabled plants to 
better res1st the eHects ot ra1n However farmers were 
unable to express lhe methods used 1n select1on ot 
vanetles w1th phys1olog1cal res1stance to d1sease lt was 
unclear whether farmers selected for res1stance to ma1or 
dtseases Consequently to obta~n th1s ~nformat1on we 
rel1ed on d~rect evaluat1on of local germplasm to oblatn 
1nformat1on S1m1larly to obtam 1nformat on on methods 
used by farmers lo select germplasm res1stanl to local 
d1seases we rehed on d~rect observaban of the way 
farmers man1pulated mixture components 1n newly colon 
1zed areas 

Farmers consc1ously selected vanet1es for ra1n loler 
anca usmg pnnc1pally plant arch1tecture and plants wh1ch 
tolerated the eHects of ra1n Mixtures of chmb~ng beans 
were selected to ~nclude vanet1es wh1ch chmbed vtgor 
ously to protect hke umbrellas the flowers of less pre 
coc1ous vanet1es For bush vanetles res1stance to heavy 
ramfall was part1ally understood accord1ng to the plant s 
growth pattern One vanety S1mama was cons1dered very 
res1stant to ra1n 1ts name meant stand up wh1ch reflectad 
1ts growth hab1t The planl continuad to rema1n erect 
rather than lodge even when laden w1lh pods Vanet1es 
wh1ch weakened 1n the stem or lodged befare npemng 
were less res1s1ant to ra1n as they touched the ground and 
1f they were harvested late rotted 1n lhe f1eld much faster 

T bl 3 8 /y h les mpo 

t t r frmes whe select g aet s to 
m t e 

Att b te lmport ces 
(m m m 100) 

Y Id 92 
A t 1 85 
o o ghll t 76 
E t g q lty 60 
St g p ght 48 
SI bl ty 36 
F t cook g 31 
G b q lty 29 
l f q lty 20 
G ol 6 
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Farmers also salected vanetles for thetr mtxtures wtth 
phystologtcal reststance to dtseases However the selec 
tton of phystologtcal reststance was not consctously sep 
arated by farmers from other characters whtch enabled 
plants to tolerate or escape the effects of ram lt became 
clear from a study that farmers tn dtffarant ragtons selected 
phystologtcally reststant vanettes Local mtxtures from 
both h1gh and med1um alt1tudes had substantlal propor 
ttons of vanettes completely reststant to local pathotypes 
of C lmdemuthJanum (Table 4) In both agro ecolog1cal 
regtons 35-40o/ of mtxture components were completely 
res•stant (no symptoms) to local strams of e lmde 
muth1anum However tn regtons lass favourable to 
anthracnose development completely reststant vanettes 
occupted only 16 1 ot the mtxtures whereas tn htgher 
altttudes whtch were more conductve to the dtsease they 
made up 25 1 of the bean mtxturas a 56 1 tncrease These 
results suggest that a relat1vely h1gh proport1on of 
vanettes tn mtxtures were reststant to local races of e 
lmdemuth1anum and that farmers selected mtxtures wtth 
htgher proportlons of reststant vanettes tn regtons where 
condtttons were htghly favourable to eolletotnchum 
acttvtty 

Observatlons between 1984 and 1988 showed 1hat m1x 

tures were selected by farmers tn two baste ways In 
estabhshed areas as tn northern Rwanda the compost 
llon of most mtxtures was generally flnely tunad and 
farmer preference was more evtdent Most farmers were 
reluctant to add new vanettes to thetr estabhshed mtxtures 
and 78 1 ftrst testad new vanettes m dtffarent parts of the 
farm to see where they could best ftt befare they were 
added to a mtxture In new areas of setllement such as the 
Bugasera (Ctshabayo personal communtcatton) and the 
Zatre-Ntle dtvtde farmers were not parttcular about 
vanettes Farmers repeatedly added any avatlable vanety 
or mtxlure to thetr mtxtures and harvestad seed from the 
survtvors In thts way ustng a process of natural selectton 
farmers appeared to select the fttlest plants and mtxtures 
for thetr spectftc envtronment 

3 3 Samtat10n 

3 3 1 Seed select1on and management Farmers 
selected seed pnnc1pally 1mmed1ately before sow1ng 
although sorne farmers selected seed for sowmg gradually 
up lo the ttme of sowmg whtle prepanng beans for cook 
tng In a survey of farmers seed stock befare and after 
sortmg seed wtth lestons representad 19 51 ol the tntltal 

T ble 4 S se ptblty of loe 1 be mxt re compo t from two ltt de Rwand t local 
p th types fC 1 d m th m 

Seed typ S rtace a t bea pi 1 1 m May 9 lh z e NI 
D d affect d by th ac o t 

P mary Second ry M ya9 (1500 m) za NI D de (200m) 
colo col 

O 'Y 1 5kt 10% O 'Y 1-5/ * IO'Y 

Whl 1 ed 1 ge 00 26 00 
Whl 2 ed la<g 1 8 00 00 
Whl 3 bl k m d m 1 o 3 1 00 
Whte4 black med m 00 09 04 
Whte5 bl k md m 00 1 3 00 
Whte6 bl k m 11 1 3 1 3 00 
Yellow 1 (da k) 1 g 37 74 00 00 44 00 
Yellow 2 bl ck la<g 00 67 DO 00 10 9 00 
Yellow 3 (lghl) med m 23 23 DO 40 00 00 
Y llow4 (lghl) med m 00 26 7 00 00 13 DO 
Yllw5 bl k m d m 00 17 8 00 
B w 1 la 9e 65 13 2 00 00 35 00 
B w 2 med m 00 1 8 00 
Brow 3 (d k) md m 00 1 8 00 
p k 1 med m 00 58 00 
Red 1 m d m 00 1 7 00 
M 1 1 g 00 1 7 DO 57 114 00 
Bl k1 m d m 39 00 00 10 6 00 DO 
G ay 1 bl k 1 g DO 1 8 18 
G y2 m d m 00 101 DO 
G ay3 m d m 04 09 00 
M ed 1 m dll 00 62 00 00 96 00 

S motmxt mpo ls 164 837 00 24 8 72 5 22 
S m fcont ls 00 100 o 00 00 92 2 78 

tM xt e compo eh eg w psed ly 1 e 1 d m th m coll ct d lh 
m g 

tNB 1 5% 1 rt a ea lected by e dem th n m (9 e ally 1 1 S petl 1m) 
lly ca se 11 p of la 9 a ea 1 1 S ppl ed by th ffected 1 system d 

eg ded q 1 se 1 1 
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stock 12 5 1 of sow<ng seed and 25 5 1 of re¡ected seed 
Jt suggested farmers reduced seed borne palhogen 
1noculum by manag1ng the seed To selecl seed farmers 
scruttntzed the h1lum area of the beans whtch was not 
allowed to be blemtshed less attentton was gtven to other 
areas of the seed Blemtshed small or tmperfect seed was 
used for sowrng only when msutftctent seed was avatlable 

In many areas d1fferent vanetal mtxtures were preferred 
for each of the two seasons For the longar wet season 

vanettes had to be more reststant to ram than those usad 
dunng the shorter wet season In htghland areas har 

vested seed from the September season could be stored 
lhroughoul lhe March season and planltd dunng next 
season and vtce versa Farmers stated that seed stored 
for a season was more producttve In lowland areas such 
long term storage was tmposstble because of htgher 
temperaturas whtch prometed bruch1ds and reduced 
seed v1ab1hly Seed would be stored 1n lhe ground a smatt 
amount of seed from the September season was sown 1n 
March and 1ts haiVest was seed for September once 
more Many farmers could not matntatn these preferred 
systems The agncultural suiVey 1n the Auhengen area 
showed that 1n lhe h1ghland area 43 1 ol farmers slored 
seed 1-3 months 30 1 for 4-6 months and 27 1 longar 
Only hall lhe farmers slored seed between grow1ng 
seasons 

3 3 2 Rotat1ons The advanlages of alternalmg 
crops or crop vanetles were clear to farmers The ben 
eftts 1n the study v1llage were largely sean 1n terms of 
fert1hty However fert1hty was recogmzed from the y1eld 
and an 1mportant tnfluence on the y1eld was d1sease After 
a poor crop of beans farmers would say that the ground 
was poor for beans Sotl poverty was relatad lo spectftc 
crops Thus although poor for beans lhe f1eld m1ghl wett 
have been good for sorghum or even m1llet Or 11 may 
have been good for a dtfferent vanety or mtxture of beans 
1n whrch case bean vanet1es could be rotated Crop rota 
t1ons m the stnct sense were rara as assoc1ated cropp1ng 
was the rule lt was often the dommance of crops 1n a f1eld 
that shrfted In many areas beans were rarely absent from 
a fleld 

3 3 3 F1eld samtat1on and selectlon at harvest Far 
mers preferred early matunng vanetles and haiVested 
early In do1ng so they removed planls from lhe fleld lo 
homesteads Bean debns 1n Zatre was burned but recently 
by law 1n Awanda 1t now has lo be composted wh1ch 1s 
often done 1nefftctently F1elds were left unt1l the onset of 
the next ramy season and were preparad tw1ce by hoe1ng 
when ava1lable compost was added 

4 Dlscusslon 

Farmers 1n the central Afncan h1ghlands had a hohst1c 
v1ew of crop protect1on They usad an elaborate array of 
methods to manage plant d1sease wh1ch often were not 
posstble to separata from general plant protect1on strat 
eg1es These 1ncluded management of mo1sture v1gour 
genet1c dtverstty d1sease res1stance and samtat1on The 

dtsease management strateg1es were preventat1ve 1n 
natura rather than curat1ve and reflect local percepttons 
of d1sease (Trulmann Voss and Fa~rhead unpubl1shed) 
Collect1vely these strateg1es form a powerful and 1n 
legraled crop prolecl1on slralegy 

Management of mtcrochmate and fert1hty was an essen 
t1al element 1n farmer crop protecllon and nsk avotdance 
strateg1es Farmers combmed strateg1es 1n d1fferent so1l 
types fert1hty and f1eld aspecls and chma11c condtt1ons 
through a dynam1c and flextble use of sowtng conf1gura 
11on plant dens1ty moundmg and ndgmg defohat1on 
stak1ng weedmg t1me of sow1ng and harvest and plant 
arch1tecture These were comb1ned w1th phys1olog1cal 
res1stance lo d1seases 1nter and 1ntra spec1f1c d1vers1ty 
and san1tary practicas Clearly flex1b1hty 1n d1sease man 
agement chotees was cntlcal to farmers and new lech 
nolog1es should not restnct these 

The 1mportance to farmers of genet1c d1vers1ty was 
ev1dent Many crop assoc1at1ons have been reportad tn the 
reg1on (Jones and Egh 1984) Vanous assoc1at1ons are 
known to mfluence d1sease seventy For example bean
malze assoc1at1ons reduced the seventy of a number of 
bean d1seases (Moreno 1977 van Aheenen etal 1981) In 
add1t1on vanetal m1xtures were preferred by farmers be 
cause they prov1ded be«er y1eld and be«er stab1hty than 
1nd1v1dual vanetles In a reg1on where control of d1seases 
on average 1ncreased bean yteld by 501 (Trutmann and 
Graf 1993) farmer preference for vanetal m1xtures can be 
atlnbuted m part to the umque effect of vanetal mixtures 
wh1ch reduces dtsease spread cons1derably relativa to the 
mean of lhe m1xture components prov1ded lhe campo 
nenls d1ffer 1n lhe1r suscepl1b1hly (Wolfe 1985) F~rstly 

tnals 1n Tanzama have shown that less d1sease developed 
1n vanetal mixtures than tn pure vanet1es (Lytmo and Ten 
1984) Secondly res1stance and vanab1hty 1n res1stance to 
d1seases was found 1n local m1xtures as a proport1on of 
bean mtxlure components testad were completely res1s 
tanl to local stralnS of e lmdemuthlanum 

The proport1on of the m1xture wh1ch res1stant vanettes 
occup1ed was greater where cond1t1ons tor anthracnose 
were more favourable Th1s suggests farmers pass1vely 
mampulated the proportton whtch res1stant vanet1es 
occupy 1n m1xtures 1n any g1ven envtronment We found 
farmers pnnc1pally usad natural selectton to obtam h1gher 
levels of res1stance 1n mixtures by tmttally addmg any 
vanety ava1lable to a fteld and haiVesttng the seed of 
surv1vors They also acttvely selected aga1nst blem1shed 
seed In estabhshed areas farmers were more conseiVa 
t1ve about chang1ng the compos111on but testad new 
germplasm 1n d1fferent locat1ons on farm to determ1ne tts 
adaptat1on befare addtng 1t to a m1xture lnterest1ngty 
sorne of lhese methods reflect recent th1nk1ng about 
select1on pract1ces lo obta1n bread based res1stance to 
d1seases 

Farmers used a number of san1tatton pract1ces wh1ch 
have been assoc1ated w1th dtsease control These 1ncluded 
reJectton of seed blem1shed around the hJium area rota 
t1ons (becom1ng less common) removal of plants from the 
f1eld early harvest and composllng of f1eld debns The 
area of post harvest pract1ces would beneftt from further 
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study to elaborate farmer knowledge lt ts evtdent tmprove 

ments could be made to the local san~tatton practicas For 

example better phytosan~tary constderattons could re 

duce the seventy of seed borne dtseases (Trutmann and 

Kay1tare 1991 Trutmann el al 1992) beUer compost1ng 

techntques could ensure more thorough ehmtnatton of 

pathogen tnoculum and mnovabve uses of composts and 

thetr products to control could be usad by farmers to 

prophylac11cally control many d1seases (H0111nk and Fahy 

1986 Weltz1en 1990) 

Although clearly much yteld was sttll lost from dtseases 

ustng tradtllonal crop protectton strategtes {Trutmann 

and Gral 1993) and tmprovements are needed to reduce 

yteld losses there ts a need for senous constderatton of 

the ways new technologtes would tmpact relattvely tune 

ttonal management systems Research and extenston 

strategres should take tnto account that htgh levels ot 

reststance were avatlable on farm at least tor anthracnose 

and probably for other dtseases that there was local 

preference for mtxtures that there ts mounttng evtdence 

of advantages of mtxtures for yteld stabthty and dtsease 

control and that presently avatlable management opttons 

to farmers should not be reduced Mechantcal apphcatron 

of strd.tegtes whtch dtsplace local vanetal mtxtures wtth 

stngle vanettes by nattonal programmes and lnternattonal 

Agncultural Research Centres should be dtscouraged 

Germplasm dtsplacement strategtes tf conttnued are 

ltkely to lead to more eroston of local genettc dtverstty of 

beans as tn Kenya Tanzan1a and Uganda and wtll prob 

ably resull 1n decreased y1eld slab1hly 

The tarmers focus of attentton on the envtronment as 

the cause of plant death and thetr consctous mantpula 

lton of the envtronment to protect thetr crops have servad 

them well Nevertheless ti ts evtdent that they would 

beneftt trom many tmprovements to reduce the tmpact 

of dtsease on crop productton A number of potenttal 

tmprovements have been menboned tn passtng Posstbly 

lhe grealesl 1mpacl of all would be made by educa11on 

The empowerment of farmers wtth knowledge about plant 

dtseases pathogen ecology and eptdemtology alone 

would enable farmers to constder other approaches to 

crop protectron complementary to those whtch they 

already use Because crop management and body man 

agement ts seen tn stmtlar or tdenttcal tdtoms such educa 

lton could usefully be ltnked to human health educaban 

programmes or vtce versa 

lt tS dtfftcult to oblatn prectse knowledge about farmers 

prachces On farm expenmentatton ts costly and pro 

vtdes only hmtted tnstght tnto farmers practtces Ltke all 

strangers researchers tnevttably plug tnto the pohte 

soctal tdtoms when dtscusstng agnculture wtth local 

farmers Although there ts much that can be denved trom 

dtscussmg tn these soctally easy terms much ts mtssed 

Part of lhe problem 1s lhal local knowledge 1s relal1vely 

unformulated and for thts reason ti ts dtfftcult to access lt 
ts also a farmer s problem There ts no forum no tnsttlu 

ttonaltzatton that could lead to the pooltng exchange 

and local assessment of thts knowledge Consequently 

farmers are torced to be tnqutstttve and tnnovattve but 

beneflctal tdeas of ene farmer are often not extended to 

other farms lmprovtng farmtng does not ¡ust tnvolve 

offenng farmers new tnformatton but tt can also tnvolve 

gtvtng farmers more conftdence to follow thetr own tntt1a 

t1ves and 1nvolvtng them tn the research process 

We have demonstrated the use by local farmers tn the 

central Afncan htghlands of vanous dtsease management 

strateg1es 1t 1s noteworthy that many methods descnbed 

here have also been descnbed tn other tradtltonal 

soctet1es {Thurston 1992) For example mantpulat1on of 

plant dens1ty was common tn anctent Aztec soc1ettes 

(Ciav1gero 1974) and 1s used 1n soulheasl As1a (Harwood 

1979) sow1ng 11me 1S used by Mex1can farmers (W1Iken 

1987) seed selec11on 1s pracllsed by North Dakola lnd1ans 

(WIIson 1987) ratsed beds occur 1n Afnca (Harwood and 

Plucknett 1981) mult1ple cropptng ts also commonly 

used 1n soulh Amenca (K~rkby el al 1980) and vanelal 

m1xtures are usad 1n Afnca and Amanea {Ciawson 1985) 

Ev1dentty many local plant protectton methods are not 

stte spectftc or umque to farmers tn the central Afncan 

h1ghlands but part of a host of practtces that are or were 

used tn communtttes dependent on tradtt1onal methods of 

agnculture What may be untque ts the spectftc context or 

dynamtc way tn wh1ch local plant protectton methods are 

used and tn thts case the tnterrelattonshtp of plant protec 

lton strategtes w1th local percepttons of human health 

Hence although there appear to be sorne general s1mtlar 

tites between reg1ons and cultures 1n methods used 

to protect crops the results presentad here cannot be 

seen as a substttute for workmg and communtcattng wtth 

farmers 

Acknowledgements 

The aulhors lhank Ep1phane Mukaremera (ISAR) E 

Kay11are (ISAR) Bealnce Nlabomvura (ISAR) Jean Dama 

cene (ISAR) W Gral and Dr LoUise Sperhng (CIAT) 

J M V Ndamage (PAK) J Habakw1zera (FSIP) K1bututu 

(CEDER U) and lo C1toyen N1y11egaka Rw1yereha (CEDERU) 

for the1r techn1cal asststance and Dr Dav1d Thurston 

(Cornell Un1vers1ty) Fa~rhead s sludy was funded by lhe 

Econom1c and Soctal Research Counctl of Great Bntatn 

References 

t tru t 1 be ADAMS M W 

L d 
d MAATIN G B 1988 G 

M 1 w 1 G te Res re 1 Ph B s 
(P G pt Ed) A d m P bl h (O d Cht Bo t 

L do Kl we) pp 355 374 

ALTIEAI M A 1984 D S llo d t tég p 1 m CJO d 

plagsp mpe bád lcomttd 

1 CJRPON-Re st d In e llg ó 2 152 164 

BENTLEYJW 1989Whtf m sd tkw thlpthmth 

SI gth d w k SS f ndg tech e 1 k wledg 

H d asAg lt dHm VI 6 25 31 

BENTLEY J W 1990 Co oc m 1 y pemt potá d 

mpesoshod ñ b lm m rt M¡ llegado 
d PI g 

BENTLEY J 

H d 

BEALIN B 

T lt 1 

17 16 26 

w 1991 Q h 1 p pi 

b medades del fr 1 1 y 

16 131 137 

BREEDLOVE D E a d AA VEN P H 

PI 1 Cl 1 lo A 1 d 1 

d mp s S 

1 lt 1 1 

1974 p pi 
lh b 1 



342 

th og aphy of a M y speak g peopt 
(N w Y rk Acad m P S ) 

f hghl d 

P Trutm 

h p 

CIAT 1987 Standa d System fo the E al t n of Bea Germplasm 

1 mpt S) (C 1 

T p 11 

(A S hoo ho d M A P t Co 
e lomba e 1 o 1 t a 

CLAVIGERO F J 1974 H to 
(M Cty Edt 1 P 

1 d Ag lt 

tg d M co(M e 

CLAWSON O L 1985 H rv t ty d t pacte d 

1 ad t 1 t op 1 g lt e Eco om 8 t y 39 56 67 
CONKUN H 1954 A eth oecotog cal pp eh t h ft g 

1 o T to s ot th N w Y k A demy f S 
133-142 

Ed 1 

ty 

lt 

17 

GASANA G 1988 Et d b 
(Oph10mya sp) 
1 n Th u 

Rw d 

té N 

logq e de 1 m 
Importa ce de deg t 

to 1 d Rw d F 

h d hacot 

tm y d 
tté dAgo 

m 

HARWOOD A R 1979 Sm 11 F rm O lopm t Und t d g 

and lmpro ng F m g Systems th H mtd T pes Bo tde 
CO W t wPess 

HARWOOD A A a d PLUCKNETT O L 1981 V g t 

t m 1 Vegetabl F rm g Sy tem Ch (D 

H L Bteeme J Eds) (Bo Id CO W tv w P 

ble ppgy 

LPtck ttad 
) pp 45-118 

HOITINK H A J d FAHY P C 1986 B f th t 1 1 so 1 
b pi t pathoge wth mp t An 1 R w ot Phyto 

pthlgy24 93114 

HUNN E S t9n T elt 1 Folk Zoology Th Cl fte t o f D co 

t t N t (N w YorK Academ P ss) 

ISABU 1986 Rapport A 1 Phyt path 1 g BP 795 B 1 mb 

B ru d 
ISAR 1987 Sy these de la eche che gro omq e co s d 25 

deme es an ées 1962 1987 BP 138 B t e Rw da 

JONES W 1 d EGLI A 1984 Fa m g systems Afr Th G t 

Hghl d f Za e Rwa da a d B ru d World Ba k teeh al 

p p No 27 

KIRKBY A GALLEGOS P a d eORNieK T 1980 M t log p el 

de rol/ de tech olog a ag cola ap p d p peq s 
podto p dlpytoQmgPp 

E d E d M t d Ag ti yG d 
LOZANO J e d TEAAY E A 1976 e d s d the 

t 1 1 IDRC P oceed g ot th 4th Symp m 

SOCJety f T op 1 Root erop (Ottaw e d IDRe) 

LYIMO H F d TERI J M 1984 EHect f b lt 

d ety dy Id 1 Workhop B 

T (A M ¡ s d M Selem Eds) Sok 

F lty lAg 11 POB 3005M g T 
MORENO A A 1977 Elect d di t t m d 

d d d 1 m h g 1 d f 1 1 (Ph eol 

sadp lsap geoiS Agnm e 

139 42 

mt 

R se 
u 

lt 

lg 
1 mq 

MORENO A A 1985 PI t p th logy th m 11 f m 

A 1 R ew f Phytop th 1 gy 23 491-512 
PALTI J 1981 e lt 1 P d 1 tect e p D 

(B rl -H d lbe g-N w Y k Sp 9 V 1 9) 

1 lh 

so 
h 

ty 

b 

L 1 

1 1 

tal 

PAUL K B 1987 A S mm ry otO t m T ls S so 1986 8 
F m g Sy t m lmp o em t P Jecl BP 625 K gal Rw d 

PIEeZAAKA K J d LOABEER J W 1974 C t ol f b tt m t of 

1 tt by dg g a d t gcde appl Plato Re 
p rt 58 837 840 

PYNDJI M M 1987 P rt de A d m t d h cot p 
Ph pss g eol 1 a t p thog s folaes d la 

9 d Gad La 1 Sm a lsmalad 1 1 

R g S des p pal eult V dAfnq e t 1 

B J mb 16 20 F bru ry 1987 IAAZIISABU (W ge 9 
CTA P bl al o s d S rv A9 ole N 15) 

AAU 8 1991 Peopl k wl dg to dat h g Fom 
F ttoFme Off 1 e dgss 

Af S food C S (Z d 8o k ) pp 145-164 

THUASTON H D 1992 S t ble practc 

m gmet tadt 1 f m g ystm 

P d IBH P bl sh 9) 

TODAAO M P 1977 E om D 1 pm t 
(Ld Lgm) 

med s to 

to pi t dse se 
(0 f d w tv w 

lh ThdWrld 

TAUTMANN P d GAAF W 1993 Th mp t t p thog d 

rth podp mm be pod t Rw d lt 
ro !Jo lofP tM geme t 39 328 333 

TRUTMANN P d KAYITARE E 1991 Ose se e tola d sm 

m ltpl pi 1 mp d q Jty d m JI f rme dry 

b y Id e t IAt Jo 1 fAppledSedProdcton 
9 36 40 

TRUTMANN P PAUL K B d eiSHABAYO O 1992 Seed t 

m t yldlfm fldb 

h9hl d th gh m ltpl d 

eopPot to 11458464 

m 1 th 

d be fly 

tal 

1 1 

VAN RHEENEN H A HASSELBACH O E d MUIGAI S G S 1981 

Th ff t 19 ow 9 b t 9th wth m th d 
fbe dse e 

ogy 87 193 199 

dp ts Ntherlad J mi fPI tPthol 

VOSS J 1992 Co ,.. g 

1 1 
d g fa m ge te d eSJty 

1 me m 9 m lbe mxt es et IAI 1 

O tyFrm K wledg 
Eds) (lth 

d S t blty (J L Moock nd 

R E Ah d L do Co 11 U rsty P ) 
pp 34 51 

WELTZIEN H C 1990 Ad 

pthog th 9h frm Id 

g m Ptds dA/t 

b 

g 
g 1 00 1 11 g 1 1 

sbstats d m 
es 1 t 

nd 8olog al Appo hes t P te troJ (J E e 
Ch m 1 

d Ed 1 

(Amst dam El ) pp 467 476 
WJLKEN G C 1987 Good F m rs T dt 1 Ag 

o Mnagm t Meco dC t !Am 

CA U ty 1 C 11 P 

ft 1 R 

(B k 1 y 

WILSON G L 1987 B ff 1 8 d Wom G d Ag 1t f th 

H d r 1 d (SI Pa 1 MN M ta H t 1 S e ety P ess) 

WOLFE M 1985 Th t t t s d pospeets of m 111 e d 
ty m t A 1 R w ot Phyt pathology 23 251-273 

WYNMAN L C d BAILEY F L 1964 N h 1 d Eth oe to 
mology (Aib q q U ty 1 N w M co P ) 





Local Knowledge and Farmer Percept10ns of Bean D1seases 
m the Central Afncan H1ghlands 

Pe ter Trurmann Joach1m Voss and James Fmrhead 

P•ter Trutrnann 1s a Plan! Patholog•st and J:xecuhve Manager of the Sw1ss Center for Internahonal Agr1culture 
w1th an 1nterest 1n 1ntegrabng soctal dimens1ons mto tbe development of plant protecbon technologies atmed at 
1mprovmg the performance of Jnd•genous agncultural systems 

Joach•rn Voss 1s a Soc1al Anthropolog•st and Director of the Sustamable Produchon Systerns Prograrn at the 
Internahonal Developrnent Research Centre Ottawa Canada 

Jamu Fa1rhead 1s a Soc1al Anthropolog1st at the School of Or1ental and Afr~can Stud1es Umvers1ty of London 
Lngland wtth an mterest tn Jnd1genous knowledge and management of the envtronment 

ABSTRACT Celllral Afncan h1ghland [armers perceprwns o[ common bean d1sease were mvest•gated usmg both 
pilyroparhology and anthropolog•ca/ rechmques Farmers rare/y menrwned d1seases as productwn constramrs m 
formal quesrwnnmres More part•c•parory research slwwedfarmers o[ten relared d1sease symptoms ro the effectsofram 
and sml deplerwn[or [unga/ d1seases orto vanetaltralls [or bean common mosmc v~rus Ram or mmsture 1s diVIded 
mro nurnerous [orms through wh1ch 11 can damage planrs borh phys1cal/y and through putre[acrwn Mosr condawns 
assocwred W1th purre[acrwn appear ro be lmked ro pathogens Farmers have an understandmg ofplanr health c/osely 
relared ro the1r concepr o[ human hea/th In planrs th1s understandmg •s based on rhe pnor srare o[ plant hea/th 
Conceptual/y local diSease managemenr srrateglfs are based on prevenrwn by managmg rhe condllwns that promore 
good plant ilea/th rarher than by rreallng d1sease syrnptoms Inrerventwn srrareg¡es that b111/d on local knowledge are 
encouraged 

Introductlon 
Around 40o/ of agnculturalland 1s culllvated by farm 
ers who use tecbmques broadly cbaractenzed as tra 
dllwnal (Wellhausen 1970) Most of these farmers 
have benefited httle from avallable technolog1cal ad 
vanceo;; The frulure to rcach such fanners reprcsenLS a 
maJar concern for nal!onal and mternal!onal agncul 
tural research mslltutes (Moreno 1985) Tecbnologtes 
devcloped for these farmers frequently bave not been 
adopted or have fa1led w1th negallve soc1al canse 
qucnces mostly because the researcb was conducted 
WllhOUI adequate parl!Clpal!On Of farmers and Wlth 
httle con.,derauon of farmers own knowledge prac 
tices needs and destre~ 

The purposeoftb1s study was lo mvesugate farmer 
knowlcdge and management ofbean d1seases as partof 
a regiOnal research effort m the Great Lakes reg10n of 
Afnca to find ways to mercase productlvlly of beans 
(Phaseo/us vulgariS L) The Ob]ecuve was to mcorpo 
rate farmLr knowledgc mto tbe rescarcb proccss and 
thereby promote development of appropnate tecb 
nolog•es and strateg1es to •mprovc local systems of 
plant protecuon The study was carncd out by Centro 
InternaciOnal de Agncultural Trop1cal (CIA n as part 
of 1ts global mandate to 1mprove the productiVIIy and 
qual1ty of beans for resource poor farmers The study 
was supported by tbe nauonal agncultural research 
programs of R wanda and Zaue 
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• armer knowledge 
A numberof soc1al antbropolog1sts ha ve descnbed 

tbe Iog1c and complexlly of vanous systems of md1g 
enous agncultural knowledge and have argued for 1ts 
mcorporauon mto agncultural research and develop 
ment programs (Brokensba et al 1980 R1chards 
1985) Research approacbes are evolvmg tbat beuer 
mtegrate farmers needs sk1Ils and percepuons wuh 
tbose of researcbers by acuvely workmg w1tb farmers 
botb m setung tbe researcb agenda and developmg 
appropnate technolog1es (Ashby et al 1987 Sperhng 
I 992) As a result of tb1s process researcbers begm 10 
understand farmers ways of tbmkmg and crop man 
agement and tbus better apprecmte tbe skllls and com 
plex1ues of local agnculture (Goodell et al I 990) 

Cunously htUe researcb has been conducted mto 
md1genous plant d1sease knowledge altbougb plant 
patbolog1sts such as Thurston (1992) have noted 

trad111onal farrner knowledge 1s often 1mpress1vely 
broad and comprehens1ve Farmers should be able to 
prov1de substanual mforrnauon about local d1scascs 
and perbaps about ways of 1rnprovmg d1sease manage 
menl A few stud1es have documented farmer s per 
cepuons of d1sease (Huapaya et al 1982 Bentley 
1989 I 991) However to date no systemauc m forma 
uon 1s avrulable tbat exphc1tly descnbes md1genous 
plan! d1sease knowledge m Afnca and 1ts role m 
1mprovmg plant protecuon and crop y1elds 

lnterest m md1genous knowledge has recently 
undergone a maJar rev1val Severa! centers for re 
search on md1genous knowledge bave been estab 
hsbed m botb developed and developmg countr1es and 
atleast one Jo urna! 1s ded1cated exphcaly to tbe sub 
Ject (The Ind1genous Knowledge Momtor) Atleast m 
tbe Afncan context lh1s 1s not enurely new The 
Afncan Husbandman (Allan 1965) for example 1s 
based on mterd1sc1phnary fleld researcb carned out by 
ecolog1sts agronom1sts s01l sc1enusts and antbro 
polog1sts m Z1mbabwe m tbe !940s In spue of 1ts 
regreuable absence of gender analys1s tb1s work long 
ago played an 1mportant role m debunkmg tbc mytb of 

pnm111veness m Afncan agnculture tbrougb 1ts de 
llllled descnptmn of tbe complexlly and mgcnUJty of 
problem sol vmg found m Afncan farmmg systems 
Where 11 fell sbort was m not recogmzmg tbe 1mpor 
lance of women s knowledge and broader gender m 
th1s regard 

In tbe contemporary context at least two maJar 
1ssues ha ve added consulerable passmn to lhe debate 
Tbe flrst has todo wah tbe relauonsb1p between farmer 
knowledge and sc•enuflc researcb (EyzagUJrre 
1992) Much of lh1s relates 10 exammmg lhe val1dlly 
and ullhty of local knowledge as a bas1s for develop 
ment At1ts bes t. tbe reverse questmn 1 e tbat of lhe 
val1dlly and uuhty of sc•ent1f1C knowledge ID the local 
context1s also part of tbe problemauc The oncntauon 
of th1s paper 1s pnmar1ly m these terrns 

2 

The second set of 1ssucs 1s concerned w1lh lhe 
pohucal economy of md1genous knowledge Tbey 
dcal pnmar•lY wah appropnatmn ofknowledge by lhe 
more powcrful sc1enuflc ortbodoxy for as own 
hcgcmomcends (Cashman 1991 O Bnen and Flora 
1992) and 1ts expropnauon by commerc•al mterests 
tbrough northern b•ased systems of mtellectual prop 
ertynghts(BelcherandHawtiD 1991 NrurandKumar 
1993) Tb1s 1s an cspecmlly •mportant 1ssue wben 
deahng w1lh areas of knowledge w1lh considerable 
profit potenual such as med•cmal plants and geneuc 
resources Allhough th1s 1s a cruc1al1ssue for develop 
mg country farmers 11 1s not very gerrnane lo tb1s 
particular study because 1) lhe CIAT Bean Program 
hadan exphc•t low agncultural mput pb1losophy m 1ts 
researcb for farmers wbo generally could not afford 
externa! mputs such as ferllhzer and pesUc•des (N1ckcl 
1987) 2) for a var1ety of reasons mcludmg lhc fact 
tbat beans are self pollmaung lhere IS httle commer 
c1al mtercst m bean seed and 3) lhe focus of lhe 
researcb was on d1scase management and farmer pro 
duced seed 

Tbe pnnc1pal approacb taken ID lhe on farm re 
search part of lhe pro)ect may best be descnbed as 
Paruc1patory Rural I:xpenmentauon (PRE) Th1s was 
complemented by d•agnost•c surveys and mforrna1 
d1scuss1ons There 1s no doubt tbat wben farmers and 
rescarchcrs conduct JOmt expenments and enter mto 
extended and repeated d1scuss1ons about them the 
power and wealth rests d1sproporuonately w1th re 
searchcrs Tbe quest10n thus becomes toward what 
ends researchers employ therr means- to the benefll 
of the farmcrs w1th whom they work orto the1r own or 
otber externa! agenc1es gam? It 1s also clear that local 
farmers are far from powerless As James Scott and 
Tbeodor Shanm ha ve convmcmgly shown (Scott 1985 
Shanm 1971) they have local knowledge numbers 
expenence language and most 1mportantly tbe re 
fusa! to cooperate on the1r s1de' It 1s rather •romc that 
many of the same autbors who extol the vmues of 
peasant knowledge do not credlt them Wlth the capac 
1ty to deal effecuvely w1th m1rUs1ve obnoxmus or 
cxplmtallve outs•ders In our ex penen ce workmg suc 
cessfully w1th farmers requrres both respect and rec1 
proc•ty wb1ch m eludes a frur exchange of mforrnauon 
In such an exchange 11 •s 1mportant to recogmze that 
botb local and sc•enllfic knowledge bave tberr strengtbs 
and weakne.ses and that tbe relauonshlp IS most frmt 
fui whcn both learn from each othcr Ult•mately a 
tendeucy too ver romanuc1ze e1tber md1gcnous knowl 
edge or world sc1ence by 1ts proponents would be self 
defeatmg because cnucs and expencnce w11l always 
find gaps and errors m any knowledge systcm The 
htstory of Wcstem sctence 1s a case m pomt 

Context 
Tbe general charactenst•cs of Afncan bean crop 
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pmg systems have been recen U y rev1ewed by Allen el 
al ( 1989) Beans are !he mos!lmportant proteiD so urce 
ID !he Great Lakes regmn Average consumpuon per 
cap1ta 1s over40 kg peryear (ISAR 1987) wb1ch 1s !he 
h1gbest m !he world Beans consutute 50 o/ ofRwanda s 
protem and 25% of lls carbobydrate producuon (CIA T 
1984) Farmers predommanUy grow beans as var1etal 
m1xtures wh1ch natmnally y1eld between 700 and 900 
kgba 1 Accordmg to Voss (1992) 96o/ of farmers ID 
Rwanda prefer to grow vanetal mtxtures Women are 
respons1ble for !he ma)onty of food crop cult1vauon 
tasks espectally of beans 

D1seases are an 1mportant producuon constramt 
D1sease control m nauonal on farm d1agnosuc tr1als 
IDcreased y1elds by 450 500 kgha 1 (Truunann and 
Graf 1993) Tbe most 1mportant d1seases were angular 
leaf spot (Phae01sanops1s gnseola (Sacc) Ferrarts) 
phoma bhght (Phoma ex1gua var ex•gua (Desm) 
Boerema) anthracnose ( Collelornchum lmdemulhwnum 
(Sacc & Magnus) Bnos• & Ferrans) floury leaf spot 
(MycovelloSiella phaseo/1 (Drummond) Detghton) and 
root rots assoc1ated mamly wtth Fusanum oxysporum 
f sp phaseoh Kendnck & Snyder lnsects espectally 
beanfly (Ophwmyw spencerella Greathead) hrruted 
producuon on average by 150 250 kgha 1 

Mater1als And Methods 
In 1984 85 an agncultural productmn survey was con 
ducted around Ruhengen ID !he volcan1c regwn of 
northem Rwanda and backed by a smaller mforrnal 
survey around Butare ID !he central plateau The alffi 
was to focus sc1enust attenuon on problems 1denllfted 
as pnont1es by farmers and to d1scem farmer prefcr 
ences ID bean types morder to onent !he bean breedmg 
program Usmg a standard quesuonnaue 120 
Ruhengen farmers selected at random were asked to 
rank thetr maJor producuon constramts and vanetaJ 
selectmn entena ID order of llllportance The formal 
survey also asked farmers wbether !bey tned new 
var1et1es and whether they ftrst tr1ed new vaneues 
alone or dtrecUy ID thetr mixture 

In 1986 a survey was conducted around 8 u tare ID 

lhe central plateau The atm was lo deterrniDe 1f farm 
ers recogmzed common bean d1seases and therr causes 
A random sarnple of ten women farmers was shown 
p1ctures of sorne local bean dtseases asked whether 
lhey bad seen lhe phenomenon and asked to descnbe 
!he cause The ptctures of dtseases used were !hose of 
angular leaf spot phoma (Ascochyta) bhght and bean 
common mosatc vtrus (BCMV) 

In 1987 a twenty monlhs m SIIU study was con 
ducted by a soc1al anlhropolog1st trruned ID agnculture 
and locallanguages ID Bwtsba a Kmyarwanda speak 
mg vtllage m the KtvuregmnofZatrenearlhe Rwandan 
bordee The rum was based on tnforrnauon obtamed ID 

earher stud1es to explore farmer perceptwn and man 
agement ofbean dtseases m more deplh These farrners 

Trulmann el al Local knowledge of bean d1seases 

are constdered to havc !he sarne cultural base as !hose 
ID Rwanda Burund1 and the K1gez1 dtstrtctofUganda 
Inforrnatmn was obtaiDed USIDg paruc1pant observa 
tmn and was complemented by structured mterv1ews 
and group dtscusstons ID !he vtllage once local themes 
m crop protecuon bad been assessed Regular feed 
back between !he phytopathologtst and am.bropologtst 
enabled !he latter to probe farmers techmques com 
prehens1vely Later two months ofrepeated structured 
group d1scussmns were also conducted ID 6 d1fferent 
v1llagcs ID !he v1cmtty of !he study v11lage at altitudes 
between 1000 and 2000 m Each group cons1sted of 6 
key mforrnants- 3 women and 3 men - wbo were 
locally regarded as parttcularly knowledgeable farm 
ers 

Results 
In !he 1984 85 study that evaluated bean producuon 
constramts msects drought and excess ram were the 
maJor constrrunts hsted by farmers (Table 1) Almost 
no farmer menuoned dtseases as an 1mportant con 
stratnt Wben asked tf you see a dead plant what 
caused 11 65o/ of farmers answered sun 37% ram 
40o/ tnsects ?o/ poor so1l and only 2o/ ment10ned 
d1sease The prescnce of a drought duriDg !he survey tS 
hkely to ha ve mfluenced farmers responses siDce thts 
led to an plague of aph1ds However tt also showed 
that problems su eh as excess raiD lhat were prevalen! 
10 other seasons were not forgotten There 1s Vlrtually 
no use of pest1c1des or fungtctdes on beans w1th !he 
excepuon of a very few farmers wbo use pesuc1dcs 
prov•ded for coffee to control storage pests However 
m !he reg10n fungtctde 1s avatlable and wtdely used to 
control late bhght on potatoes whtch fetch b1gh pnces 
at !he market 

T bl l Farmer ranking of the mo t lmport nt b an 
produ tion onstra10ts in th volcani regioo nd th 

ntral pi t u of Rwanda 

e nstramt 

1 s ts 
Drougbt 
Exsrm 
Lack of 1 nd 
Lack of m nure 
L bor sbortag 

Farmer ra kmg 
(m x1mum s ore lOO) 

91 
84 
73 
65 
60 
25 

In !he 1986 survey usmg photograpbs of d1sease 
and pest symptoms no farmers recogmzed symptoms 
of spectftc d•seases Of lhe farmers mtervtewed m lh1s 
way all constdered anlhracnose to be caused by !he 
rrun sorne related pboma bhghtto ram or msects and 
angular leaf spot to exhausted s01l All constdered 
BCMV symptoms to be a vanetal trall rather than an 
a•lmcnt It was concluded that farmers do not perce1ve 
d1seases as d1sUnct enuues ralher lhey relate dtsease 
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symptoms to the effects of ram depleted sml or 
vanetal tratts The relauon of angular lcaf spot to 
exhausted sotl also suggest~ apprectatmn of the rela 
ttOnshtp between conunuous croppmg and certam dts 
ease symptoms 

The 1987 study showed that farmers percetve 
varmus forms ofmo"ture as causmg damage to plants 
Not all m vol ve mteractton wtth pathogens (Table 2) 
Farmers descnbe damage as bemg caused both me 
chamcally and due to putrefacuon the process of 
rottmg Mtcrochmaucfeaturesoframfall dew andalf 
humtdtty are constdered to be closely mterrelated m 
thetr effect on plant health havmg both postttve and 
negauve charactensucs Farmers recogmzed that thetr 
pracuces to manage mtcrochmate were assoctated wtth 
sorne dtsease symptoms 

Mmsture damages plant~ phystcally m the form of 

Table 2 Farmer classiOcatlon ofram and it s ffect on 
the croo 
Type of ram Type of damage 

As hall Mecbamcal 

As ram Me bamcal 

Asdew Mechamcal 

As surface Mechamcal 
flow 

As stagnant Putrefacllon 
water 

As atr Putrefactlon 
butrudtty 

As SOl\ Putref act10n 

bumJdlly 

As sub urface Putrefactton 
flow 

Effect on the crop 

lt destroys the 
crop mecbant ally 

It phystcally kno ks 
off flowers 

lt loase s flowers so 
that ra.J.n or a person 
can more eastly 
knock tben off 

It carnes away 

tbe plants and 
the good s01l 

lt ktlls the plants 

It rots tbe plants 
(Petrúaclton) 
It rots the parts of 
plants that touch tbe 
ground 

lt cools th roots 
so th t they rot 

brul rrun surface flow or when dew forms mstde 
flowers (mu uruyange) whtcb malees the flowers frag 
tle and lunp (koroha) (Table 2) Wben tt ram~ flowers 
etther fall off (kugwa) or are trreparably damaged 
(kuzambya) Farmers espectally dtshke ram dunng tbe 
mght or early mommg at flowermg when flowers are 
already fragtle from dew It ts also con'!dercd bad to 
weed at flowenng wbtle plants are wet At htgher 
allltudes wbere ramfall and dew are greater farmer.; 
sow la ter to promote flowenng (kuyunga) at the begm 
nmg of tbe dry season To prevent dew damaged 
nowe~ from droppmg farmers ~pace the plants so that 
they do not toucb and dtslodge the flower. 

Mo .. ture ts observed as putrefacuon ID the forro of 
htgh rur bumtdtty wet ~otl oras stagnant water wbtcb 
cau~es raptd rottmg (kubora) Root rots ID the regton 
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sotl are often assoctated wtth F orysporum f sp 
plraseolt Wetsmlts also thought to rot plant parts tbat 
louch tl- espectally tbe pods Thts ts one reason why 
most farmers ID htgh ramfall areas do not hke vaneues 
that sprawl on the ground Stagnant water often occurs 
ID poorly drruned valleys and remforces the localtdea 
that water can ktll beans Farmers also observe that 
water remrumng on tbe leaf s surface wtll damage ti 
The local analysts ts that stagnant water cools the 
roots and when on the fohage cools tbe leaves 
Kubora the verb to rot also means to be soaked to the 
bone to cool and to have had enough lt connotes 
beiDg susceptible to tllness for people as well as for 
plants 

Not all vtllagers have the same explanauons for 
the ongms of plant necrosts but a common vtew ts 
quoted by one vtllager when plants are sown too 
close logetber the leaves (tbtbabt) meet and toucb 
(kwegerana) so tbe water rests on the lea ves wtthout 
falhng to the ground the plants begm to rol As a 
consequence the farmer preferred to sow vanettes 
wttb ~mallleaves m humtd places smce tbe sun could 
better penetrate the canopy and the water wou Id e vapo 
rate more qmckly Equally tbey weed tbe crop to dry 
the vegetatton by allowiDg m hght and wmd Sorne 
farmers synchromze planung to avmd putrefactton 
They say crops sown ID proxtmlly to otber already 
large crops are affected by the odor from older 
plants whtcb prevents them from growiDg and yteld 
IDg well e ven tf they are sown on a ferttle field and at 
an otberwtse rea~onable ume In sctenttftc terms tbe 
explanatlon would be that pests and dtseases bave had 
ttme to develop on the more mature plants whtch then 
IDfect tbe newly planted crop at a much earher stage 
and mucb more severely tban would be tbe case wtth 
synchronous plantmg It ts notewortby that tbe tmpor 
tance of syncbronous plantiDg ts recogmzed ID many 
parts of tbe troptcal world and ts often enshriDed ID 
agncultural ntuals offir~t plantlng by htghly respected 
or rehgmusly powerful mdtvtduals 

rarmer percepuons concemiDg crop death and 
chmce of vartettes are related to local evaluatlons of 
human healtb Mu¡ynya (1969) defiDes ubtlZ!ma as 
bealth the vttal pr1Dctple thanks to whtch the 
hviDg phystcally develop and reproduce Healtb ts 
not dtrectly contrasted to tllness Vtllagers have ways 
to evaluate thetr ~tate of healtb and tf tl ts bad then a 
natural result may be lo become tll An IDdtcator of the 
state of healtb of tbe human body ts tbe amount of 

blood (ama raso) avrulable lf tbere ts too httle (amaraso 
make) then one becomes weak dtzzy and susceptible 
to tllness lf one has to mucb (amaraso mensht) then 
one becomes ten~e gets headaches and ts also hkely 
to falltll The same tdmm ts u~ed for plants lf plants 
have too hUle sap (amazt make) they wtll not grow 
~trongly be uncompettttve wttb weeds and yteld poorly 
lf plants ha ve too much sap they become over ex 



tended (gufura) and hable to putrefy and y1eld poorly 
Hard (dner saple~s) lea ves do not rol as fast as lush 

ones The 1d10ms for understandmg the health ofpeople 
and crops are hnked by the use of a concept adopted 
from Westem med1cme rvltamrn /vrtamm Js lhe 
teno u~ed both for sml and body nutnents /vllamrn 
1s a concept used today but has replaced a s1m1lar 
concept of v1gor but w1th d1fferent social connotauon 
than u sed ID the past (rrurhead 1994) The more there 
IS the more sap or blood there w11l be Wben people 
falllow ID blood they go to the local pararnediC wbo 
prov1des v1tarn1D B 12 for exarnple or they eat certrun 
foods nch m 1vUarnm such as meats most bean var1et 
1es m1lk sugar palm 011 and m11let Cassava m 
contras\ IS recogmzed as havmg httle Conver.ely 
beadaches caused by bavmg too mucb blood can be 
treated by blood letung For plants too mucb IVItarnm 

m the smlleads to too mucb sap and to over extenswn 
(harashy1she guler gufura) too httle leads to com 
pell u ve weakness 

Gufura the state ofhaviDg too much sap or beiDg 
overheated " cons1dered darnagiDg for severa! rea 
~00~ rlf~lly ll enCOIIf1gC~ IC1VC~ !O IOUCh ~cWndly 
toquote a farmer plants w1th gulura malure laler as 
u1akcs longer for the extra sap to go to lhe ~ced Therc 
1s too much sap and not enough plant so the lea ves and 
the pods d1e a~ 1f one had pourcd bo1l1Dg water over 
tbem The plant ha• overbeated rather than been 
over cooled as descnbed earher Th1rdly chmbmg 
beans m a state of gufura often grow from the1r stake 
to olher plant~ closmg the canopy Consequenlly the 
hum1d1ty mcreases on lower parts of plants due to 
decreased hgbt penelrauon and arr movement Th1s 
reduces the numbers of successful llowers m lower 
plant parts The tendency to gufura 1s hnked to 
var1ety Var1e11es that are more hkely to gufura are 
more sens1uve to h1gh fert1hty and rrun A d1shked 
feature of sorne 1mproved var1et1es 1s the1r tendency 
to gufura Farmers w1th var1et1es prone to gufura 
(v1gorous) prefer to sow them m dner and less ferllle 
cond1t10ns lo control thelf growth (e g they are sown 
later or on hard clay smls) Nonetheless 1f v1gorous 
var1e11es are grown ID fert1le conduwns other mea 
sures are avallable to m111gate the potenllal damage 
such as sowmg at reduced dens1ues parllally defohat 
mg the plant~ ( gusoroma ) or altenng the •takmg 
densuy and he1ght Gufura 1s an IDlportant prmc1ple 
m the local assessment and cho1ce of bean vaneues 

Di~CU51UOD 

In the Great Lakes regwn fanoers d1d not recogmze 
d1seases as md1v1dual ent1t1es Jet alone as bemg caused 
by hvmg orgamsms Responses to whether or not they 
bad d1sease problems m lhelf crop were overwbelm 
mgly negauve To a farmer a too v1gorous crop w1th 
too much ~ap was su•cepuble to ram wh1ch resulted m 
putrefacuon dunng penod• of h1gh hum1d1ty D1sease 

management was mtegrated mto crop protecuon as a 
whole rarmers placed more value on avmdmg cond1 
uons that lead to d1sease (pnor state of health) tban on 
the d1seases themselves (Trutrnann el al 1 993) Elabo 
rate crop management strateg1es revolved around regu 
laung the state of health Farmers d1sease manage 
ment strateg1es were based on preventmg rather than 
cunng d1sease 

Farmers clearly have no concept of the bwlog1cal 
causes of md1v1dual d1seases wb1cb m med1cal sc1 
ence IS based on the geno tbeory (Kocb 1876) G1ven 
th" llm1tauon many of thelf deductwns from observa 
uons are accurate They recogmzed symptoms of a 
number of 1mportant d1seases as assoc1ated wub fonos 
ofrrun sml feruhty or vanetaltrruts Althougb BCMV 
symptoms are not a var1etal tra1t they may be very 
common causmg leaf ussue of certam susceptible 
var1et1es to tum var1ous shades of green Angular leaf 
spot 1s often more pronounced on plants m mferule 
SOIIS Dlseases caused by e lrndemulhwnum and p 
ex1gua var extgua become prevalen! under b1gb bu 
m1d1ty condl\lons assoc1ated w1th ram and cause soft 
rol~ The 1rnpor11nce of hmmdlly for the IDfcclmn 
process and consequenlly for paras111sm and plan! 
nccros1s" well documenled m plant pathology Mms 
ture levels ID the fohosphere and lbe durauon of leaf 
wetness are bas1c elements that mlluence lhe develop 
ment of many leaf and frmt pathogens (Palt1 1981) 
Farmers by thmkmg througb lhelf observauons m 
tbetr own cultural1d10ms bave developed funcuonal 
explanatmns forputrefacuon These explanauons fono 
tbe bas1s for local pracuces lo manage plant d1seases 
(Trutrnann el al 1993) 

Th1s sa1d 111s ev1dent from other stud1es that the 
md1genous d1sease management system could defi 
mtely be 1D1proved Mulu seasonal mult1 regwnal 
on farm d1agnosuc tr1als md1cate that bean y1eld losses 
due to d1seases remam around 49 So/ of actual y1eld 
(Trutrnann and Graf 1993) To retam perspecllve 
plots or fields tbat do not use trad1t10nal pracuces (e g 
umvanetal stands) often become totally destroyed by 
d1sease part1cularly 1f the same var1ety 1s used over 
seasons Populauon pressure m the regmn 1s arnong the 
h1gbest m Afnca ;md the need for more producuv1ty 
from the land 1s clearly recogmzed by farmers 

The mfonoatmn obtamed from farmer• suggests 
that preventauve rather than curauve d1sease man 
agement approacbes would be more compatible w1th 
local pracuces and conceptual frameworks Such ap 
proacbes are also env1ronmentally more sustamable 
and more cost effecuve (prevenuon vs cure) How 
ever tbey are also more knowledge mtens1ve Pesu 
c1des are already ava1!able but as yet httle used on 
beans Tbe1r avrulab1hty may be changmg local atu 
tudes to d1sease management as suggested by the local 
narne for fung1c1des umnu w trnvura or med1cme 
agamst the ram We beheve that promotmg strateg1es 
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tbat encourage butldmg on present knowledge systems 
would dtscourage butldmg up a dependency on exog 
enous mputs 

lo plan! protecuon educatton that combmes tradt 
uonal knowledge wtth dtsease tdenttftcauon baste 
pnnctples of eptdemtology and etmlogy of dtseases 
and management strategtes would be potenually use 
fui In our expenence eptdemmlogtcal pnnctples of 
dtseases are not understood by farmers For example 
nowhere m the regton dtd fanners remove dtsease 
mfected plants from thetr fields - yet thts ts a tech 
mque that ts effecttvely used by farmers m many other 
parts of the world to reduce crop losses from dtsease 
(Paltt 1981) Stmtlarly educatmn aboutpesuctdes to 
whtch farmers are already exposed would promote 
more selecuve less dependen! use and safer bandhng 
of such products and provtde farmers a more ob]ecttve 
basts for dectstons about pesUctde use ID local sys 
tems A better understandmg by farmers of baste dts 
ease management pnnctples would have ma]or ben 
efits for human health and the envtronment Wtth new 
and tradttmnal knowledge farmers themselves would 
then be able to develop smtable dtsease management 
technologtes and make better dectstons as to wbtch 
technologtes to accept and demand 

There t~ much concem about farmer and gender 
empowennent - dtsempowerment assoctated wtth 
!he study and use of mdtgenous knowledge (den 
Btggelaar 1991 O Bnen and Flora 1992) The au 
tbors of thts paper share the concem but mamtam that 
know1edge of farmers systems and thoughl framework 
ts essenual tf externa! atd tS to asstst m tmprovmg the 
qualtty of ltfe of peop1e ID rural and ulttmate1y m urban 
commumues C1ear1y farmers must be !he pnmary 
players m changes affectmg thetr hfe Approaches that 
mclude !he farmer m the process are less hke1y to end 
up bemg re]ected or to dtsempower farmers and de 
stroy !he soctal fabnc m farmmg famthes and commu 
nmes If tt ts to be accepted that there ts a role for 
technology development to tmprove agncultural pro 
ducuon m sttuauons hke the Great Lakes regmn of 
Afnca then the developers mus! also more cnucally 
analyze !he way thetr efforts may mfluence farmers 
and m ourcase how the local knowledge mtght be used 
as the basts for tmprovements that wtll beneflt farmers 

We have gamed sorne knowledge about farmers 
understandmg of plant dtsease The farmers cogmuve 
framework has very pracucal apphcauons ID the man 
agement of the effects of ram and plant vtgor (Trutmann 
el al 1993) We beheve thts framework must be 
constdered when developmg technologtes and shou1d 
be butlt on not tgnored or destroyed as has orten been 
!he case (Tbrupp 1989) rarmers systems are always 
dynamtc and adJusung to changmg ctrcumstances 
Any tmprovement should attempt to butld on thetr 
posmve attrtbutes by expandmg the knowledge and 
range of opuons avatlable to farmers Apart from 
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makmg farmers pnnctpal actors ID !he process of 
technology development there are other ways of em 
powenng farmers One way mtght be through an edu 
cattonal system that combmes aspects of Westem 
techmcal knowledge wtth local knowledge An IDter 
e~tiDg approach promoted by sorne NGO s ts to en 
courage schools to mvtte knowledgeable elders to gtve 
classes on thetr farmmg techmques as part of !he 
regular curnculum (Monteemos pers com) Smular 
encouragement could be gtven to agncultural research 
msututes 

Notable stmtlartues extst between !he classtfica 
uon of htelo (tce) by farmers m Central Amenca 
(Bentley 1989 1991) Farmers on both conunents 
assoctate ram or tce wtth dtsease symptoms and 
elaborately classtfy varmus ways these damage plants 
Farmers on both contments generally appear to lack 
knowledge of spectftc dtsease symptoms of most dts 
eases Are tbere perhaps common pnnctples m tradt 
tmnal socteUes on percepttons of dtsease and crop 
protecuon that can be used to gmde technology devel 
opment? 

On !he other hand we must be cauttous not to 
generaltze these results Local knowledge ts often 
regmn spectfic E ven tf farmers m many areas use !he 
same vocabulary the meanmg can be very dtfferent 
dependmg upon the agro ecology of !he regmn As a 
result although the methods and pnnctples of thts 
study probably have wtde appltcatmn m Afnca and 
perhaps elsewhere the results presented here are geo 
graphtcally spectftc and cannot be seen as a subsutute 
for workmg and talkmg wtth fanners 
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Drsease Control and Small Mulhphcatwn Plots lmprove Seed 
Quahty ,md Small Farm Dry Be.m Y~elds m Central Afrrca 

Peter Trutmannl and Emmanuel Kayrtare2 

ABSTRACT 
Cledn seed mcreased yteid of dry bedns (P/Jaseolus vulgar" L ) m the Grcdl La k es rcgwn of Afncd Combmed 

culturdl mdndbement pracltces detredsed !he development of dtsedse on pods but dtd not mercase vtelds The 
effectneness of cultural controltogether wtlh other prmmsmg methods to tmpro>eseed quahty was mvesltgated wtlh 
farmers on farm m small mulltphcatmn plots Decreases m blemtshed seed were obtmned usmg mui!Jphca!Jon plot 
techmques but after threeseasons yteld from such seed was dtfferent only al P <O lto yteld from seed produced wtlh 
tradt!Jonal methods Farmers responded favourablv lo !he mtroduc!Jon ofmui!Jphcatmn plots duelo dtiTerences m 
the seed quahty but not beca use of mcreased ytelds from the use of clean seed 

Addttwnal mdex words dtsease control seed mui!Jphcallon Afnca P/Jaseo/us vulgans seed quahl\ 

INTRODUCTION 
In the Great Lakes regmn of Central Afnca sub'lst 

ence fdnmng sltil predomtnates Holdmg' average O 5 ha 
per household and few externa! tnputs are used parttcularly 
on food crops lntenstficauon of producuon ts essenual to 
suppon the large and raptdly growmg popula!ton m the 
regton whose dtet rehes on beans as the maJor protem 
source One tdenufied conslramtto mcreased producuvny 
of Phaseolus 1 ul~atts L ts the quahty and quanllty of clean 
seed avatlable to fanners bolh offanners own lradnmnal 
vanetal mixtures and new 1mproved cult¡vars 

Tradt!lonal seed mtxtures tn the regmn are very dtverse 
averagmg around twenty recogm'iable componems ( Vo'i'i 

personal commumca!lon) Fanners ha ve lhetrown spectfíc 
mtxlures for fentle and unferttle sotl and for mtercroppmg 
wtlh bananas (Voss and Graf 1991) Sorne fanners ha ve a 
dtfferent mtxlure selecled foreach field llts tmposstble to 
produce clean seed ofthese dtverse mtxlures lhrough oftictal 
schemes Netlher ts 11 at present feastble or destrable lo 
replace the geneuc dtversny of lradt!tonal mtxlures Wtlh 
smgle or few culttvars It ts dtffícull to mercase yteld; 
raptdly m lhesedtversesyslems A parttal soluuon would be 
forfJnne" lo produce good qualtly 'eed oflhetr re,pecuve 
mtx.tures whtch would result m a reduct10n m d1sea'ie and 
encourage lugher yteld' However ltttle mfonnJtton " 
avatlable"' lo how fanners cJn do 'o wnh stmple lethnology 
adapted to thetr syslem and constramts 

The second problem concern' effons of the nauonal 
programme' lo produce suffictenl •mounts of quJitly seed 
of tmproved culuvars and to promole raptd dtffu'lon 
Accordmg loSperhng (pe"onal commumcauon) speed of 
dtffu'lon of new culuvars m central R wanda "re"ncted by 
soctal faclo" fanne" are reluctant lo provtde 'eed to non 
famtly mernbef\ and people who are not clo'e fnend; 
mcludmg netghbou" and fanne" prefer seed produccd on 

1he sarne htll ralher lhan al sorne unknown dtslanl place 
More trnponant perhap' for the pre,enl supply of eood 
qualtt) 'eed of new culltvars ts ltrntled Sorne of lhe'e 
constrJmt' could be reduced lhrough local producuon of 
seed by fanners 

Qualtly of seed m lhe regton ts slrongly hnked wtth 
lhe presence or ab•ence of palhogens m seed lnlhe Great 
Lakes re¡,ton control of fungal palhogens alone mcreased 
on famt ytelds by 300 450 kg ha 1 (Perreaux 1988 
Trutrnann and Graf 1988) Oflhe pdlhogens observed the 
lhree most cornrnon were angular leaf spot (Piraeotsattopsts 
~tHeola (Sacc) Ferrans) anthracnose (Colletoruclrwll 
lmdemwluanum (Sacc & Magnus) Bnost & Ferrans) and 
Phoma (Ascochyla) bltghl (Piwma eu~ua De•rn var 
dnetsHpma) All lhree are 'eed borne In sorne cases 
pantcularly tn 'ced of new culltvars muluphed on a lar er 
se ale halo bhghl (Pseudomo11as swm~ae pv plraseol" ola 
(Burkholder 1926) Young Oye & Wylkte 1978) whtch tS 
also lransrnttted by seed " or ts becornmg a problem 
d"easc Therefore "'the rnaJorpalhogens whtch hrnu bean 
producuon are seed borne lhetrcontrol through producuon 
of cledn seed should mercase producuon as Ion as a 
st¡,ntftcdnl propon ton oflhe moculurn m the tteldon mates 
frorn \eed 

On IJnn \ccd mulupltcdtJon ts nol a new concept 
(Tee 1977 Bono 1981 CIA T 1982) However m the past 
never or rdrely ha. the concept been apphed to trnprovmo 
tradnton•l fumer ;eed tn conJuncuon wJth stmple 
trnprovemen" lo lradtllonal pracltces and lechnolo tes 
such as o;eed treatmento; Workon farmerseedmulupllcatJOn 
ha; been ;pectfically Jtmed al producmg adequate quanu 
!les of good qualtly seed of new released culuvars 

The objeCltves of lhts study were lo evaluate 
effecttvenc\> of Liedn 'eed m ratsmg bean ytelds m 1he 
regton Jnd lhen lo develop rnelhodology cornpd!lble wuh 

PthlgtCIATR IProg m B f C IAf BP\38 B Rw 1 Prc 1 Addre T p 1 P re Pmg m~ CIAT \A 
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loe ti praclilC' to reduce 'eed transmilted d"ea,e; Later 
mexpen"ve mtegrated method' were te;tedon farm together 
wilh larmer' uS~ng small \eed muluphcatJOil plots by 
mea\unng crop yields for three 'ea,ons usmg sccd from 
multiphcauon plots 

MATERIALS AND METHODS 
The effcct of u'mg clean 'eed on producuon of P 

vul\al n wa; evaluated JI Rubon• ;tallon of 1 lnslilil des 
Sciences Agronomiques du Rwanda (ISAR¡ P da m 
1985 Blemish free seed from a local mtxture of/ ""~a11s 

grown on statton m the previOU\ scason when the \Cedcrop 
had been protected wilh benomyl al 500 g h• i every two 
weeks to harvest WJs compared to seed from the same 
mixture whtch had not been treated wilh benomyl Befare 
sowmg the seed was selected by womcn usmg trad1110nal 
methods Plots 16m2 were sown usmg local mcthods whtch 
encourage maxtmum spacmg between pl•nts at 350 000 
plants ha 1 Plot\ were separated by a 1 5 m band sown wilh 
soybeans (Givune max (L) Merr) Treatments were 
rephcated five ttmes usmg a random block deS~gn At 
harvest seed ytelds were compared 

The effects on dtsease development on pods and seed 
yield followmg remo val of diseased lea ves i emoval of 
diseased seedhngs anda combmallon ofboth tompared to 
local crop management were evaluated at Rubona stallon 
m 1985 and 1986 Plots 16 m2 were sown usmg traditJOnal 
seed selecuon and sowmg methods A border of 2 m was 
sown with soybeans between plots A pan from expenmental 
treatments normal local culttvatwn pract1ces were 

mamtamed Diseases were evaluated at late gramfill usmg 
percentage surface are• mfected as the evaluauon cntenon 
The tnal wa rephcated SiX times repeated over three 
growmg seasons usmg a random block design and anal y sed 
usmg analys.s of vanance (ANOV A) Seed selecuon after 
harvest was evaluated as an add1110nal treatment for one 
se"'on •lone and m combmauon usmg the above methods 

A multiphcallon ;cheme was developed for use on 
small farms mtegratmg mformauon from research on 
cultural methods of disease control With other promismg 
results These mcluded lhe use of seed lreatments (Trulmann 
1987) improvements based on ehmmaung blernished seed 
befare sowmg and other praclices m seed productiOn such 
as eradicalion of planls Wilh symptoms of v¡ruses and 
bacten• and seleclion ofheJIIhy plants al harvesl Todo \O 
seed multiphcalion plots of 1Om2 were evalu•led wnh five 
farmers for four growmg seasons m 1987 and 1988 usmg 
the followmg recommendat10ns Farmers were asked lo 
selecta fenile plot andsow thelfmixture early m the season 
Todo so m addilion to normal seleclion entena farmers 
were asked and 'hown how to selecl only seed Without 
blemishes on 1he te\ta and the hilum area Before ;owmg 
seed Wa\ treated wilh benomyl ( 1 g a i kg 1) tlmam ( 1 5 g 
ai kg 1) andendo,ulf•n(lgai kg 1) Seedwa\moi>lened 
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Wilh water drops left forO S 3 h Jnd sown m plols usmg 
loc•l methods The seed wa; dropped mto pockets made by 
a small hoe m a well preparcd sced bed to produce even 
sp tcmg bctwcen plants A 1 m border around lhe plot was 
sown wllh mJtze or sorghum to reduce mter plot 
mterfercncc Aftcrseedhng emergence farmers were asked 
lo ViSll plots at least once per week and to pull out diseased 
seedhngs when plants were dry Later dunng weedmg 
farmers werc asked and shown how to remove lhe pnmary 
lea ves from 1he plants and from the field forcompostmg or 
bummg Plants werc removed ifthey showed symptoms of 
v~ruses (cspccially Bcan Common Mosmc Virus) and halo 
bhght Mtddletoolder leaves were removed ifmfected wuh 
anthracnose angular leaf spot Phoma bhght and common 
bJctenal bhght Farmers were forbtdden toenterplots when 
plants were covered wnh dew or when wet Plants were 
harvestcd early and selected for 1he cleanest pods Plants 
wtth lestons on pods were av01ded Pods and seed from 
hcavily discased plants were used for food Farmers were 
shown how to select the best seed after harvest and to store 
11 separately for sowmg seed for the next sea.on s 
multtphcauon plot This same seed was also used to sow m 
plots to compare yteld wtth seed from the same mtxture 
selected usmg normal farmers practtces Todo thts two 25 
m2 plots each wtth e1ther seed selected from multtpltcatlon 
plots or usmg farmers tradttiOnal selectton methods were 
mstallcd on five farms This was repeated for two seasons 
on farm and foronc season together With otherpantctpattng 
farmers seed on statton At harvest seed we1ght was 
measured and farmers were mterv1ewed as to thelf 
lmpressions The phytosanuaryqualtty ofseed produced m 
multtphcatton plots and farmers normal seed was compared 
m the th1rd season by measunng the percentage of seeds 
blemiShed per 200 g seed per plot ( 1 kg per treatment) The 
farms were ViS\ted every month Farmers advtce and tdeas 
were sought as a matter of routtne and at the end of each 
season a meeung of the group was arranged to d1scuss 
ment• problem; and tmprovement• needed 

RESULTS 
The dtfference m yteld of a local vanetal nuxture 

through usmg clean or farmer ;eed ts shown m Table 1 
Y teld mcreased (P <O 05) 21% wuh the use of d1sease tree 
seed eqUivalen! to 210 kg ha 1 Removal of dtseased lea ves 
reduced (P <O 05) angular lcaf spot and both angular leaf 
spot and Jnthracnose wcre reduced (P < O 05) usmg the 
combmed treatment (Table 2) The tnals showed thatcultural 
methods were cffecuve m reducmg lhe level of dtsease on 
pods and hencc •eed These method• were more effecuve 
if combmed and the1r effects became more evtdent when 
repeated ovcr ttme although they dtd not improve bean 
yteld However rcgre.sions wuh yteld showed •trong 
correlauons lor an¡,ular le~f \pül (R 2= O 99) and Jnthracno;e 
(R2=086) 
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r tblc 1 Seed v1elds from a vanetal nuxture of dry be.1ns so" n usmg etlher seed selected by farmers or 
patho¡,en free seed 

Seed source 

Tr.ldJIJon.ll 
Palhogen free 

S1hmfic1nlly d1fferem JI P < 0 05 usmg ANOY A 

Y1eld (k¡, ha l) 

999 6a 
1210 Obl 

Table 2 D"e.1se .1ssessment .1nd seed yteld of dry be.1n crops followmg dtfferent diSCd'e management treatments 

Treatment 

Control •eed •electJon befare sowmg 1 

2 Control plus removal of d1sea•ed lea ve• 
3 Control plus removal of d1seased seedlmgs 
4 Alltreatmem• combmed 

Mo~t common tradtt10nal fanner practlce 

Dtsease on pods al matunty 
(o/ surf.1ce are t mfected) 

Aoguldr ledf spot Aothrdcnose 

6 8a 6 2a 
4 8bc 5 5ab 
6 Oab 4 9ab 
3 ?e 3 9b 

Yteld 
(kg ha 1) 

1175a 
1190a 
1207a 
1237a 

Numbe" wnh the •ame letters do not d1ffer s1gmficantly (P < O 05) u•mg Duncan s muluple range tes! 

Thc <.,ccond expenment on cultural methodo;; wao., 
conducted only o ver une season and mcluded an addllJOn.ll 
seed selectJon treatmem (Table 3) Seed selecuon after 
harveq alone d1d nol affect d"ease development or y1eld 
and only the combmed removal of d1seased leaves and 

seedhng1 reduced anthracnose (P < O 05) There w" no 
d1rect y1eld advantage WJ!h any method lt 1s h~cly that 
removal of substantml amounts of photosymhetJc t1ssue m 
trcatmcm; reduced thc producllvc capacny of plants as 
much as removal of d1seased 11ssue a1ded plants 

Table 3 D1sease assessment and seed y1eld for dry bean crops followmg d1fferent seed selectmn and d1sease 
management tredlments 

Tredtment 

Comrol •eed •elect1on befare sowmg 1 

2 Control plus seed selectaon after harvest 
3 Control plu'i removal of di'iCa'ied leave'i 

4 Control plus removal of d1seased seedhngs 
5 Alltreatment• combmed 

Most common trad1llonal farmer pracuce 

o .. ease on pods al maturJty 
(o/ surface area mfected) 

Angular leaf spot Anthracnose 

5 8.1 7 8a 
6 5a 65a 
4 o .. 6 6.1 

6 3a 7 s .. 
4 Oa 2 5b 

Y1eld 
(kg ha 1) 

535a 
755a 
420a 
395a 
600a 

Number; wnh the .ame letters do not d1ffer s1gmficantly (P <O 05) usmg Duncan s mulllple range test 
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1 he rv .. ult\ lrom on t mn rc\cJrch on mulnpi1C iliOn 

plol\ md yiLllhludiL\ lfL prc cmcd m T Jblc' 4 Jl1d S Therc 

\ l\ LOil\H.ILr 1biL V lflillOil 111 TL\UJt\ betWLCO fJnllCTS 

Ncvulhclc" lhc perccnta¡,e ot blem"hed \ced decrea>ed 
(P <U OS) from tJrmc" multipllcJtlon plots compJred lo 
;ced \cleucd u\lng loe JI method' (T Jble 4) In y1eld plot' 
'iOWn w1th o,ced from muluphcauon plots there was J 

LOn'il..,tCnt trcnd tow trd'i h1ghcr conftdence m observed 

y1eld mcreJ'e' up lo lhe 90% confidence leve! over 1hree 
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\LJ\On' cvcn m lhc B \eJ\011\ (MJrch July) wllh hca y 
rJmfJll (T 1blc 5) The re,ull\ were refleclcd m fJm1er 

comment' Jll f¡ve n01ed thallhey observed an mercase m 

'eed quallly bul mJde no pJnlcular reference lo y1eld 
mcre.tse~ All w .. mted to conunue workmg wlth the 

mul11phcat10n plot\ 1mplymg seed quahty was suff1C1cnlly 
good to convmcc fJrme" of the vJiue of multiphcatiOn 

plot' Jntl that the method has benef1ts understood by 
hnners but nol measured 111 th1s study 

T Jble .¡ Proportmn' of blem1shed dry bean seed before sowmg from mulhphcdhon plots and tradlliOndl sources 
aftu selcctmn 

Seed source 

Trad1110nal 
Mult1phcallon plot 

v Jiu e; wnh the '"me le !ter do not d1ffcr al P < O OS 

% Blem1shed seed 

1 2a 

o 3b 

T 1hil ~ Y1cl<h uf dry beJn' O\cr three gro"'"b 'casons from cxpcrnncnt.II plots for whllh secd was e1thcr (1) 
trad1honallv selectcd or (u) obtamed from sm.1ll muluphcdhon plots 

Treatmenl 

Trad111onal 

Multiphcallon plot 

Coeffiuent of vanatwn 

198781 

996a 
lOS S a 

114 

Sea~on 

1988A 1 

Gram y•cld (kg hJ l) 

\0 9 

19888 

70S a 
805a3 

15 5 

V liue' followed by the 'ame tener w1thm the 'ame column do not d1ffer "bmficJmly (P <O OS) usmg ANOV A 
1 011 IJrm 1 d1fferent at P <O 2 3dlfferem at P <O 1 

DI'>CUSSION 
MJrglnJI Lh.tnkC'i m famlerpracucco;; bUJitonexl'itJng 

tradllmnal techmque' rather than large changes are more 

III.ely to be accepted m sub"stence agncultural 'ystem' 
The cultural method' tested 111 thl\ 'tudy were bJ\ed on 
f mnero, trJdllJOnJ.I pr«Lllces Forexamplc fannu'i rcmove 

the pnmJry lea ve' Jt weedmg but lea ve them on the ground 
where p,thogt.n~ can o,tiii mfect plants In the tn.tl'i theo;;e 

IL.tv ., wt..rL removui frnm thc ploto, .tntl both pnm.uy 

le.tveo, J.nddl,e.to;;ed tnfoh.tte le.~ve..; wereregularly removed 

Sced 'elecllon " practlced by Vlrtually all farmers The 
trJdltlonJ.I method..; ..tre cxccllent m m.tny ao;;pect'i but can 

be lnlproved r dflflCf\ LOmmonJy reta&n bleml"'hed 'iCCd J\ 

long"' blciTII\he' are not Jround thc h1lum lmproved 'eed 
'electlon mcthod' take Jccount of all bleml\he' 

An exten\lve \Urvey by V o" ( 1988) 'howed thJt 
befo re \eleLUon by 1 Jnne" \9 So/ ot f Jrmef\ecd LOntJ111ed 
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lc,mn' In thc pre\ent study the quahty of sced of the ti ve 
partiCipJtmg fJm1ers was conSiderably better The dtffcr 
enlc~ m.ty be dueto seasonal vanat1on 10 d1scase mc1dence 

or becausc hrmers 111 th1s study managed their sccd better 
than moo,t farmero, 

Thc re,ulh of the'e stud1es show thJt on farm \Ccd 

multiphcatlon technolog1es wh1ch meet the en ten• ofsmall 
hnnero;;. to 1mprove the qu.thty of 'ieed of local mtxture..; are 

JVJIIJblc Thc maJorproblcm "that •tallstlcally "gmficant 
mercases 111 y1eld' were not obta111ed although each 'eason 
numencal y1eld 1ncreases overnorrnally selected sced werc 

obt.uned 111 on farm lnal' 11 must be borne 111 1r111d th1t 
yield• were expected to 1mprove gradually each ,c.,on as 

seedquahty unproved However such 'hght ¡rnprovemcnt' 
111 y1eld ofcrop' ¡,rown from betterquahty seed are unhkcly 

to convmcc \lllJII farmef\ to adopt the conccpt of 'mall 
multiphcJilon plo¡, 
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Whcthcr thc u e of 'm tllmulttpftc tlion ploh wt\1 be 
wtddv tdoptcd m thc Cre 11 LJke' rc¡,ton and perhJp,other 
rcL.ron~ 111 AlnLJ. remJ.m\ to be 'icen Ftlnner'i m thc"oL 

<.,tudJl'i \\ere not convmced Jbout y1eld mcreJ.\C\ Jfter two 

\C l\011\ but were Jntcre\ted 111 the concept becJ.u<.,eofv¡~u 1l 

dtffcrcnce' m thc quJftt} of 'ccd produccd ft appeJrs 
!arme" trc Jware ofthe vJ\uc of clcJn 'eed and tlm nther 
th m the tcdtou' process of 'howmg VlSUJ\ mcrea'c' m 
y¡c\d mJy be 'uffiuent toconvmcc them of the VJiue ofthc 
concept Of pnmJry nnportance to thc succes,ful ex ten ton 
of 'ecd productton pfots ts the educJtlon of fJrmcrs about 
dt'e "es and thetr control and how to use cultural and 
chemtcJI d"eJ'c control method' 

A factor whtch" ftkefy to mfluence the thoroughnc" 
offam1e"eed 'e\ecuon on m•ny farms and the effecuveness 
of \ccd multtpftcJtlon plot' "the avJtfJbtftty of \ecd for 
\OWIIlb M.my f.tnner\ harve\t m..,uffiLILnt 'iCLd rn an 

un!JvourJblc 'eJson to be Jble to be very ;e\ecttve m the 
quJftty of 'ced for 'owmg the next se"'"" Con,equently 
thecycle of grJdually tmprovm¡, ;eed quJftty would nced to 
be repeJted The mfluence ofsuch 'hortJ¡,es on ;eed<juJltty 
'hould be further mvesttgated 

Cxtcndrnh thc mLthmh for gcnLfJ.Iunprovcment of 

be 111 'ced cou\d a\'o promete 'm tll 'cJ\e commerCtJI 
producuon tf Jdopted by !Jnne" wtth ;utfictcnt 1 md to 
multtply 'ced of tmproved culuvJrs for thetr 'urroundmg 
areJ The mcenuve tu produce seed commerctJIIy forothe" 
may mtttally be J dnv111g force for the Jcceptance of the 
"mple packJge lt may a\'o be worthwhtle to mve,ugate 
the feastbtftty of mtegrJtmg method' of tmprovmg c\ean 
'eed productlon for other crops together wnh beans m 
smJ\1 multtpiKJtlon plot' An mtegrJted sy,tem of 'eed 
productton mJy enhance the acceptabtlny of small 
multtpftcatton plots by farmers 

Dunng the study lestons on seed rJther thJn plattng 
tests were u;ed "' the cntenon for pathogen contJmmJtton 
Ftr<tly \aboratory factfttles were not adequJte at the time of 
study todo Jny but the mo\t bJ;tC te;!\ whllh would hwc 
endbled Jsolauon ofC /mdemutluanum and P euqua var 

dn er slfpm a but not of P ~nseo/a or permttted prec¡;e 
tdentt ftcatton of bactenJI pJthogens Thu' mcomplete 
111formJtton would havc been JVatlabfc Secondly the u;e 
of le\1011~ wJ.~ U\ed to provtde fdnnef''l .md exten~10n 

worke" wtth a v"ua\ meJns of checkmg the cleJnftne" of 
\ccd In Jddttton ;ccd d"co\ouratton hJ\ bccn u'ed for 
gradm¡, ;eed"' a meJ,ure of seventy of mfectton forcrops 
such as cereJ\s (Chmtensen 1957) and nce (Neerga.1rd 
1 970) .1nd .1ppe.1T\ to be .1 rou¡,h but v.1ftd meJ\Ure of the 
mctdence of 'eed borne pJtho¡,ens m beJn; where 111fectton 
rcsults 111 Vl\tble dl\colouratlon of seed (NeergJJrd 1977) 
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Managmg Angular Leaf Spot on Common Bean m Afnca 
by Supplementmg Farmer M1xtures w1th Res1stant Var1ehes 

MUKISHI M PYNDJI Programme Nat10nal Legummeuses du Zaore (PNL) BP 496 Bukavu Ktvu Zaore and 
PETER TRUTMANN Centro InternaciOnal de Agncultura Troptcal (CIAT) Apartado Aereo 6713 Cah Colombl3 

ABSTRACT 
Pynd¡ M M d T tm P 1992 Manag g a g 1 leaf p t mm b a 
Af e by s ppl me t g fa m m xt es w th t nt t es PI t O 16 1144 1147 

Th ffect ess f suppl m t g local be (PI ulg ) m t w th a t 

s t nt to gul 1 r sp t au d by Ph op g ol w s e 1 ted th G e t 
l k s g ( Af The s ty of g la 1 f sp t w 1 w ( P = O 05} f m 
m xt s suppleme t d w th 25% m e of t t 1 s BAT76 A285 n th f fo 
seas s th n m t es w tho t t t 1 es S g r t de s g la 1 f spot se ty 
w e 1 obt d th ew m tu wh m as g b th g 1 farm d w res sta t 

1 1 he ults ggest th t mp t 1 f 1 d se a b co t 11 d w th mode pi nt 
be d g p d ts yst m wh et 1 m t es p d m te th gh ppl me t t 

th tha d pi m nt r t g g t d s t by w et How the ppl 
m tal! st ategy s 1 1 m t d beca se t d m t se ma g g mult pi d sea 
e Id 1 d t f loe 1 ge et d ,u y 

In many Afncan countnes common 
bean ( Phaseo/us ulgans L ) 1s an 
lmportant protem source (4) and 1s culu 
vated predommantly as vanetal m•x 
tures The gcnetlc dtverslty m mixtures 
1s large the mean number of seed types 
and colors per farmer miXture has bcen 
esumated at 20 m R wanda ( 15) and 13 
m Malawt (7) Each farmer has a dtffer 
ent m1xturc and often has anous 
miXtures D1seases are a major constramt 
to bean producuon m the central Afncan 
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h1ghlands wh1ch pnnc1pally encompass 
Burundt Rwanda and Zatre (JI 12 13) 
and are also 1mportant m other Afncan 
countnes ( 1) Angular leaf spot caused 
by Phae sar opsiS gnstola (Sacc ) 
Ferrans IS constdered to be one or the 
most amportant btouc constramts to on 
farm y eld m the G eat Lakes reg10n of 
Afnca ( 13) and tls control ts a htgh 
pnonty of nauonal programs m the 
regton 

Wolfe (16) revtewed the llterature on 
d1sease control wtth multthnes and 
vanetal mtxtures and noted that host 
m1xtu es may restr ct the spread of 
pathogens and the1r dtseases cons1der 
ably relauve to the mean of thetr compo 
nents prov1ded components d1frer m 
the1r suscept1b1IUy Ly1mo and Ten (JO) 
supported th1s pnnc1ple for P ulg s 

m Afnca However wo k m the lnerature 
exclus1 el y d1scusses m1xtures as a means 
of d•vers¡ficauon from a monocuhure 
standpmnt No reports have spec1fically 
mvesugated the addttton of resastant 
anches to farmer vanetal m1xtures for 

management of d1sease 
The ObJCCllves of th1s study were to 

determtne whether angular leaf spot 
seventy could be reduced m farmer 
mixtures by supplementmg them wnh 
new a 1ettes res¡stant to angular leaf 
spol to ascerlam whether farmcr com 
ponents can be protected and to deter 
mme what proporuons of new res1stant 
malenal are requared to obta1n a pro 
tect1 e effect m farmer m1xtures 

MA TERIALS ANO METHODS 
Srudaes were conducted at the 

Mulungu stahon of llnstltut Nauonal 
pour 1 Etude et la Recherche Agrono 
m1ques (IN ERA) IR the K1vu reg1on of 
Za1re lts geograph1cal and chmato 
log1cal charactensttcs are 02 19 S 
28 45 E allltude of 1 700 m mean 
temperature of 16 2 e and 1 845 mm 
of ramfall per annum m a b1modal 
pattern Angular leaf spot IS severe and 
1S the dommant common bean dtsease 
On 16 m2 plots a local farmer bean 
mtxture was sown supplemented w1th 
vanous proporuons of angular leaf 
spot reststant matenal from the Centro 
InternaciOnal de Agr cultura Trop1cal 
(CIAD breedt g 1 e BA T76 (growth 



type 11 small graoned black seeded) or 
A285 (growth lype 11 small graoned 
yellow seeded) Seeds were sown m a 
geometnc pattern 20 cm apart wh1ch 
s1mulated local sowmg methods Seed of 
the reststant vanety was evenly dts 
tnbuted as ellher JO 20 25 50 75 or 
100% of seed sown m each treatment 
dependmg on the tnal Each reststant 
plant was tagged w1th a long peg to 
d1shngmsh 1t from the components of 
farmer mixtures Plots were separated by 
tw1ce the d1stance of the plot length to 
reduce mterplot mterference Soybean 
( Glycme max (L ) Merr) was planted 
between plots The tnal was rephcated 
SIX t1mes m the first season and four limes 
m subsequent seasons w1th treatments 
arranged m a random1zed block des1gn 
Tnals were repeated three times Wlth 
proporttons of reststance of 25 100% and 
once Wlth proport10ns of 1 O 20% 

Angular leaf spot se enty was evalu 
ated as the percentage of surface area 
mfected To mcasure the effect of 
res1stant vaneties on the local bean 
mixture component 40 local mixture 
plants per plot were sclected at random 
On each selected plant leaves on the 
thtrd fihh and seventh nades were 
evaluated at flowenng pod fill and gram 
fill (5) Al each of lhese limes Jeaves on 
each node d1ffered m age Lea ves on node 
3 at nowenng were 28 days old on node 
5 14 days al flowenng 28 days at pod 
fill and 49 days al gratn fill and on node 
7 7 days al flowenng 21 days al pod 
fill and 42 days al gram fill In the th1rd 
season whole local mixture planls not 
mdiv1dual leaves were evaluated For 
whole plants the time from the first leaf 
stage when leaf ussue beco mes avadable 
for mfectlon to nowenng was 30 days 
lo pod fill 44 days and to gratn flll 
65 days In treatments contammg only 
res1stant plants these plants rather than 
local mixture components were evalu 
ated The terms jlowermg pod ji// and 
gram ji// were used followmg CJAT (5) 
Overall angular leaf spot seventy (1 e 
the combmed d1sease level of res1stant 
and local mixture components) was 
obtamed by a general angular Jeaf spot 
evaluauon of all plant fohage m each 
plot Results were analyzed us1ng an 
analys1s of vanance and treatments were 
compared wtth Duncan s mult1ple range 
test The apparent mfectton rates ( 14) 
were calculated for the logtshc model 
usmg the thud tnal when plants were 
evaluated for total fohar arca mfected 

RESULTS 
Angular leaf spot se er1ty m supple

mented local m1xture componenls 
Supplementauon or local mixtures Wlth 
25 50 or 75% of e1ther BA T76 or A285 
resulted m reducllons ( P = O OS) of 
d1sease seventy m the local mutture 
components of new mixtures as com 
pared to dtsease seventy m the pure local 
mtxture treatments measured both as 

Jeaves on mdiVIdual nodes (Table 1) and 
as total plan! fohage (F1g 1) Confidence 
le els of dtfferences between treatments 
Improved wuh time DefohatiOn or older 
leaves on nades 3 and 5 from d1sease 
seventy prevented measurement of 
mfectiOn of leaves over alt plant growth 
stages (Table 1) 

The apparent mfectton rate of P 
gnseola m farmer mtxture components 
was most raptd between the pnmary leaf 
stage and flowenng (Table 2) The mcor 
porallon of 25% of A285 mio the local 
mtxture reduced the average apparent 
mfect10n rates on local mtxture campo 
nents and reduced the rate further at 

Tabl 1 Angula 1 f p 1 de el pm 1 o f m b n m 1 re e mpo ts suppleme t d 
w\th a re stant n ty us g d du 11 f Ju t s 

Dls d leafs rf ce .. (%) 

Leaf nade number 
V n ty 

J 5 7 m 1 
Test g K V .. y (%) F F p F p 

Ea ly 1987 BAT76 o 59 2 1 63 1 4 a 26a 
25 45 b 20 41b 1 J a 16b 
50 51 ab 1 7 a J 5 be IOb 1 5 b 

100 12b 1 4 18 04 Ole 

M d 1987 A285 o 55 b 1 3 57 a Ola 2Ja 
25 J 6 be Ola 28b o 1 08b 
50 67 lOa 4 1 b Ola 1 3 b 
75 4 8 ab 05a 2 7 be o 1 O 1 a 

100 1 o OOa O 1 e 00 OOb 

O susc pt ble pi 1 
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T ble 2 R te of gula 1 af pot d lopme t on fa mere m pon ts n bean muttu es pple 
ment d wtth re 1stant n ty A28S 

A215 1 fection r t Dllrtr ce 
m toue Firstleaf Flow ri"' Pod nn la rafe 
(%) tono" n 1 to poc1 nn lo&< n nu Mean JIO<day 

o o 128 0086 0021 o 085 
2S o 131 0057 0020 o 078 -o 007 
50 o 117 0072 o 025 0077 -o 008 
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T bl 3 Effe t r dd glwpopot of s sta t ar ety BAT76 to r m b m XI 
a g la 1 f sp t ' ty 

Ose d 1 f fa (%) 

N d mb ofl f 
BAT76 

3 5 7 r 
m t 

(%) F F p G p G p G 

o 16 6 08b 19 o 20 4 96a 12 1 32 2 37 5 
10 169 08b 19 o 19 O a 8 1 10 9 a 27 2 a 33 3 
20 18 6 09b 19 1 a 20 8 83 118 20 3 b 29 1 

100 31b 05b 51 b 59 b 03b 04 lllb 113b 

lSD(P=OOS) 32 02 1 9 27 J 7 20 12 3 12 6 

L lm t d BAT76 mp ' t lu t d togeth a plot tm " F=fl w g p = pod fll G =g tn fll 
Valu s n the m e lum nd the sam seaso fllowdbydff 1 1 He S S g lic ntly 
(P=005)d ff t g Du e smltpl ng 1 SI 
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htgher supplementatmn levels 
No stgmficant dtfferences m angular 

leaf spot seventy were observed m local 
mtxture components when the local 
mntture was supplemented wuh 10 and 
20% of BAT76 (Table 3) DtSease 
pressure was constderably htgher m the 
tnal compared to that m other seasons 

Effect of res1stance supplemented 
m1xtures on d1sease seventy m new 
m1xtures The mean angular leaf spot 
seventy over four seasons of testmg was 
20 8 14 and 40% of total leaf area of 
plants tn plots from 1986 to 1988 
Stgmficant reduct10ns m angular leaf 
spot seventy m the new mixtures were 
observed when 25 50 or 75% reststant 
vartety BAT76 or A285 was added to 
the local m1xture (F1gs 2 and 3) No 
stgntftcant d1fferences were observed 
when a farmer mtxture was supple 
mented w1th 1 O and 20% BA T76 but 
lower trends of angular leaf spot m new 
mtxtures contatnmg BAT76 were 
obser ed (Table 3) 

DISCUSSION 
1 ncorporauon of relauvely low pro 

po ttons of angular leaf spot res1stance 
m local mtxtures reduced dtsease seventy 
m the farmer components of mtxtures 
supplemented wtth reststant vanettes m 
three out of four lieasons These results 
are stgn ficant hecause they show for the 
ftrst ume that dtsease can be controlled 
m local bean mtxtures by supplementmg 
them wtth reststant vanettes Thts sug 
gests that raptd tmpact on angular leaf 
spot can be achteved Wtth modero plant 
breedmg products m systems m whtch 
vanetal mtxtures and angular Jeaf spot 
predommate wllhout ehmmatmg the 
ex&stmg genettc dtverslty 

The phystcal presence of a reststant 
vanety n a farmer mixture protected 
farmer mtxture components and ttself 
contnbuted dt ectly to the overall level 
of dtsease tn the mtxture When no 
protecttve effect 1s achteved on local 
mtxtu e components perhaps because of 
very htgh dtsease pressure the phystcal 
presence of a reststant vanety would 
provtde the farmer wlth sorne assurance 
of productton 

In thts litudy supplementatton of local 
mixtures w1th 25% of a reststant vanety 
reduced angula leaf ~ipot The results are 
encouragtng smce many prevtous 
studtes parttcularly on rusts of anous 
cereals suggest h1gher proporttons of 
res&stance are requtred to adequately 
protect a host crop Brownmg and. Fry 
(2) esltmated that to restnct crown rust 
of oats adequately the proportton of the 
res&stant component m the miXture must 
be between 40 and 50% Jensen and Kent 
(9) found lhat no less than 40% of part1al 
prot cuon m a populatton mtght pro &de 
full p otecuon Burdon and Ch1l e s (3) 
also calcuhted that 1 5001 re~&stant 
mtxtu e wa~ ne ded to ~iubstant ally 
reduce the rate of spread of Pythrum 



~rregulare 8Uio;;man One of the few 
reports m whtch lower proport10ns of 
reststance effectl ely protected uo;;cept 
ble components was pubhshed by Jeger 
et al (8) workmg w th the wheat Sep 
Jorra no lo m Berkeley and the bar 
ley RJnnchosporwm secalrs (Oudem) 
J J Davts dtsease systems lt may be 
that the res1stance already a atlable m 
farmer mtxtures helps reduce the amount 
of addttlonal res1stance needed to obtam 
adequate dasease reductlon 

Smgle sources of reststance to angular 
leaf spot were used m thas study How 
e er to ensure d1 ero;;¡ty of res1stance m 
the future because s1gmfican1 patho 
gente vanab1l ty of angular leaf spot 
extsto;; (6) 1 1s deo;;I able to use a broader 
ange of sources An assortment of 

p oductl e res1stant a 1et1es could be 
offered to mdivtdual farmers whtch 
would encourage the use of d1verse res1s 
tant sources over a reg on Precon 
structed mixtures are not hkely to be 
accepted by farmers because thts 
mterferes With the fiexiblhty of farmers 
to tallor mixture compos1t10n to spec1fic 
needs (Trutmann Voss and Faahead 
unpubluheá) Multahnes are unnecessary 
where beans are grown tn vanetal 
mixtures but 1t would be highlydes¡rable 
to backcross certatn competiii e pro 
duct1 e and preferred local vanet1es wnh 
dtfferent sources of angular leaf spot 
res1stance 

Concurrent stud1es ha ve shown d1sease 
reductton to be translated tnto stgmficant 
y¡eld mercases (Trutmann and PyndJI 
unp1 bl sheá) but many quest10ns sttll 
need to be reo;;ol ed 1t was e 1dent that 
under exper mental condtllons the maJor 
moculum source o 1gmated from w1thm 
the plots otherw1se no protect1 e effect 
would have been Vts1ble (16) W1ll thts 
phenomenon st1ll hold on farms where 
fields are often less than an e1ghth of 
a hecta e and bordered by a d1fferent 
bean mtxture? Protect1 e effecls have 
been demonstrated for angular leaf spot 
howe er 11 1s not known whether s1mJiar 

effects w1ll be observed when farmer 
mtx:tures are o;;upplemented wnh vanet es 
res1stant to other 1mportant bean 
d1seao;;eo;; 

Supplemenlatlon of local mixtures 
wuh res1stant 1net1es appears to be a 
feas1ble strategy for control of a smgle 
1mport1nt d1seao;;e hut 11 1s unhkely to 
be feao;;1hle > deo;;nable for muluple 
d1seao;;e control Anempts to control 
muluple d1seases by the supplementauon 
strategy are ltkely lo lead to a large d1s 
placement of local vanelles and eroston 
of local germ plasm 1f subo;;ututmn of 
a quarter to one half of local mixture 
seed l"i reqUired lo ohtam protecuon 
agamst each d1sease The prohlem m1ght 
be managed partly through the develop 
ment of a 1et1es res1stant to mult1ple 
d sea<;eo;; but pyram1d1ng reo;;¡stance 1s at 
present not feastble m many nauonal 
programo;; hecause of a lack of resources 
and tnfraslructu e More eahsucailv 
approaches m systems where vanetal 
mixtures predommate should mcorpo 
rate mtegrated management strateg1es 
that control multtple d1~t:ases and 
conser e genet¡c d1vers11y 
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Partial replacement of local common bean mrxtures by 
h1gh y1eldmg angular leaf spot res1stant var1eties to 

conserve local genebc d1vers1ty whde mcreasmg Jleld 

By PETER TRUTMANNi and MUKISHI M PYNDJI2* 
Centro lnternaczonal de Agncultura Trop1cal AA 6713 CaJ¡ Colombw 
*Programme Natlonal Legummeuses du Za1re (PNL/INERA) B P 496 
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Sununary 
The effect of replacmg proportwns of local farrner bean (Phaseolus vulgariS) 

miXÍUres wtth vanet1es res1stant to angular leaf spot on gram y¡eld was evaluated 
under local d1sease pressure m the Klvu regwn of Za1re Local bean miXÍUres m 
on statwn and m mult1 locauonal tnals contammg respect1vely 25% or 50% of 
Centro Intemacwnal de Agncultura Tropical (CIAT) breedmg !mes BA176 or 
A285 res1stant to angular leaf spot y1elded Sigmficantly more than the local 
ffi!Xture alone Y1elds exceeded expected values m three seasons of on stabon 
tesung and m two seasons of mult1 locatwnal tnals Y1eld over the expected was 
found to be a property of new miXtures not protected wtth fung¡Cide and were 
attnbuted to d1sease control Relatlve to expected y¡elds non protected farrner 
miXÍUre components performed 17% and 16% better than m protected plots and 
A285 components y¡elded 24% and 16% better at respectlvely 25% and 50% 
A285 supplementabon levels A285 mcreased y¡elds of the local ffi!Xture com 
ponents and benefitted from the local ffi!Xture when not protected by fung¡Cide 
Y1eld mcreases m mulo locatlonal tnals were largely attnbuted to the higher 
y¡eld potentlal of the res1stant vanety A285 although angular leaf spot seventy 
was sigmficantly reduced It was concluded that h1gh y1eldmg res1stant vanetles 
were able to mcrease bean y¡eld m the regwn but probably ata substantial cost 
m geneuc d¡vers1ty m farmer bean mixtures That srud a parnal replacement 
strategy 1s preferable to strateg¡es wh1ch encourage complete replacement of 
local germplasm w1th one or few h1gh y¡eldmg vanetles 

Key words MIXtures Phaseolus vulgarlS angular leaf spot genet1c d1vers1ty 

Introducúon 

45 

In many parts of Afnca and partlcularly the eastern h1ghlands common beans Phaseolus 
vulgans are predommantly Cllltlvated as vanetal miXtures No two vaneties are genet1cally 
Idenucal although they may possess s1mdar seed types (Adams & Martm 1988) In Burund1 
Rwanda the Klvu reg¡on of Za1re and South west Uganda known as the Great Lakes 
Reg¡on beans are also the pnnCipal source of d1etary protem (Pach1co 1989) D1seases are 
a maJOr constramt to bean producuon m the reg¡on (Perreaux 1986 PyndJI 1987 Trutmann 

'Present address Swtss Centre for lntemattonal Agnculture ETH Zentrum 8092 Zunch Swttzerland 
'Depanment of Plan! Pathology 334 Plant Sc1ence Bmldmg Comell Umvers11y lthaea 1485l-5908 Un1ted S tates 
of Amenca 
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& Graf 1993) The largest yteld losses are assoc~ated wtth angular leaf spot caused by 
PhaemsarwpsiS gmeola (Trutmann & Graf 1993) 

Research efforts to mcrease bean productlon have centred pnnctpally around the selectwn 
of htgh }'leldmg reststant germplasm Thts strategy promoted by mtemauonal agncultural 
research centres (IARCs) and many natwnal agncultural research systems (NARS) has 
substanttally mcreased }'leld m numerous croppmg systems (Anderson Herdt & Scobte 
1988) However although thts strategy has also been followed m Afnca tt ts not clear what 
the tmpact of htgh yteldmg dtsease reststant vanettes wtll be m the d!Verse and httle 
understood systems where vanetal miXtures predommate Farmers prefer vanetal miXtures 
to pure cultures m part due to yteld stabthty and generally add new vanettes mto thetr 
extstmg mtxtures rather than to replace thetr mtxtures wtth a new vanety (Anon 1984) 
Under such ctrcumstances tt may be that the benefictal properttes of these mtroduced 
vanettes are dliuted Although farmers prefer local mtxtures over pure vanenes adoptton 
of new vanettes has m the past lead to substanttal or complete dtsplacement of local 
mtxture components and to severe eroston of ttme tested adapted local genettc dtverstty 
avatlable to farmers m areas of Tanzama Uganda and Kenya Constdenng that genettc 
dtverstty ts now a recogmsed strategy for crop protect10n mcludmg dtsease control {Anon 
1989 Wlikes 1992) tts mamtenance must be a ma¡or constderatwn m efforts to tmprove 
the hvehhood of subststence farmers As part of thts process we must obtam a better 
understandmg of the mteractton of htgher }'leldmg reststant vanettes wtth the.local miXtures 
to make better dectstons about the benefits of the germplasm strategy for farmers m the 
Afncan htghlands As part of thts process the use of a strategy of parttal rather than total 
replacement of local mtxtures wtth htgh }'leldmg reststant vanettes was evaluated 

In a recent paper we reported that substttutton of 25% of a local bean miXture wtth a 
vanety reststant to angular leaf spot protected the remammg local miXture components 
(Pynd¡t & Trutmann 1992) We suggested the use of reststant vanettes to control a smgle 
dtsease mtght be ¡usttfiable beca use most of the ongmal mtxture dtverstty would be relamed 
but that the strategy mtght not be feastble, or destrable to control multtple dtseases In thts 
paper we elaborate on these findmgs by reportmg on the effect on yteld of mcorporanng 
angular leaf spot reststant vanettes to local bean mtxtures We also report on the effects on 
angular leaf spot seventy and }'leld of mcorporatmg reststant vanettes mto local miXtures 
over ttme and locatwn on the yteld contnbutton of the local mtxture and the reststant 
vanety components of the next mtxtures and on the potenttal tmpact of the strategy of 
parttal replacement on local genettc dtverstty 

Matenals and Methods 
Three types of tnals were conducted 1) on statton field tnals to evaluate the effect of 

reststant vanettes on }'leld over three seasons 2) on statton tnals to determme the }'leld 
components of local mtxtures contammg proportwns of a reststant vanety and 3) multt 
locatlonal field tnals wtth collaboratmg non govemment orgamsattons (NGOs) to evaluate 
the temporal and locattonal effects on these new mtxtures The first two studtes were 
conducted at Mulungu statton of the lnstttut Nattonal pour 1 Etude et la Recherche 
Agronomtques (INERA) m the Ktvu regwn of Zatre lts geographtcal and chmatologtcal 
charactensttcs areL 02 19 S 1 28 45 E altttude 1700 m mean temperature 16 2 C and 
ramfall 1845 mm per annum m a btmodal pattern Angular leaf spot IS severe and the 
dommant common bean dtsease For the first senes of tnals 16 m2 plots were sown wtth a 
local farmer bean mtxture supplemented wtth vanous proporttons of a vanety reststant to 
angular leaf spot etther the Centro lnternactonal de Agncultura Tropical (CIA T) breedmg 
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hne BA176 (growth type 11 small gramed black seeded) or A285 (growth type 11 small 
gramed cream seeded) Seeds were sown m a geometnc pattem 20 cm apart and 25 
seeds m2 wh1ch s1mulated local sowmg methods Seed of the res1stant vanety was evenly 
d1stnbuted as e1ther 10% 20% 25% 50% 75% or 100% of seed sown m each treatment 
dependmg on the tnal Each res1stant plant was 1dent1fied Wlth a long peg to d1stmgmsh 1t 
from the components of farmer miXtures Plots were separated by tw1ce the d1stance of the 
plot length to reduce mter plot mterference Soybean (Glycme max L Merr) was planted 
between plots The tnal was rephcated s1x t1mes m the first season and four times m 
subsequent seasons wtth treatments arranged m a randomlSed block des1gn Tnals were 
repeated three times w1th proporttons of res1stance of 25-100% The y¡eld of dry beans was 
we1ghed at harvest The dtsease seventy data of these tnals has been pubhshed prev10usly 
(PyndJI & Trutmann 1992) 

The second senes of tnals wh1ch evaluated the y¡eld components were estabhshed usmg 
25 m2 plots wh1ch were sown as descnbed w1th a local bean miXture supplemented Wlth the 
CIA T breedmg lme A285 at proport1ons of 0% 25% 50% and 100% and sown as descnbed 
above MIXtures were e1ther left untreated or treated every 14 days W1th a miXture of 25% 
a 1 maneb and 50% a 1 methyl th1ophanate at 3 kg ha-• m 1000 htres water from the 
begmmng of flowenng The tnal was rephcated SIX times usmg a random1sed block des1gn 
and repeated two seasons At harvest dry bean y¡eld of the local miXture and the A285 
components were measured m all treatments 

The th1rd senes of tnals were estabhshed m a radms of 22 km around Mulungu m March 
1988 tnals at three locatlons M1t1 Katana and Mulungu and m September 1988 at four 
Iocat10ns Mttl Katana Mudaka and Mulungu Plots 50 m2 were sown Wlth local farmer 
miXtures m1xed Wlth 0% 25% 50% 75% and 100% of the angular leaf spot res1stant CIA T 
breedmg lme A285 and sown eqmd1stantly as pract1sed by local farmers at 250 000- 350 000 
seeds ha-• Tnals were rephcated two times per s1te m March 1988 and three times per 
slte m September 1988 and sown m a random1sed block des1gn Treatments were evaluated 
for y¡eld usmg an analys1s of vanance (ANOV A) OlSease seventy was evaluated as 
descnbed m Pyndjt & Trutmann (1992) 

Results 
The ytelds over three seasons of local m1xtures supplemented W1th A285 or BA176 are 

shown m Table 1 Stgmficant yteld mcreases eqmvalent to 27-33% over the local miXture 
were obtamed by supplementmg farmer miXtures wtth 25% of A285 or 50% of BAT76 
Ytelds also exceeded the expected by 2-22% when the local mtxture was supplemented 
wtth A285 or BAT76 The reststant lmes ytelded stgmficantly more each season than the 
local miXture S1gntficant decreases m angular leaf spot seventy were also obtamed m all 
three tnals and were presented m PyndJt & Trutmann (1992) 

Fungtetde apphcatton stgruficantly mcreased yteld (P =O 001) eqmvalent to a y1eld 
mcrease over unprotected plots of24% and 30% m the local IDIXture and A285 respectlvely 
(Fig 1) These mcreases were attnbuted to the effect of fungal pathogens on y1eld In local 
IDIXtures -supplemented wtth A285 yteld mcreases over the expected were assoetated Wlth 
unprotected plots rather than protected plots In protected plots yteld of local miXture 
components was 21% below the expected when supplemented wtth 25% of A285 whereas 
m unprotected plots they y1elded 4% below the expected a comparattve mcrease of 17% 
When 50% of A285 was added to the local miXture the y¡eld of the local mtxture mcreased 
from 11% above the expected m protected plots to 27% above the expected m unprotected 
plots a comparatlve mcrease of 16% In protected treatments A285 mcorporated to 
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Table 1 Bean y1eld of bean vanetal mvctures consiStmg of a local farmer mvcture contammg 
vanoiiS proport10ns of an angular leaf spot res!Stant var1ety 

Y oeld (kg/ha) 

Percentage Season l Season 2 Season 3 
A285 (BA176) (A285) (A285) 

m local 
moxture Above Above Abo ve 

(%) Actual expected Actual expected Actual expected 

o 609 1387 677 
25 658 131 1858 384 861 147 
so m 96 1840 280 886 135 
75 1874 227 811 23 

lOO 753 1733 826 
LSD (0 05) 134 280 164 

become 25% of the miXture y¡elded 17% above the expected whereas m a Similar 
unprotected treatment A285 y¡elded 41% above the expected yteld a comparatJve mcrease 
of 24% When 50% of A285 was added to the local miXture fung1C1de treatment resulted 
m a 2% A285 yteld mcrease above the expected whereas m unprotected treatJnents A285 
ytelded 18% above the expected a comparat1ve mcrease of 16% These mcreases were 
attnbuted mutual protectJon from fungal pathogens m the new miXture by the miXture 
component and A285 

A combmed analys1s of mulh locatmnal tnal results over s1tes and season shows y¡eld 
d1fferences (P = O 0006) were observed between treatJnents (Table 2) There were also 
y¡eld dlfferences over season (P =O 0001) and s1te (P =O 0001) but no treatJnent by 
season or IocatJon by treatment mteracnon for y¡eld (Table 2) Over seasons and s1te 
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Fig 1 Replacement doagrams of the yteld of local miXture and A285 components plolled agaonst !he 
relatove frequency of A285 m moxtures m plots unprolected and prolected Wllh fung.ade 
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Table 2 General [mear regresston models of year s1te and repilcatlon Wlth the dependent 
varmble yteld m multl locatlonal tnals usmg 0-100% A285 to local n'ILXtures m replacement 

senes tnals 

So urce df Mean square F value Pr>F 

Model 47 441145 5672 7 74 o 0001 
Error 49 57021 5284 
Year 1 8477885 8594 148 68 o 0001 
S1te 5 1813153 1202 31 80 o 0001 
Rephcat10n 13 64629 2343 1 13 o 3256 
Treatment 4 332147 5502 582 00006 
Year x lreatment 4 153959 8199 o 95 04453 
S1te x lreatment 20 40279 0286 o 71 o 8003 
R square =O 881245 e v = t6 99 

Table 3 Effectweness of A285 supplemented farmer bean mutures m mu/tz locatlonal mu/tz 
seasonal trzals on angular leaf spot seventy at gramfil/ and y¡eld 

Percentage 
A285m 

local miXtUres 

o 
25 
50 
75 

100 
LSD (0 05) 

Angular 
lear spot 
(% sat) 

18 7 
12 1 
92 
72 
42 
23 

Observed 
}'leld 

(kg ha 1
) 

1202 3 
1311 7 
1458 4 
1452 o 
1522 7 
160 4 

Y1eld over 
the expected 

(kg ha 1) 

29 3 
95 9 
94 

miXtUres supplemented wtth 50-75% of A285 y¡elded 123-327 kg ha-1 more (P =O 05) 
and all miXtures supplemented wtth A285 were less severely attacked (P =O 05) by angular 
leaf spot than IocaiJruXtures (Table 3) 

DISCUSSIOn 

We have shown for the first ttme that addmg hrgh yteldmg angular leaf spot reststant 
vanettes to local fanner bean nuxtures can result m dry bean ytelds comparable to that 
obtamed from the htgh y¡eldmg reststant vanety culhvated alone However substanttal 
dtfferences were observed between results obtamed on stat10n and m mulh locattonal tnals 
On stahon y¡elds comparable to the reststant vanety culhvated alone were obtamed m two 
out of three seasons by dtsplacmg a quarter of the local mtxture by the high y¡eldmg resJStant 
vanety whereas stmdar responses reqmred displacement of half the local miXture m multt 
locatJonal tnals lt ts eVJdent a strategy of addmg htgh y¡eldmg angular leaf spot resJStant 
vanehes to local bean miXtures m reg¡ons WJth high angular leaf spot pressure can result m 
measurable bean yteld mcreases but may reqmre fanners to mcorporate these vanettes at 
a leve! of 25-50% and more of thetr mixtures dependmg on location 

Yteld mcreases of new mtxtures contammg the resrstant vanety and local mtxtures were 
partly due to the htgher y¡eld of A285 The resistant vanety A285 y¡elded 26-28% htgher 
under disease pressure than the local mixtures m all tnals (Table 4) Also the yteld 
potenttal" of A285 under statton condtttons was clearly htgher than that of the local miXture 

as shown by rts 64% h1gher comparahve yteld over the local mtxture under fungtcide 
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Table 4 Summansed results of the percentage bean yzeld zncrease over local bean miXtures 
by replacmg proportzons of local mu:tures wuh the angular leaf spot reszstant varzety A285 

Percentage 
A285 

Y1eld expressed as percentage above y1eld of the local mixture 

m local 
m1xtures 

25 
50 
15 

100 

(%) Observed 

306 
31 8 
27 8 
286 

On stat10n tnals 

Expected1 

59 
118 
17 6 

1Attnbuted lo h1gher y1eld of A285 

D1fference> 

24 7 
200 
102 

'Attnbuted to reduced angular leaf spot seventy 

M ult1 locatJanal tnals 

Observed Expected1 D•fference> 

9 1 67 24 
21 3 13 3 80 
20 8 200 08 
26 6 

protectton 1lus of course may not mean much as local mtxtures are selected by farmers 
for very stte spect1ic on farm condttlons m whtch A285 sttll needs to be tested (Trutmann 
Voss & Fatrhead 1993) 

Non-compeuuve btolog¡cal factors m A285 supplemented miXtures rather than com 
petttton as defined as phystcal mteract10ns by Clements Weaver & Hanson (1929) appeared 
responstble for y¡eld mcreases above the expected We base thts vtew on the observatton 
that no y¡elds above the expected were recorded when treatments were protected wtth 
fung¡ctdes whereas wtthout protectton substanttal y¡elds above the expected were observed 
m both the local miXture and A285 components and the new miXture as a whole Hall 
(1974) also descnbed non-compettttve effects of nttrogen fixatton on the y¡eld ofTownSVllle 
stylo (Stylosanthes hU11Ulzs) on Rhodes grass (Clhons gayana) to be an tmportant factor m 
plant mterference In our studtes y¡eld above the expected appeared to be a drrect measure 
of the effect of dtsease control through mutual protect10n by A285 and the local miXture 
components of d15eases to whtch one component was geneucally susceptible mmus any 
competlttve effects whtch were not measured On thts basts we beheve most of the on 
statton yteld mcreases when a reststant vanety dtsplaced 25-50% of the local miXture were 
due to a reductton m dtsease seventy whereas m mult1 locatwnal tnals most of the y¡eld 
mcreases over the local miXture carne from the genet1c potenttal of A285 (Table 4) 

PyndJt & Trutmann (1992) suggested the replacement of 25% of a local miXture mtght 
be an effecttve treatment agamst one local dtsease but multtple mtroducuons of smular 
proport10ns mto local mixtures to control dtseases IS hkely to lead to a senous eros10n of 
local gennplasm Yteld data from the same on statton tnals presented m thts paper (Table 
1) show that yteld m creases can also be obtamed by replacmg a quarter of the local miXture 
wtth reststant vanettes Results from the mult1 Jocattonal tnals also support the prevtous 
findmgs that mcorporatmg 25% of A285 mto local miXtures can stgmficantly reduce the 
seventy of angular leaf spot (Table 3) However 1t 1s clear that m mulu locauonal tnals 
other y¡eld bmttlng factors masked benefits from angular leaf spot control as half the 
farmers miXtures needed to be replaced wtth A285 to observe y¡eld mcreases There the 
y¡eld mcreases carne mamly from the mtnnstc htgher yteld potenttal of A285 rather than 
from yteld above the expected (Tables 3 and 4) These other hmttmg factors reqmre 
concurrent control to enable the benefits of angular leaf spot control to be expressed m 
y¡eld 

Gtven that up to half of local mixtures had to be replaced to obtam measurable yteld 
mcreases from htgh yteldmg reststant vanettes the use of a gennplasm replacement strategy 
should be of concem to agncultural sctenttsts to tmprove long tenn producttvtty of sttll 
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httle understood agncultural systems wh1ch mclude h1ghly d1verse vanetal miXtures The 
mcorporat10n of new res•stant germplasm can result not only m h1gher yteld but also m 
senous eros1on of the dJversJty of Iocally adapted bean germplasm whose benefits we are 
only begmmng to understand Nevertheless a part.al replacement strategy has the ment of 
leavmg a proport1on of local germplasm mtact and as such JS agroecolog¡cally more deSJrable 
than the total d1splacement strategy w¡th HYVs used to date 

Farmers mdJcate a strong preference for the1r vanetal miXtures because of the1r y1eld 
stab1hty and y1eld 1t may be that for these reasons most farmers would subst1tute only a 
small proport1on of the1r miXtures w1th a new h1gh }'leldmg res1stant vanety If th1s were 
the case there would be httle concem for genet1c eros1on but how would IIDpact be 
measured? In fact Jt appears farmers do not necessanly adhere to the1r miXtures 1-hstoncally 
farmers have changed the1r miXed systems for umvanetal systems Beans became Wldely 
grown m umculture m Kenya and Uganda dunng the European occupatlon and m Tanzama 
through the pohcJes of the govemment In Rwanda farmers have recently adopted umv 
anetal stands of the h1gh }'leldmg chmbmg bean G2333 wh1ch has been strongly promoted 
by CIAT and the NARS (Anon 1991) Voss (1992) who strongly argues agamst the 
d1splacement of vanetal miXtures suggests that pohc1es could be Implemented to d1scourage 
people from developmg umvanetal preferences G1ven that genet¡c d1vers1ty especJally 
mamtenance of the genetlc base and preventlon of genehc vulnerabdity are acknowledged 
as 1mportant to sustamable agncultural product1on (Anon 1989 Wllkes 1992) 1t wlll be 
cntlcal to better understand the 1mpact of the germplasm replacement strateg1es on genetlc 
d1ver~1ty m crops and on farmer d1sease management optwns espec~ally m reg¡ons where 
there JS much social or pohhcal pressure to mcrease crop productJvJty 
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Seed treatments mcrease y1eld of farmer vanetal 
field bean mixtures m the central Afncan 
h1ghlands through multiple d1sease and beanfly 
control 

Peter Trutmann § K B Paul' and Dav1d C1shabayol 
Centro /nternactonal de Agncultura Troptcal (CIAT) AA 6713 Calt Colombta 'USA/O Farmmg 

Systems /mprovement Pro¡ect (FSIP) Rwerere Rwanda and 1/nstttut des Sctences 
Agronomtques du Rwanda (ISAR) BP 138 Butare Rwanda 

Abstracl Seed treatments wJth fungtc des to control seed borne and root dtseases of Phaseolus ulga lS and the1r use 
wtth an tnsecttctde trealment to control heantly ( Ophtoml ta spencerel/a) were evaluated tn dtverse regtons of 
Rwanda Benomyl reduced the se enty of dtseases caused by Colletot rchum lmdemUlhranwn Phaeorsarwpsts 
g 1seo/a and Phoma engua var dt ersrspora Multtregwnal multtseasonal on farro tnals usmg benomyl 
thtram and the msecttctde endosulfan reduced the seventy ofseed borne dtseases and beanfly and mcreased 
y1elds of dt erse vanetal bean mtxtures by 251 m regtons above 1400m m ele atton Combmed treatrnents 
mcreased bean y1elds 17 1 and 35 1 respect1vely 10 the September and March seasons Seed treatments w1th 
endosulfan alone mcreased y1elds by 17 1 m muluseasonal multueg10nal tnals through y1eld mercases m the 
March season but not m the September season owmg to low beanfty pressure Y1eld mcreases from 
endo"ulfan apphcat1ons alone occurred m reg10ns below an ele auon of 1700 m A presowmg seed treatment 
of benomyl th1ram and endosulfan was effect1ve o er the broadest range of condltlons Seed treatments can 
reduce farmers nsk of damage from mult1ple d1seases and beanfty thus substant1ally mcreasmg on farm 
bean produchv1ty they are effect1 e w1thout promot1ng genet1c eros1on of the dtverse bean vanetal mtxlures 
used by local fanners m the Great Lakes regwn of Afnca as can occur wtth geneuc replacement strategtes 

Keywords Seed treatments Phaseolus vu/gans subs1stence farmmg IPM mulhple d1sease control beanfly control 

lntroductlon 

Chromc food defic1ts and h1gh populauon growth rates m 
Afnca have caused senous concem tn the mternatlonal 
commumty and ha ve resulted m allocauon of substant1al 
a1d to the contment Many mternallonal agnculture 
research centres (IARCs) funded by the Consultallve 
Group for Internat10nal Agncultural Research (CGIAR) 
now ha ve projecls w1th Afncan mslltullons m an effortto 
develop technolog1es that w1ll augment producllon of 
staple foods 

Phareolus vulgam L IS the pnmMy so urce of protem and 
an 1mportant source of carbohydrates m the h1ghly popu 
lated h1ghlands of the Great Lakes reg10n encompassmg 
Burund1 Rwanda the K1vu reg10n ofZmre and south west 
Uganda It 1s an 1mportant protem source m many other 
Afncancountnes(CIAT 1981) In theGreat Lakes reg10n 
and other Afncan countnes beans are predommantly 
grown as vanetal m1xtures on small fanns (Alfen el al 
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1989) wh1ch m the study reg10n average O 5 ha Mean 
on fann y1elds per sea•on m Rwanda are esllmated as 
-850kgha 1 (Anonymous 1984) 

Together w1th low s01l fert1hty d1seases are a maJor 
constramt to bean produc11on Control of d1seases m 
d~agnost1c tnals caused y1eld mcreases of 300-500 kg ha 1 

(Perreaux 1986 Trutmann and Graf 1987) S1m1larly 
control of msect pests predommantly Op/11omyta spen 
cerella Greathead (D1p\era Agromyz1dae) known as 
beanfly mcreased y1elds by -150 kg ha 1 (Trutmann and 
Graf 1987) The predommant d1seases are angular leaf 
spot caused by Phaemrarwpm gnseola (Sacc ) Ferrans 
anthracnose caused by Colletomchum /mdemuthtanum 
(Sacc et Magn) Bnos1 and Cav Phoma bhght caused by 
Plwma engua (Bub) Boerema var dtverstspora and roo! 
rots assoc1ated pnnc1pally w1th Fusanum oxysporum Sch 
lecht f sp phaseo/¡ Kendnck and Snyder All of these are 
e1ther seed borne or s01l borne Crop vulnerabli1ty to these 
b10log1cal constramts contnbutes to chromcally low y1elds 

Many convenhonaltechnolog1es lo mcrease bean y1elds 
through d1sease and msect pest control are constramed by 
econom1cs cultiVahon pract1ces and SOCial factors Even 
the gennplasm strategy successfully employed by IARCs 
on other contments 1s hm1ted m many reg10n• of Afnca 



owmg to farmers use of and preference for complex 
vanetal mixtures that v1ry between field farmer and 
reg1on Under these constramt• the strategy of chem1cal 
seed treatments was cons1dered as a supplement to other 
technolog1es Such treatments are cheap easy to apply and 
use m1mmal amounts of chem1cals wh1ch are targeted lo 
seed befare sowmg Seed treatments are also effechve 
agam•t muh1ple pathogens and pests and unhke res1stant 
germplasm can be effecuve on the broad range of mixtures 
used by farmers w1thout d1IU!10n of 1ts effect and do not 
erode the genetlc d1versny of farmers bean m1xtures 
through d1splacement of the m1xture components 

Chem1cal seed tre1tments are w1dely used m the north 
ern hem1sphere and m Brazd for numerous cereal as well as 
legume crops such as beans and soybeans (Lama Ha1r 
ston and Boyd 1982 Wllhs 1983) Seed treatments have 
been reported to be effecuve agamst root rots of beans 
caused by FlL<armm spp (Papav11.as and Lew1s 1975 
Gomez and Maya 1978 Wllhs 1983) Pythmm •pp 
(Papav1zas et al 1977 Locke et al 1983 Abaw1 Cros1er 
and Cobb 1985) and Rluzoctoma solam Kuhn (Papav11as 
and Lew1s 1975 Segura and D~az 1975 Abaw1 et al 
1985) They are often effect1ve agamst seed borne patho 
gens (INTA 1980 Papav1zas and Lew1s 1975 Bolkan de 
Sllv13 and Cupertmo 1976 Elhs Galvez and Smcla1r 
1977) Treatment of mfected bean seed has been found to 
be benefic1al m decreasmg mfect10n (Eihs Galvez and 
Smcla1r 1976) mcreasmg germmat10n and surv1val (L1ma 
1980) emergence (Tanaka and Correa 1982) and 
occas1onally y1eld (Smy H1gazy and Farahat 1974 
Papav11as et al 1977) Y1eld mcreases Wlth seed treatments 
ha ve also been reported for other crops (Pedersen Perkms 
and Wh1te 1986 Wnght and Hughes 1987) 

The objechves of th1s •tudy were to evaluate the 
effect1veness ofa number offung1c1de. to control root rots 
and the pnnc1pal seed borne pathogen• of P 1Ulgam m 
Rwanda The combmed effect of fung1c1des wlth endo 
sulfan as a treatment to control d1sea•es and beanfly was 
then evaluated m multlsea.onal mult1locdhonal on farm 
tnals The use of endosulfan developed by Irvmg m 
Zambm (CIAT 1986) and Autnque 1n Burund1 (Autnque 
1987 Autnqueand Lays 1987) wasalso furtherevaluated 
and compared w1th the combmed treatment 

Materlals and methods 

lsolabon and ldent111callon 

Thoroughly washed necrot1c roots of beans collected from 
the Za1re-N1le D1v1de and the Central Platean of Rwanda 
were surface stenhzed usmg 701 ethanol for 1 mm and 
nnsed tn stenle water Interface reg¡ono; of tnfect10n were 
transplanted to potato dextrose agar (PDA) and cultured 
at 25 C Thoroughly washed root p1eces were also placed m 
Petn d1shes contammg stenhzed d1sUlled water After 1 2 
and 4 days roots were evaluated for phycomycetes Fung1 
1Solated were sent for confirmat1on lo the lntemdtlonal 
Mycolog1cal lnstltute Kew England Fohar pathogens 
were 1dent1fied accordmg lo Schwartz and Galvez (1980) 
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and the loc1l be1nfly •pec1es w 1s 1denhfied usmg CIAT 
( 1986) 

Seed treatment tnals 

Chenncalr and comentrallons In the first season seed was 
d1pped m a slurry ofbenomyl [15 g wettable powder (w p) 
m 50 mi w1ter per k1logram ofseed] or m a metalaxyl slurry 
of 7 5 g w p m 50 mi water S1m1larly seed was d1pped m 
1 5 g 80 1 th1ram or m 2 5 g of a m1xture of captan 101 
th1ram 26/ and d1azmon 21/ or m 3 g endosulfan per 
k1logram of seed Untreated seed was used as a control In 
the second season the rates u sed per kllogram of seed were 
2 O g benomyl 2 O g carbendaz1m O 5 g metalaxyl 1 5 g 
th1ram and 1 5 g endosulfan In on farm tnals concentra 
110ns of 1 5 g e1ch of benomyl and th1ram were used per 
k1logram of seed m the Bubaruka H1ghlands m 1986 
Endosulfan was U'Cd at 1 g kg 1 seed Followmg results 
from stat10n tnals the dose of benomyl was reduced to 1 g 
kg 1 seed m the I987 and 1988 tnals m the Za1re-N1le 
D1v1de Central Plateau and the shores of Lake K1vu 

Seed treatment procedure Each chem1cal was we1ghed 
added alone or m combmatlon wlth other chem1cals to 
prewe1ghed seed m a plast1c bag m01stened w1th a few 
drops of water shaken and left for 30 mm befare sowmg 

On stauon mal procedure In September I986 at Gaseny1 
stat1on of the ProJet Agncole de K1buye s1tuated at an 
elevatwn of 2000m on the Za1re-N1le D1v1de benomyl 
metalaxyl th1ram a m1xture of th1ram captan and d1a 
zmon and endosulfan were evaluated for control of root 
rots and seed borne d1seases On plots of area 8m2 w1th 
1 m borders seed of a local bean mixture was sown m an 
eq111d1stant pattern as used by farmers at the rate of60 seed 
m 2 Treatments were rephcated five times usmg a ran 
dom1zed block des1gn 

In Apnl 1987 products were combmed to determme 
whether such combmat1onscould control root d1seases and 
to evaluate the effect of mcludmg endosulfan m them At 
Gaseny1 statlon plots of 1Om 2 separated by 1 m were 
prepared Seed was treated wnh ( 1) th1ram and benomyl 
(2) th1ram benomyl carbendaZim and metalaxyl (3 and 4) 
treatments (1) and (2) wnh endosulfan and (5) benomy\ 
and endosulfan Seed was sown atan eqUivalent dens1ty of 
50 seed m 2 Untreated seed was used as a control 
Treatments were rephcated five times usmg a randomiZed 
block des1gn 

011 farm mal procedure Mulhlocatwnal multlseasonal 
ln'lls were conducted m the Bubaruka h1ghlands dl 1800-
2000 m the Za1re-N1le DIVIde at 1900-2000 m the Central 
Plateau at 1600-1700m and the shore of Lake K1vu at 
1450 m usmg a combmauon of th1ram benomyl and 
endosulfan Endosulfan alone was tested at the above s1tes 
and at Buga'Cra at 1300 m Plots of area 10 m1 separated 
by O 5 m were used for seed treatments Seed wa> sown by 
farmers at local dens1hes wh1ch vaned between 35 and 50 
seed m 2 dependmg on farm field and season Untreated 
seed was used as a control Three tnals each w1th two 
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T ble l Elfec1 ot se d t eatme ts w lh sorne che m cals o pi a t de s ty 
SI tlon (Z e-N le O de) Sept mb 1986 

PI t d ty 1 h rv SI Be fly se ty 
T tm t ( h ) (1 9) 

Cont 1 259000 1 o 
Be myl 265000 1 7 
M t la yl ! 55000 1 o 
Th m 25!000a 1 o 
Th ram+ pt +d 219000 1! 
E do ulf 210800a 1 o 

1 ots b anfly f 1 a dlsea e nd app o mate be y eld t G s y 

R ot tse ty A th Ph ma bl ght V go 8 y Id 
(1 9) ( /1 ( 1) (1 9) (kgh ) 

3 7 b 10 6 b 10 2 b 54 775 b 
20c !k 62b 3 Sbe 875 
2 lbe 5 Oh 11 8 b 3 3 600 
2 &be 8 7 h 91b 4 1 be 875 
1 9c 12 o b 9 8 b 5o b 850 b 
2 6be !4 9a !2 S b 4 8 be 62Sbe 

Se y 1 ymp m 9 yse re pece ge fce ea ITeced g 1 cdl 19 d d y Id pe pi w met edl h res IOOs mbcn: che 
m 1m f 11 wedhy h m 1 n:d cdiT g fea lly(p-005) ccod gt O m ltpl ra g t 

T bl 2 Effect ot s d t eatme ts w th comb al o s ot p oducts o oot ts b fly and th ac ose at G y Stat o (Za e-N le DI de) 
Aprll 1987 

PI t de ty 1 harvest 8 fly~ e ty Root rol tty Anth 05e 

Treatment (n h ) !1 9) ( 1 9) (/) 

e t ol 351000 b 53 44 18 4 
Th m+benomyl 328 200b 44 38be 1 6b 
Th m+ca be d zm+m 1 1 yl+ben myl 377 800 b 47 4 o b O 5b 
Tho m+ be omyl + ndosulfa 317800b 2 2b 3 5 be 1 lb 
Th ram +ca be daztm +be myl+ d lf 408000a 2 6b lOe 1 6b 

A Tbl 1 mbers h m 1m f 11 wedbyth sam 111 d tdfTer g fica ly(p 005) ce d g O m 1 pi g 1 t 

rephcat10ns per treatment were conducted for two seasons 
m each regton 1 n northern R wanda tnals were sown on 

etght fanns one rephcatton per fann 
In three tnalstn the Bubaruka h1ghhnds tn 1987 and the 

Central Plateau and shores of Lake K1vu m 1988 the 
combmatton of th~ram benomyl and endosulfan was 
compared wtth endosulfan alone and fung~c1de alone 
Each lnal was rephcated s1x limes per reg~on 

D1sea.re eva/uatwn Plants were evaluated for root rol and 
beanHy at the fourth compound leaf stage (V4 CIAT 
1987) usmg the mean ratmg of JO plants per plot w1th a 
seventy scale of 1-9 ( 1 no symptoms 3 mtld symptoms 5 
moderate symptoms 7 severe symptoms and 9 50 1 or 
more of plants dead) In later tnals pupae at V4 were 
counted usmg 10 plants per plot Fohar dtseases were 
evaluated at gratnfill (RR CIAT 1987) accordmg to 
percentage fohar surface area affected 

Hanewng and t<e1glomg At harvest plant den'lty and 
yteld per plot were recorded Owmg to equtpment short 
ages yteld m the first on stat10n tnal was measured to the 
nearest 100 g In on fann multtlocatJOnal tnals yteld was 
measured to the nearest gram usmg portable balances 
aocurate to the nearest gram 

Stallsllca/ analysu Results were analysed ustng a 
two way A NOVA and means were separated usmg Dun 
can s multtple range test 

Resulta 

Seed treatment tnals 

On statwn mals Results of the September 1986 tnal are 
presented tn Tahle 1 BeanHy pressure was very low 
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Benomyl and the combmatton of thtram captan and the 
msectte~de d~azmon s•gntficantly reduced root rots 
Tluram alone d1d not reduce root rot seventy tmplymg 
that captan rather than th~ram was the effecttve fungtctde 
tn thecornbmat10n In metalayxl treatments phytotoxtctty 
was observed at early stages ofthecropdue to htgh product 
concentratton and although root rot seventy was not 
reduced "gmficantly roots appeared to be cleaner than 
after other treatments Infected roots y•elded h1gh pro 
porttons ofF oxy<porum and rarely phycomycetes Only 
benomyl treatments stgmficantly reduced anthracnose 
seventy No treatment stgmficantly reduced Phoma bltght 
although numencal dtfferences were observed between 
\reatments Planls m treatments wtth benomyl and meta 
laxyl showed stgntficantly better vtgour Stgntficant dtffer 
ences m crude gram y1eld were observed between 
trc ltments Combmatton• of fung1ctdes m the M1rch 
season dtd not reduce root rot seventy but root rol and 
beanHy seventy were stgmficantly lower m treatments 
contammg endosulfan (Tahle 2) No treatrnent s1gmfi 
cantly mcreased plant denstty at harvest m companson to 
the control Anthracnose seventy was stgmficantly reduced 
tn •11 fungtctde combmat10ns contammg benomyl or 
carbendaZim 

On farm trrals In a general analysts of seed treatment 
w1th th1ram benomyl and endosulfan tn multtlocattonal 
multtseasonal tnals tn Rwanda there were s•gmficant 
reduct10ns m the seventy ofroot rots beanHy angular leaf 
spot anthacnose and Phoma bhght but not Houry leaf 
spot (FLS) caused by Mycovellos¡el/a pha.reoil (Drum 
mond) Detghton (Table 3) Overall dry bean yteld was also 
mcreased by 25 1 Reducuons m dtsease and beanny 
seventy were observed tn both growmg season• but were 
greatest m the March sea•on (Table 4) No s1gmficant 
reducttons were observed m the September sea'ion m root 
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1 able 3 Elf t o e eg d se o ollh am + b omyl +e d sull seed 1 eatm t o ot rol b a 1/y f 1 a d seases a d o f m be 
yeld o famt 1 Rw da 

R 1 tse ty Bea fty "' ty A g 1 1 f p 1 A thr "' Ph m hl ght fLS 8 y Id 
T tm 1 (1 9) (1 9) (/l (/) (/) (!) (kgha ) 

U te 1 d 45 3 1 62 5 1 64 49 825 1 
Th m+be myl+ d lf 35 1 4 3 3 14 28 4 1 1035 8 

p 0000 o 000 o 000 0000 0000 o 2'4 o 000 

A T hl 1 f1 y k (poi 

Table 4 Elfect o e eg o s pe season of lh am be omyl a d endos 11 seed 1 atme t o o 1 ot bea fly f 1 di ase a d f m bea 
y eld 1 o 1 m t als n Rwa da 

G w g 

Septembe March Ap 1 

D S p<l y Id Ut ted Th ram+ben myl+e do lf p Ut 1 d Th m+be myl+ d S lf p 

Ro t rot se ~n\y 40 3 5 o 147 50 1 4 o 004 
8 nfly se e ty 1 9 1 2 0029 3 8 16 0000 
Ang 1 1 fspot (1) 1 5 09 o 146 96 54 o 000 
Anth ose(/) 37 11 0003 59 1 6 0000 
Ph ma bl ght ( 1) 65 3 1 o 017 65 2 7 0000 
FLS(/) 65 50 o 470 44 38 >O 500 

Y Id (kgh 1025 2 1195 8 o 024 688 7 926 8 0000 

A TM 1 A T hl J 

T bieS Effe tpe ego o e seas sofseedt tm tswthth am ben myl de dos Ita de dos 11 alo e bea y eld on f m 

l als Rwanda 

T tm 1 Za NI D d 8 b k H ghl 

u tre t d 377 7 1160 7 
Th m+be omyl+ d lf 617 2 14403 

p 0000 o 001 

U te t d 775 o 1160 7 
E dosulr 645 9 1121 5 

p o 326 >05 

M rchse ly 1 """' 
T bl 6 Effect o seas s of e dosulla seed treatment o ot ot 
a do la mbea y etd o ta mt ia\sl Rwa d 

Be n y ld(kgh 

Treatm 1 S ptember M h Ann al 

Ut ated 6590 704 o 673 2 
E do 1r 656 5 851 5 789 6 

p ns 0004 o 002 

tgficat 

rol Angular leafspot and beanfly seventy were very low m 
the September season beanfly and dtsea'!e seventy were 
more severe m the March season Corre•pondmgly 17 1 

N tu go fRwand 

d e 1 1 PI te Sh re f L k K 8 gase 

1202 3 340 6 
1375 o 528 S a 

o 057 o 012 na 

7399 340 6 411 5 
917 1 627 1 571 3 

0031 o 034 0004 

and 35 1 yteld mercases were recorded respecuvely m the 
September and March seasons Yteld mcreases wtth the 
combmed seed treatment between 14 and 63 1 were 
recorded m the regfons tested ( Tahle 5) 

A general analysts of results from endosulfan treated 
seed shows a reductton m beanfly and d 17 1 yteld mcrease 
(Table 6) Endosulfan produced no yteld mcrease m the 
September season but tncreased yteld by 21 1 m the 
March season whtch correlated wtth htgher beanHy 
seventy m R wanda Y teld mcreases from endosulfan alone 
were observed only m regtons below 1700 m 

In comparattve studtes the use of endosulfan alone 
when beanfly pressure was low and dtsease pressure 
moderate produced numencally but stattsttcally mstgntfi 
cantly lower ytelds than controls ( Tahler 1 and 7) When 
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Table 7 Eff el f o fa m s d 1 e tme ts the orth h glll ds of Rw d Ap 1-J ly 1987 d se nd be y eld 

Beanlly enty R 1 ol e ty A th os Phom A gul 1 fspol Be y eld 
T tment (1 9) (1 9) ( 1) (/) ( 1) (kgh 

Ut t d 22 4 1 6 1 87 54 1377be 
Ed Ir 1 lb 3 9a 57 88 4 5 b 1326c 
Th m+be omyl 20 38 4 Zab 66 3 Jbe 1685ab 
Th m+be omyl+e d s lf 1 Ob 3 9a 3 Jb 69 29 1728 

A T bl 1 

Table 8 Effect of eed t eatme ts w th th m ben myl a d e d lfan d be omyl o dosulfan lo e on pi 1 dens ty bes fly folia 
d seases a d yteid ol late sow beans al L ke K u Rwa da Ma ch-July 1988 

Plant d ty 1 h rvest Be Hy A g 1 1 fsp 1 Ph m bl ght Be n y Id 
T tm t ( o ha ) (pe ce tag fplants lt ked) (/) (/) (kgh ) 

Unt ted 139000b 560 9 2a 15 Oa 340b 
Be omyl IJJOOOb 53 5 5 Ob 10 7b 346b 
Endos lf 228000 1 5b 5 Ob 8 Jc 627 
Be omyl + do 1r 226000 4 Ob 5 Ob 11 6b 512 
Th m+be myl+ d 1r 250000 3 5b 5 Ob 50d 529 

Prcctge ""' "' 
lfect d 1" th ,.m lm r 11 wWbyth mi d dff g fica tly(p-005) =d. D mltpleragtt 

T ble9 Elfectofseedt e tme tswthth am be myl de dos lf compa edwthe dos 11 lo e o pi tde ty beanfly folia dtseases 
a d be y eld of late s w bea s th Ce t al PI t u Rw d Ma ch-J !y 1988 

PI a td ty at harv t BeaHyppe 
Treatm t (no h ) ( o pe pla t) 

Ut ted 70700b 14 3 
Ed 1r 128 200 b OOb 
Th m+ben myl + endos lf 186800a 2 Jb 

A T bl 8 

beanfly pressure was h1gh and d1sease pressure moderate 
the use of fungtctde alone d1d not mercase y1eld (Tahle8) 
Y1eld mercases observed when the endosulfan was com 
bmed wtth benomyl and thtram always produced y1elds 
supenor or equal to the use of etther msect1C1de alone or 
fungtctdes alone (Tables 7-9) 

Dlscusslon 

Funglctde seed dressmgs can reduce the •eventy of 1m por 
tant seed borne d1seases of beans m the h1ghlands of 
central Afnca where dtseases hmtt product1on Y1elds can 
also be augmented w1th a seed treatment for beanfly 
(Autnque and Lays 1987) !he maJar msect pes! ofbeans m 
Afnca When these strateg1es are combmed seed treat 
ments provtde a powerful too! to mercase bean productton 
m subststence agncultural systems 

The combmed use of benomyl th1ram and endosulfan 
mcreased on farm bean ytelds over natural regtons by 
173-240 kg ha 1 m September sowmgs and by 170-238 kg 
ha 1 m March sowmgs Usmg est1mates of consumpt1on 
per head for R wanda of 60 kg year 1 the use of a 
combmed seed treatment could prov1de beans for an 
add11tonal 5-8 persons ha 1 year 1 

No fungtc1de seed treatment reduced damage of root 
rots assoc1ated w1th F oxysporum Results were contrary to 
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A th e ose Ph ma bl ght A g 1 r leaf spot Be y Id 
(/) (/) (/) (kgha ) 

O Ja 3 5 15 3 118b 
00 O Ob 18 Oa 214 b 
Ola O lb 12 6a 284a 

md1cat1ons m the hterature wh1ch show benomyl as 
effect1ve m controllmg FusariUm roo! rots (Gomez and 
Maya 1978 W1lhs 1983) Plant mortahty contmued 
throughout the growmg season and resulted m httle 
d1fference m plant dens1ty al harvest between treatments 
As roo! rots were reduced from severe to modera te levels m 
the second season usmgendosulfan an mteractton appears 
lo ex1st between beanfly attack and severe roo! rol 

There was ev1dence of complementanty among the 
chem1cals m protectmg the local bean mixtures agamst 
vanous b1ologlcal constramts The largest y1eld mercases tn 
medmm to h1gh allttudes carne from the fung1c1de campo 
nent whereas al lower altitudes dunng severe beanfly 
attack yteld mcreas"' carne matnly from the msect1c1de 
componen! Thus combmed treatments would prov1de a 
lower nsk lo farmer s mvestment m companson lo usmg a 
fung1c1de or msect1c1de alone 

Product combmatlons could be further targeted to 
1mprove thetr effic1ency Spec1fic formulat1ons should 
depend on country reg10n and season and the capac1ty of 
countnes to vary formula!tons In Rwanda the benefit 
from endo•ulfan appears to be hm1ted to the March 
growmg season or late sowmgs when beanfly attack 1s 
severe Fung1c1de treatmenliS unhkely lo be effect1ve tn the 
low lymg regtons where d1seases are nol a maJar con 
stratnt 1 n each country d1agnos1tc work and w1de rangtng 
on farm testmg 1s essent1al for eflic1ent targettng of seed 
treatments 
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CIAT(I986)P dR(IIR F/liklpAIT 
/6 20 N h 1916 P Af k 1 p N 1 (Ed by O J 
All nd J 8 Sm ths ) C t 1 t 1 d Ag cultura T p 1 
C 1 C 1 mb IR pp 

CIAT (1987) SI d d S 1< f 11 E 1 1 f 8 G pi 
(Comp led by A a Scho h d M A P stor Corrales) C t o 
lntern 1 de Agnc hura T re 1 Cal Columb 54 pp 

Elll M A G 1 r F a d ~ 1 J R (1976) Efecto de t 
f g td s b 1 g rm d S<m 11 fect d d f J 1 (Ph 1 
..,¡g ) T lb 26 399 402 

EllsMA Gle 
ttmntd mil 
caldds brelagrm 
37 39 

C E d S 
de fnJol (Ph 

o d 

1 J 8 (1977) Ffect d 1 
1 lg )db ayml 

o sd mpo T lho21 

G m r G A d M y 1 F (1987) E 1 d 1 R m¡/50 1 
Co 1 ol d D mp g ff y P a 10 R d cul PI 1 las d F t) 1 
(Phas 1 s lg 1s L ) Thes s U s d d N Cl n 1 de Colomb a 
Medelln C 1 mba 67pp 

INADES(I989) K g mh 1 J b 1 h m 1 1 tt t Afnca de 
De loppem t Ec n m q (INADES) fonnat on K gal Rw d 
40pp 

INTA (1980) P 1 D s f d 5 m 11 P f d d d d S mb 
H 1 Jnf m r N 4 1 t 1 toN t o 1 de Tech ol g1 Ag pec 
na Met A g t Secretar a de Est d d A tos Ag d 1 
P n adeS Ita 2pp 

L m C JI lnt W C d Boyd A 11 (1982) P 1 1 L 1 f S d 
T 1 r Che 1 Seed Tech logy Lab rato y M p St te 
U styMs pUSAI5pp 

L m P R d A (1980) Ef 1 d e 1 El 1 p 1 e d 
T 1m 1 F g d b Q lddetkSm 1 d Fe¡ (Phse 
lus lgar s L ) M Se th s s U m e s ty S o P lo Bra11l 60 pp 

Locke J C P p Iras G e Lew J A Lum d R D dK t 
J 8 (1983)C 1 lofPyth1 mblghtofsnapbeansby eedtre tment 
w th syst m e fu g des PI 1 Du 67 974 977 

Pap zu. C C 1nd Lewl J A (1975) Effect ofseed tr tm t w th 
f gtCJdes o be rots PI 1 D Rpt 59 24 28 

P p l<as, G C L\1111<iden R D Ad ms P 8 Ayers W A d 
Kant es J G (1977) Control of Pyth m bhght o be w th etha 1 
a d proth oca b Ph 1 p 1h 1 gy61 1293 1299 

Pedenen W L P klns J M nc1 Whlt D G (1986) E 1 t o of 
capt seed t eatm t for e PI 1 D 10 45 49 
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1' rr O (1986) Phyt p th 1 g 1 R pp 1 A 11 sttlttd 
<ic ce Ag m1ques du 8 und1 BP 375 8UJ mb ra B und1 

&hw rt H F d Gal G E (1980) 8 P d 1 P h/ m 
D 1 1 S 1 d Cl m 1 C 1 1 f Ph s 1 s ulg 
C t 1 t on Id Ag ult T pcai(CIAT) AA6713 e 1 
C Iomb 424pp 

&g r 
PI 1 
Rl 

dOi 
lg 

1 

P C (1975)T t m ntoasemll sypl t 1 d 
o be omyl (B 1 te) p pre en 1 1 qu de 
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