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The impact of pathogens and arthropod pests on common bean production in

Rwanda

(Keywo ds p oducto constrants o farm dagnostc eseach Ph seol s vuiga s Rwa da)

P TRUTMANNt and W GRAF%

Centro Internacional de Agncultura Tropical (CIAT) AA 6713 Cah Colombia

Abstract. The ecc omc mportance of dseases a d pests o

common bea poducton n Rwa da was  estgaled sng o

fam dag ostc t als mult egesso models and nato al
p oducton nformaton Dsease a d arthopod pest co tol e
sulted especively yeld ceases of 447-497 kg ha ' and
158-233 kg ha ' Natonally annual dry bea losses fom ds
eases we e estmated to be 219300 tonnes o US$899 milon
and fom arth opod pests 79800 to es o US$327 millio

Majc losses usng m Ihregresso models were attrbuted to
a gula leaf spot (56656 tonnes) a th acnose (35925 tonnes)
floury leaf spot (30264 to es) phoma blght (27513 ton es)
ust {15667 tonnes) a d oot ots (14690 tonnes) Mult
eg esson models were less useful e planng losses tom
pests possibly due to the qualty of data With esults fom
nato al e dosulfa seed teatment trals t was co serval ely
estmated that beanfles principally Ophomya spence ella
ed ced bean yelds nato ally by 18000 to The es lts ha e
ele ance fo eseach and polcy p o tes fo bean research ot
oly Rwa da but also n agroecologcally smlar ego s the
G eat Lakes egon of Afrca

1 Introduction

Projects to increase production of subsistence crops in
developing countries are generally justified using the best
avallable wmformation on produchon constraints Unfor
tunately often the information 1s descnptive or not on
tfarm based but rather biased towards problems found on
research statons (Allen et af 1989) To set effective prion
ties for national and international research on subsis
tence food crops it 1s essential to obtain information of
constraints under farmers conditions

Phaseolus vuilgaris L 1s the pnmary source of protein
and an important source of carbohydrates in the highly
populated highlands of the Great Lakes region encom
passing Burundi Rwanda the Kivu regon ol Zare and
southwestern Uganda For example in Rwanda beans
provide a third of the total protein intake and an eighth of
the carbohydrate consumpton (Pachico 1889) Numer
ous diseases and pests as waell as fertiity were thought to
be mporiant bean production constraints in the Great
Lakes region but empincal data were not available (CIAT
1981) When the Centro Inlermnacional de Agrncultura
Tropical (CIAT) established a regional bean programme
systematic on farm diagnostic research with national
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research mnsttutes of Rwanda Burundi and Zare and
development projects became a major prnonty in efforts o
develop technologies to increase bean production in the
region

Varnous methods to quantfy constraints are avalable
(James 1974 Pinstrup Andersen ef a/ 1976 Hildebrand
and Poey 1985 Teng 1987) We used on farm diagnostic
tnals to determine yield gains by removal of a constrant
(Hildebrand and Poey 1985} together with individual dis
ease and arthropod pest evaluatons Inear empincal
models using the multivanate regression techmique to
measure the functional relationship between yield and
indvidual independent varnables (Teng 1987) and reh
able national data on area cultivated to beans (Anon
1984) In this paper we discuss principally the importance
of pathogens and arthropod pests as constraints to bean
praduction We believe the paper should be read in con
junction with two other papers which diagnose farmer
perception and management of diseases (Trutmann et af
1993a b)

2 Matenals and methods

A total of 45 rephcated on farm diagnostic tnals were
installed in six different agroecological regions of Rwanda
over three seasons in collaboration with varnous develop
ment projects Due to the small average size of farms of 0 5
ha the tnais used were plus one and minus one explora
tory designs (De Datta ef a/ 1980 Hildebrand and Poey
1985) rather than a complete factonal design In plus
one tnals the effect of a factor 1s evaluated by adding a
treatment to a farmer base treatment whereas in minus
one tnals the effect ol a factor 1s deduced by eliminating
treatments from a complete treatment n this case a
disease and arthropod control and full nutntion base
treatment In the first two seasons plus one tnals were
used followed by a further two seasons using minus one
tnals Plus one design tnals used 9 m plots in which half
the border row was sprayed in order to allow complete
harvesting of the plots Minus one design tnals used 16 m
plots 1n which the inner 12 2 m was harvested Plots were
separated by 1 m For plus one design tnals plot treat
ments were as follows (1) farmer method (2) farmer
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method and fungal and bactenal control (3) farmer
method and insect control and (4) sol fertiizaton In
minus one design tnals the above treatments were used as
follows (1) disease and insect control and fertilization (2)
disease and nsect control (3) disease control and fertil
1zation (4) insect control and fertilization (5) farmer treat
ment The farmer method consisted of sowing on a well
prepared bed the traditional farmer bean muxture with
small hoes in an evenly spaced fashion The whole field
including the tnal area was sown in this manner The
beans were weeded and managed in the local tradition
excepl no pods and leaves were consumed dunng the
season Diseases were controlled with a pre sowing soil
treatment with 50 kg ha benomyi 50/ a1 and 5 kg ha
metalaxyl 80/ a1 n 3000 ltres and from the first leaf
stage a weekly folar treatment with 1 kg ha benomyl
50/ a1 when necessary together with 4 5 kg ha  copper
coxychlonde (or copper hydroxide 2 kg ha } in 3000 litres
To control arthropod pests plots were treated with a pre
sowing treatment of carbonyl at 10 kg ha in 3000 Itres
and each week after emergence with dmethoate 40/ a\
2 ltres ha n 3000 Wtres water Other plots were treated
with water before sowing To optimize plant nutntion
plots were treated with 30 tonnes ha and at the first
compound leat stage with 110 kg ha of diammonium
phosphate Three tnals were sown per season in each
of six agroecological zones Treatments were replicated
twice per farm per season with a randomized block de
sign using three or four farms per region The tnals were
continued for three seascns except in the Bugesera (two
seasons) The tnals were harvested by farmers dned on
farm and weighed using a balance accurate to the nearest
gram

Evaluations were made of mean disease or arthropod
saventy per plot dunng the season Disease evaluations of
fohar non systemic pathogens were based on percentage
surface area of plants affected in each plot at the late
podhll to late granfill stage (Fermandez ef a/f 1986) as it
was regarded as the most crntical tme when photo
synthate production would affect yield Soill borne patho
gens bean common mosaic virus (BCMV) and beanfly
were evaluated at the pre fiowenng stage They and other
insects were evaluated using a 1—9 scale to indicate sever
ity 1 = no symptoms 3 = slight 5 = moderate 7 = severe
9 = very severe or 50 / or more of plants wilted Other less
comman pests were noted only for presence or absence

Yield disease and insect seventy data were analysed
using an analysis of vanance and Duncans mulhple

control and improved plant nutntion on bean yield was
calculated using De Datta ot a/ (1980) and Hildebrand and
Poey (1985) The data were also used in a near mulh
regression analysis over agroecological regions using
yield augmentation as the dependent vanable and indi
vidual diseases and arthropod pests as independent van
ables To correlate cbserved yeld increases wih relative
importance of either diseases or pests yeld gans per
repetiion per region from either fungicide or insecticide
treatments and controls of diagnostic tnals were used In
mulh regression analyses As disease and insect seventy
data were not available for all tnals model means were not
necessanly the same as the means obtained for diag
nostic trials over three seasons General national bean
yield loss estmations due to diseases pests and sub
optmal plant nutution were made using diagnostic trial
data over seasons which were extrapolated to all
agroecological regions using the assumption that the
Imbo and Eastern Savanna were similar to the Bugesera
the Shores of Lake Kivu and the Eastern Plateau similar to
the Mayaga Impara and Gramtic Spur similar to the
Central Plateau and the Volcanic Region similar to the
Bubaruka Highlands These data were used together with
relable data of surface area under bean cultivation in
vanous regions in Rwanda (Anon 1984) The season
1984b was a severe drought season where the mean yield
estimate for the national survey was 412 kg ha  which
was nol regarded as representative Monetary losses were
calculated using the national assumpticns of 35 Rwandan
francs (FRW) kg  and converted to US dollars using the
exchange rate of 84 FRW dollar (US$ 041 kg ) mn
December 1986

3 Results

The relative yield attnbuted to each lmiling factor over
agroecological regions ts given in Table 1 Control of
arthropods using minus or plus one design tnals n
creased mean bean yeld overall tnals 17-30/ disease
control 52-59/ and soil ferthization increased yield 22—
60/ Yield increases from arthropod control were lower in
either tnal design than those obtained from disease con
trol or improved fertthity The importance of diseases as a
production limiting factor was noted both n plus and
minus one design tnals Soil fertility was numencally the
greatest yield limiting factor in minus one designs trials
but not in the plus one design tnals Mean on farm bean
yields were between 764 and 949 kg ha  but could be 1Im

range test The effect of diseases arthroped pest proved to 2000 kg ha by removal of the three hmiting factors
Tb 1+ M y eld fdy be thoghcootolofd e rth opod pe |
nd frl ¢ 45 epl tod o f md gnot I |} Rw d bemwee 1985 o
1987

T M yid a (kgh ) F m Y Id f
d g y id im t

Dse & | sect Pl 1t (kgh ) oflmt g

cot | cot | fril ot f trs
Pls 447 233 166 764
M 497 158 566 949 1995
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Table 2 The y Id n

dW Graf

though co tol of d e d rth opod pests dag ostc tnal
{ =90 agroec log [ egon fRw d
Rg Altt de Mea yeld (kgh ) F rm
(mt s bo tkgh )
[} (s} cot | I ect t 1
z NI D d 1800 2200 440 315 B20
B bruk Hghl d 1800 2200 453 0 1050
C t IRt 1600 1800 657 193 1049
Myg 1400 1600 367 166 789
B gesea 1300 1400 38 168 517
N mbe | seaso s tht It w g fca tly dff t (P g05) f mt m cotl s g
D m litpl g tslt
Tabi 3 S ety b dse g ecol gecal ego sof Aw nd from 1985t 1987
D se D as eelty
{r tg fected 1 9sc I D)
B ba k z NI Ce tal Myg B gese
hight d d de Pl 1
Phom blght (%) 99 8 Oab 68 b 10c 32b
A th (/) 35b 102 46b 0 4c 27b
Agl taf pot{/) 8 Obc 113b 9 4bc 10 3b 10 5be
Fl ryl f pot(¥%) 12d 02b 2 8bcd 47b 35bc
R t(¥) 0 6b 02b 11b 0 6b 53
C mm bight (%) 09b 0 8bc 0 6bc 39a 34
H | bight(¥) 06 07b 0o0b 00b oob
BCMV 2 2d 2hcd 3 b 3
Root otst 4b Sb 3 2 14
Mac ophom 1 1t 1 1b 1b 3a
Root knot  m tode t b 1b 1b 1b 3
Vi row followed by th m It do ot dft g fcatly t P =005 ng D ca s
m itpl a getet
1= osymptom 9= ry ee 0 50Y m pl ts wited
T bl 4 Estmatedprod cto | se ofcommo bean nAw d d todse s and arthropod pe t
Ag Hect Estm t d Etmtdl E tm tedl ss
cologe | t y Id t ) 1000 USS)
eg bea st (t )
g w Dsea P st D e P t
Imbo a501 4912 361 1596 148 654
Imp 25475 26723 16737 4916 6862 2015
Lake K Sho 1 & 23800 26 496 8735 3950 3581 1619
Volca ¢ ego 35327 37093 16003 0 6561 0
Za -NI D d 43978 36061 19350 13853 7933 5679
Bb k 35995 37794 16 305 0 6685 0
Cet IPIt 99286 104 151 65230 19162 26744 7856
G t S5p 44583 46 767 2923 8604 12009 3527
May ga 25598 20196 9394 4249 3851 1742
B gese a 22149 11451 841 3721 344 1525
E 1t Pt 99143 78223 36385 16 457 14917 6747
East S a a 19559 10112 743 3285 304 1346
Tt} 4B3 790 439979 219375 79793 89939 32710
t1984M g qét g 1 d1t (A 1984)

Lowest increases from disease control were obtained in
the lowest lying regions but highest yield increase from
the disease control was obtained in the mid alttudes
(1600—1800 m) not the highest aluitudes (Table 2) The
seventy of diseases and pests was often agroecological
region rather than altitude dependent (Table 3) The

greatest yield increases from beanfly control were actuaily
recorded at high altitudes Using national production sur
vey data (Anon 1984} diseases were estimated to reduce
yields by 219375 tonnes per year valued at 89 9 million
dollars (Table 4) Arhropod pests were estimaled to re
duce yields by 79 793 tonnes valued at 32 7 million dollars
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TH 5§ RIt pe | ce of pgt ad ther problems

Rwa da from 1985 lo 1986

at al egio s of

Reg B fly Aphd Observed pest d
se tyt se  tyt probl m %

B beruk hgh! nd 2d 3 b p

Za Nl dd 4bed 3 b pq

C tIPI1t 4bc 2b t kim

Mayaga Sab cd fgh |m

Bugese a 6a becdeh qs

v I m followed by th sam lette do t dfe sg fca tly t

P =005 gD m itple a ge test

tO a1 9scl (1=no ympiom S— 1y ee)

¥ Altheca sp b lal hpprs Medyth q tm d Mmwea t Wil
M Iy bg ts { wel g Alcdod { cograrmm h g ss

h pp rs Ophiomy  spe cerell Oph myia phaseol k M hoth pp

Il be wbwmm m Znaoceru feg s Tnchop pp o ats p hl

q w eds Myab s spp Aph faba

Highest disease seventy ratings were obtaned for
angular leaf spot caused by Phasoisanopsis griseola
(Sacc ) Ferrans anthracnose caused by Cofletotrichum
fmdemuttianum (Sacc & Magnus) Bnost & Ferrans
phoma (ascochyta) bight caused by Phoma exigua var
diversispora (Desm ) Boerema floury leaf spot caused by
Mycovellosiella phaseol (Drummond) Deighton and root
rots associated with Fusarnum oxysporum § sp phaseol
Kendrick & Snyder (Table 3) Phoma blight anthracnose
and root rols were most severe in the medium to high
alitudes and floury leaf spot n the medium to low re
gions Angular leaf spot was severe in all agroecological
regions Beanlly predominantly Ophiomyta spencerella
Greathead was the most severe pest in all agroecological
regions except the Buberuka highlands Aphids pre
dominantly Apfus fabae Scopoll were relatively less
sovere (Table 5) Other pests were found but were not
commonly found at high populations levels Only for
~.phoma bight aphids and beanfly ¢id season significantly
influence seventy (Table 6)

Highly significant regression models (P = 0000 to P =
0 009) were obtained to descrbe the influence of diseases
on yield in all agroecological regicns except in the Zarre
Nile Divide (P = 0 132) and Mayaga (P = 0 330) (Fable 5)
All models had A? values between 0 41 and 095 Highly
signthicant regressions were used in the general analysis
over all agroecclogical regions to descnbe the correla
tions of angular leaf spot phoma bhight floury leaf spot
root rots and rust severity with yield Lower confidence
levels were frequently observed in multi regressions of
regional data but trends were similar to those expected
from severity ratings Angular leaf spot was associated
with the highest yield and monetary losses followed by
anthracnose floury leaf spot phoma blight rust caused
by Uromyces appendrculatus (Pers) Unger var append:
cufatus and root rots (Table 6) Total yeld estimations
from the rmodels of losses due to diseases correlated well
with those of the actual values from diagnostic tnals used
to caleulate national losses (Tables 4 and 8)

Signiicant overall relatonships were obtaned with the
multivanate regression medels (F = 0000 to P = 0 05)

Table 6 Ds se dpestssaelyoe e on

bea s the frst eco d g ow ng 568
Dsease Dseas se e ty
Q
pest Septembe M h
toJa ary t J
Ph m bightt 34 8 8b
A th et 50 53
Ag! | t pott 91 109
Fl ryt f pott 24 2 4a
R st 06 11a
Commo bightt 14a 12
Halo bl ghtt 02a o2
BCMV§ 18 18
Root t } 26b 4 4b
Aphd t 22 11b
N mbers e h ow fllow d by the sam | 1
d not dffe (P = 0095) ] alyss of

tPece tage rf ce fected
1= osymptoms 9=y

between yield and arthropod pests seventy i all agro
ecological regions except the Bubaruka highlands and
significant correlations were obtamed for beanfly n all
regions but not for aphids (Table 7) However A° values
ol models were too low (0 04-0 39) to meaningfully est
mate the contribution of beanfly or aptuds to yield loss

4 Discussion

Diseases were the most important agronomic yeld
lrmiting factor in Rwanda using plus one tnals and the
second most important agronomic factor after plant nutn
tion using minus one tnals The differences In the results
from the two tnals are due 1o a masking effect in the plus
one tnals where potenhal yetd grans through mproved
fertilty were not realized due to losses from diseases (Graf
and Trutmann wunpublished) Conservative estimates in
dicate that disease control could contnbute nationaily to
additional production of 219 300 tonnes of dry beans (50 / of
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T ble 7 Mult regress  mods!

rrelatr g b n yeld wth d sease

d W Grat

groscolog cal egio s of Rwanda

D B ba ka Za e-Nle Ce tal Mayaga B gese a Gl b |
tighla d d d Pl t

cC F Co P Co P Co P Co P c P
Ph m bight —0 45(0 15} —0 34(0 15) -0 30(0 70) 0 08(0 31) -017(026) -027(005)
A th se —037(0 94) -031(019) -0 38(0 16) —0 20(0 34) —-023(000) -029(019)
Aglal fpt —0 50(0 14} —0 45(0 95) —0 53(0 00) —0 45(0 04) —-025(078) -0 46(0 00)
Flo ryl f pot -0 22(0 22) -0 23(0 71) —0 36(0 01) -0 18(0 09) -0 17(000) —022(0 05)
C mmo blght -0 25(0 06} —0 23(0 26) 027(008) 0 07(097) —032(039) -—004(093)
Halo bl ght —0 18(0 43} —0 14(0 90) —009{0 32)
BCMV 015{0 51) -0 11(0 D4) —0 14(0 62) —001(0 08) —0 08(0 02)
Rt -0 10{0 49) —017(0 07) -0 060 17) —027(010) —017{(095) -015(075)
Root t —0 29(0 06) -0 27(0 21) —0 08{0 35) —0 07(0 55) 034(000) O 13(0 04)
M ph m —0 486(0 90)
Nematode —007(0 00y
A model 0 563 0407 0 540 0442 0953 0343
Model P = 0007 0132 0 000 0330 0009 0000
Yeld (kg ha ) 574 398 526 502 44 512

Table 8 Estmated prod ctonlo se ofcommonbe pe d e Rwand

D sease Estmated yeld | ss5 Estmated co om loss
(tho sa dlo  s) {mlla US$)

Ph m bight 27 5136 11 2806

Anth a 35 9252 14 7293

A gla 1 {spot 56 6565 23 2292

Flo ry leai spot 30 2642 12 4083

R st 15 6635 6 4220

Commo bl ght 77821 31807

H lo blght 5 1482 21108

Be commo mosa w 98544 4 0403

M phom  stem bl ght 09724 0 3987

R trot 14 6909 60233

N m tod 01537 0 0630
Total 204 6247 83 8962

Tabl 9 M It reg ession mod Is correlating y eld w th arthopod pe ts o beans

tw | 8g ns of Awanda

D sea B ba ka Za e-Nle C t Myag B gese a Giobal
heghl  d d e Platea

c P Ca P Co P Co P c F Co P
Be fly -0 10{0 51} —0 42(0 66} -0 44(0 01) —0 47(0 00) -062(001) -031(000)
Aphd -0 16{0 34) —0 30(0 33) 0 10(0 76) ~014(068) -015(011)
AR mdl 004 0 200 020 022 039 011
Model P = 0544 0049 0035 0008 0042 0000
Y idikgha } 19 492 126 181 152 183

actual production) or 899 milhon dollars per annum
Control of pests was estimated to contnbute 79800 tonnes
of dry beans {18 / of actual producton) or 32 7 million
dollars per annum Results from Burundi (van Durme et
al 1983 Perreaux 1986 Autnque 1987) and the Kivu
region of Zawre (Pyndyi 1987 Trutmann unpublished)
and observatons from southwestern Uganda (Trutmann
unpublished) suggest disease and pest problems and
losses are similar to those n Rwanda suggesting this
study could be useful to obtain rough estimates ot the
importance of major diseases and arthropod pests In
other countries of the region

The results suggest the greatest /mpact on bean yeld
through disease management in Rwanda would come
from control of angular leaf spot which alone accounts
for annual production losses of 56 700 tonnes or 12/ of
the natonal bean production Other prionty diseases are
anthracnose (7 / of natonal production} floury leaf spot
phoma bhght (each 6/ of national production) rust and
rool rots (each 3/ of natonal production} Control of
these six diseases accounts for 82/ of total production
grains due to disease control

The regression models used to correlate indwvidual dis
eases with yield appear to be relatively accurate National
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yield losses for indwvidual diseases calculated with the
hnear mult regression model closely approximated those
directly obtained from diagnostic tnals (Tables 3 and 8)
The relative importance of individual diseases using the
madel also correlates well with seventy ratings except for
floury teaf spot and rust which account for more yeld loss
in the models than suggested by seventy ratings alone

Although diagnostic inal results showed arthropod pest
control to increase bean yield mulh regression models
were not useful in calculating losses due beanfly or
aphids According to the models control of beanfhes
predominantly O spencerella and aphids explained only
11/ of observed national yeld increases from pest con
trol The A? of models was low although the importance
of beanfly as a pest 1s suggested as it explained much ot
the vanability in the models in all agroecological regions
except the Buberuka highlands where Ittle beanfly was
found dunng the tme of the tnals More recent resulls
trom regional seed treatment tnals provide an estimate of
the importance of beanfly control on national production
(Trutmann &t &/ 1992) It 15 estmated that beanfly controt
would annually increase national yelds in Rwanda by
18000 tonnes or 4/ of total national bean production
eguivalent to US$ 74 millklon This suggests beanfly
causes about 25/ of the total losses attnbuted to arthro
pod pests in Rwanda Larger yield increases from beanfly
control have been obtained in seed treatment tnals in
Burundi (Autnque 1987) which suggest beanfly could be
a greater production constraint there than in Rwanda

This study represents the first in depth analysis of dis
ease and pest constraints of commeon bean in the Great
Lakes region of Afrca However the results are based on a
number of assumptions and extrapolations which the
user should be aware of Most of the assumplions are
evident from tables and information presented For ex
ample results from diagnostic tnals were extrapolated to
an entrre agroecological region and to agroecologically
similar regions where no dagnostic tnals had been
conducted Mult seasonal on farm data were used We
assume the seasons were representative and indicative of
future trends Teng (1987) discusses some of the assump
tons and hmitations of the mulh regression models In
this study correlations for individual diseases on the re
gional level were often above P = 005 and the regional
model for the Mayaga was only significant at P = 033
Nevertheless we consider the assumptions and extrapo
lahons made are justifiable considenng the logistical dif
ficulty of the work and similar assumptions by most other
inveshgators working on crop loss assessment
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Abstract. Farme s ma agement of bean diseases the G eat
Lakes ego of Af ca was estgated from both phytopatho
logical and z th opolog cal perspect es Local ¢ op potecto
strateges we e based o mcocimate reg lato ge etc d e
sty ad sa tatlo Mcoclmate manageme t ol ed sel
tvely tegat g umeo s gonomc pracltces depe dng on
the ste ad co dic s The stateges cluded ma pulatng
sow gde stya ditme of sowng choceof sol useof a et s
varety a d speces mxtu es fo specfcco dto s folage red ¢
to stak g ad select e weed g Decso makng fle bity
was assental to the effect e ess of local mc ocl mate ma age
ment strateges Resstat a eles we alable n local m
tues and were ma aged by farme s through nterventon and
nat ral selecto the feld A umbe f sa tato methods
were used such as emo a! of deb s f om felds at harvest but
the alue by farme s cop potecton was less ecog zed
Imp o eme ts to local plant potecto should be possbl
th ough the de elopment of tech ologes whch educe losses n
plant de sty mpo e cop essta ce to an whle mantanng
ge etc a ablty a d mpo e seed health a d by ed cal g
farmers the basc¢ p neples of pla t pathology while e su g
the partcpato the de elopment of technologes dest ed
fo the ag cecosystems The a tho s emphas e the mporta e
ot de elopng technologes fo fames whch do ot dec ease
e stng manag ment fle 1blty

1 Introduction

Around 70/ of the world poor engage in subsistence
agnculture (Todaro 1977) That such farmers have rarely
benefited from availlable technological advances i1s a major
concern for national and international agncultural re
search insttutes (Moreno 1985) Technologies intended
for these farmers have often not been adopted or have
falled mostly because the research was conducted with
out adequate consideration of farmers own knowledge
and practices Recently a realization has emerged of the
importance of using indigenous knowledge as a founda
tion for change (Rau 1991)

Considerable knowledge has been collected in agricul
ture by anthropologists about farmer knowledge Farmers
appear to know much about therr crops (Bentley 1989}
anmmals (Hunn 1977) soll (Conklin 1954) flora (Conkiin
1954 Berlin ef af 1974) less about insects (Wynman and
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Bailley 1964 Alhen 1984 Bentley 1989) and hitie of plant
diseases (Bentley 1989 1990 1991) A major resource on
information of disease managemsent in tradtional systems
has recently been pubhished which illustrates the exist
ence of similar technologies n different ages cultures
and geography (Thurston 1992) Cunously few detalled
studies are available about plant disease management by
subsistence farmers

As part of a regional research affort in the Great Lakes
region of Afnca to find technologies to increase pro
ductivity of beans (Phaseolus vulgans L} this study amed
to understand local disease management In the context of
a parallel study on farmer perceplions of plant disease to
determine likely areas where improvements could be made
to local systems of plant protection Although we empha
size phytopathological 1ssues general aspecls of crop
protection imporiant to farmers are also discussed

11 Context

Beans are the most important protein source in the Great
Lakes region which encompasses Burundi Rwanda the
Kivu region of Zare the West Lake distnict of Tanzama
and the Kigezi disinct of Uganda Average per capita
consumption is over 40 kg per year (ISAR 1987} which s
the highest in the world Farmers overwhelmingly grow
beans as varetal mixtures Women are responsible for the
majonity of food crop cultivation tasks especially of beans
(Voss 1992) Bean yelds average between 700 and 900
kg/ha Diseases and pests are wnportant production con
siraints in the region Disease control in diagnostic trials
increased yields by 300-450 kg/ha (ISABU 1986 Trut
rmann and Graf 1993 Pynd) 1987) The most important
diseases on farm were angular leaf spot (Phaeoisaropsis
griseola (Sacc ) Ferrans} phoma blight (Phoma exigua var
dversspora (Desm) Boerema) anthracnose (Cofleto
trichum hndemuttnanum (Sacc & Magnus) Brnosi & Fer
rans) floury leal spot (Mycovellosielia phaseolt (Drum
mond) Deighton) and root rots associated maimnly with
Fusarnum oxysporum { sp phaseolt Kendrnick & Snyder
Insects especially beanfly (Ophiomyia spencerella Great
head) lmited production on average by 150—-250 kg/ha
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Farme m
2 Matenals and methods
21 Farmer interviews

In 1984—~5 a formal agricuitural production survey was
conducted around Ruhengen in the volcanic region of
northern Rwanda and backed by a smaller informal survey
around Bulare in the central plateau Using a standard
questionnaire 120 Ruhengen farmers selected at random
were asked whal characters they considered most impor
lant in selecting a new vanety therr reasons for using
varietal mixtures and methods used to test new vaneles
for their mixtures

In 1987 a 20 month study was conducted n Bwisha a
Zanan willage near the Rwandan border These farmers
were considered to have the same cultural base as those In
Rwanda Burund and the Kigezi distnct of Uganda Infor
mation on farmer management practices to protect crops
from the effects of rain was obtained using participant
observation and was complemented by structured inter
views and group discussions in the willage once local
themes in crop protection had been assessed Regular
feaedback between the phytopathologist and the anthro
pologist enabled the latter to probe farmers techriques
comprehensively Two months of repealed structured
group discussions were also conducted In six different
villages in the vicinity of the study wvillage at alttudes
between 1000 and 2000 m The groups consisied of six
people (three women and three men) who were locally
regarded as good farmers

22 Expenmental

221 Relalion of plant density to plant disease and
insect damage On lhe Zare—Nile divide staton of
Gaseny! (2000 m) on low fertiity acidic solls pH 4 10 m?
plots were sown in an equally spaced non linear pattern
as practised by farmers atarate of 5 x 10 plantsha The
plots were replicated five imes using a randomized block
design Plant losses dunng the September to January and
April to July seasons were measured using four measure
ments with a 025 m quadrant At harvest total plant
number per plot was counled

222 Effect of stakng chmbing beans on folar dis
ease severity To measure the effectiveness of staking
on disease development 25 m plots were sown with five
rows of the climbing vanety Gisenys 2 bis at 2 x 10 plants
ha Beans were grown with or without support Treat
ments were replicated five tmes using a random block
design The mner three rows were evaluated for disease at
granfll The tnal data were analysed using a two way
analysis of vanance (ANOVA)

223 Determination of anthracnose resislance 1 focal
muxtures Twenty vanetal mixtures were collected from
farmers in each of two regions of Rwanda the Mayaga
(1400-1500 m) and the Zawre MNile watershed (1800—-2000
m) To estimate the compositon of the mixtures of the
different regions equal quantties of muxtures from each
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region were mixed In the resulting mixture the different
variehes as measured by colour seed shape and size were
separated and noted Three seeds of each vanety {Adams
and Martin 1988) were sown 1n a screen house in 20 cm
clay pots filed with forest soil Control pots consisting of
two anthracnose susceptible vanetes (Shikashike and
Rubona 5) were placed after every tive treatment pots to
measure the evenness of infecton To evaluate the
varieties for resistance anthracnose suspensions of 1 x
10 spores ml ! of a mixture of local C /indemutinanum
strains obtaned from heavily infected pods collected on
farm in each regicn were sprayed on vaneties from the
same region at the primary leaf stage of growth In this
manner components o each mixture were exposed only
to € fndemuthranum races from the agro ecological
region of collection After inoculation plants were
covered with plastc bags for 7 days Vaneties were evalu
ated for anthracnose afler 14 days using percentage sur
face area infected adapted from CIAT (1987)

224 Farmer seed selection prachces Mixtures of
bean seed from 50 farms across three agro ecological
zones the Zarre—Nile Crest Cenlral Plateau and Mayaga
were collected while farmers were sowing Farmers were
asked 1o classify the fisld according to fertiity Five kinds
of mixtures were selected (1) unsorted beans directly
from storage (2) seed sorted for sowing on fertile ground
(3) seed sorted for infertile soil and (4) seed rejected for
sowing On station seed was wisually evaluated for dark
lesions which were used as indicators of the presence of
seed borne infecton (Trutmann and Kayitare 1991) To
measure what changes had occurred dunng seed sorting
seed for sowing was compared with stored and rejected
seed Grain size was evaluated by passing seed through a
sieve which retained large graned seed Seed was also
evaluated for less preferred black and preferred yellow
grain colour in addiion in an informal survey women
were asked how they selected seed for sowing

225 Field sandation at harvest This information
was obtained informally through on farm observation of
farmers during the harvest and pre harvest penods in
Rwanda Burundi and the Kivu region of Zaire

3 Results
31 Microcimate

Farmers purposefully regulated the crop microchmate
in helds of varying fertiity soil type slope and field
aspect depending on the moisture nsk by managing the
plant architecture crop associatrons weeding sowing
density sowing dales and staking density Farmers men
tioned they usually sowed a field at a umiform density each
season and if there was too much ran picked off the
leaves of the beans to enable hght o penetrate between
plants The options avallable to farmers and the dynamic
nature of decisions for microchmate management are
presented n Figure 1 Flexibiity was central to the
farmers crop protechon and nsk reduction strategy
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311 Sowmng density and configuration A generally
held principle derived from local concepts of plant health
was that bush beans not sown in the same hole should
not touch each other Simitarly chmbing beans on one
stake should not touch plants on other stakes In condi
tions where plants were likely to do well and grow larger
they were either sown further apart or other condilions
were altered such as sowing the crop later

Seed was sown not in line but in an equidistant pattern
The seeds were placed either singly or in pairs within the
same hole Apart from saving time this sowing configura
ton maximized the distance between the plant units in
different holes Sowing similar densites in rows which
was promoted by the local extension services caused
greater contact of the plants within rows

Preventing plants from touching was considered most
important in damp and fertile conditions when each plant
tended to grow larger and required more indwvidual space
It conditions were less fertile it was considered wrong to
reduce the plant density due 1o reductions in yield Plant
numbers couid be estabhshed by changing the sowing

g me t ho es nlert!

nd I rtie sol

configuration Two seeds were sown per hole but the
holes were wider apart Thus two plants became a unit
Farmers also vared the conhguraton of staking to
change the sowing density for chmbing beans to manage
the danger of gufura a condition when plants are in
danger of touching due to excess vigour For example
where the crop was vigorous fewer and taller stakes were
used

The strategies used by farmers are perlinent as many
pathogens infect hosts more readly through wounds
dernived from physical contact and leaf contact promotes
pathogen spread From a scientfic standpoint practices
which minimize infection sites through wounding are
accepted disease avoidance practices (Paltt 1981) and
those which maximize distance between suscephble
tissue are beleved lo encourage wastage of pathogen
inoculum (Wolle 1985}

Farmers used sowing density flexibly They sowed more
densely in less fertile soil where each plant ook up less
space and If seed qualty was poor Within a given held
tarmers sowed more densely the greater the estimated
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weed pressure More seed was sown In badly prepared
fields or was likely to provide a hostile environment to the
growing plants (e g beanfly pressure) Great importance
was attached lo decisions concerning sowing density and
conformation hence sowing was often a specialist s task
gven to the few peopte who were regarded as good
judges of the relationship between fields and varieties and
climates

Observations of onfarm plant densites supported
comments made by farmers in the study village Differential
sowing rates were used n different regions and seasons
On the poor soils of the Zare—Nile divide farmers
sowed 3-35 x 10 and 45-6 x 10 plants ha in the
September and April season respectively (Trutmann and
Graf unpublished) In the fertile northern Rwandan high
lands densities of 35—4 5 x 10 piants ha were found In
both seasons (Pau! 1987) Similar densihes were the rule
in the volcame Goma region of Kivu in Zare Significant
reductions were observed over the growing season In
plant density of beans in the Zawre-Nile dmvide ranging
between 33/ and 55/ (Figure 2) Substantial reducttons
in plant density were aiso observed in other agro
ecological zones (Trutmann et al 1992) Protection of
plants by seed treatments against beanfly and seed borne
diseases increased plant survival significantly (Trutmann
etal 1992) Root rots were severe 1n a number of regions in
Rwanda including the Zarre—Nile dmde and were assoct
ated with reduced plant densities and with significant yield
losses (Trutmann and Graf 1993) 1t was evident that hugh
sowing density used by the farmer was in part a response to
severe pathogen and arthropod pest pressure

Fg 2 O fmp tde ty h g f mm b d g
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312 Moundng and ndging Technologies which
reduced beanfly damage were used 1in some regions
Farmers mounded soil around the base of stems at first
weeding and muiched the soil leaving the roots in a humid
environment which protected infected roots from desic
cation The effectiveness of local methods was supported
by results from a trial which showed that mounding soil
did nct significantly reduce the beanfly seventy but mn
creased (P = 0 05) plant survival by 41 / (Table 1)

Raised beds were used in high lying more fertile vol
canic regions They prevented roots from becoming
waterlogged dunng frequent heavy ramns and may have
served to reduce the incidence of roct rots particularly
those caused by Qomycetas (Lozano and Terry 1976) and
Rh zoctorma (Pieczarka and Lorbeer 1974)

313 Defohaton Clmbing bean leaves were re
moved to regulate the etfects of rain Leaves which did not
protect flowers from rain or touch neighbourng plants
and lush green mature leaves were taken from the middle
level of the plant at flowernng and dunng weeding Farmers
beheved leaf removal reduced shade at the mid level of
the crop which promoted flower production not only on
the upper plant levels which increased yield and reduced
pod rol Leaf removal also prevenled leaves touching
other plants and cimbing up neighbouring stakes

A recurnng theme was the importance farmers placed
on the control of flowersetting and development Protect
ing flowers was basic to crop protection from the farmer s
pomnt of view Flowers were considered to be an indicator
through which a multitude of divergent influences on
plant growth could be related to yield

314 Staking A fealure of clmbing beans was that
they are cultivated predominantly on fertile soils in the
highlands where disease pressure 15 high Staked chmb
ing beans usually suffered less from disease than bush
beans even though there was no evidence that they were
innately less susceptible to follar diseases The effective
ness of staking as a disease escape mechanism was
ilustrated n a tnal where staking significantly (F = 005)
reduced levels of the important diseases anthracnose
and phoma bhght n comparison to unstaked plants
(Table 2)

3715 Weeding Patterns of weeding vaned accord
ing o alttude and region In Bwisha at lower alitudes
where bush beans predominated one weeding was

th 50 th Z NI d o essential and a second one nearer harvest was oplional
Tho 1+ Th flect f tk gbe o f gt lef pot th
dph m bight
tge i ted

Ci t m thod Aglalef pot A tha Ph m bight

No tk g 138 82 62
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Table 2 Effect of mo ndng sol aro o seeding | ms
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Each weeding had specfic objectives The first around
flowenng was considered 10 reduce weed competition
and to provide a mulch of decaying vegetaton whose
rapid decompaosition was believed to provide a source of
nutnents to the crop and preventad the soil frem drying
should the season end early Weeding also opened up the
crop faciitating more rapid drying dunng wet weather
and the mulch prevented soil splash However the only
concern for soll splash was when plants turned yellow and
developed holes It was beheved raintall splashed soil
onto the plants which then died There was no clear
association by farmers between rain splash and spread of
rotting tissue

When the crop began to npen farmers recogrized two
alternative courses of events The first was the steady
tmely and good drying out of the crop as the crop
matured The second was a rapid putrefaction if the crop
matured poorly The latter was common if npeming was
delayed when the crop was over vigorous The second
weeding at pod fill encouraged npenming by promoting arr
crculaton and accordng to farmers prevented dew
from promoting decay

There was a reluctance by farmers to pult out plants
although farmers in certain regions did remove wilted
seedlings which suffered from root rols or beanfly These
wilted plants were left on the ground along with pnmary
leaves of the rest of the crop and weeds which were
removed dunng weeding

316 Timng (n Bwisha beanfly was seen to be a
problem n later sowings Beanfly was termed the worm in
the root and it was considered especially a problem of
late planted bush beans The increased seventy of beanfly
attack on beans in late planted beans was confirmed by
Gasana (1988)

Farmers changed varneties according to the season In
Bwisha dunng the long rany season rain resistant
variehes were sown and those with gufura were sown
later Dunng the shorter rainy season more vigorous and
higher yielding vaneties were used Because of the dif
ferent seasonal requirements or possibhities farmers
often preferred different varieties for each season

32 Host resistance and crop diversily

321 Associations Although beans are often grown
in monocullure of mixed variehes association of species
1S a common practice in the Great Lakes region (Jones and

t i

Egh 1984) The major associations with beans include
maize sweet potatoes and banana However farmers
made Ittle reference to the use of associations in crop
protectton with exception of banana-bean associations
to protect beans against drought

322 Vanetal mixtures In northern Rwanda 96/ of
farmers preferred growing mixtures over single varietes
and 67 / did so for yield stabiity and 61/ exclusively or
also for higher yield Farmers also considered rain toler
ance to be one of the most important critena for vanetal
selection (Table 3) Clearly a major element in the overall
plant protection strategy was the use of plant genetic
diversity in the form of vanetal mixtures

Just as farmers were aware of the imponance of regulat
ing the crop microchmate through cultural techriques
the same was true for therr understanding and description
of selection of architecturai traits which enabled plants to
better resist the effects of ran However farmers were
unable to express the methods used in selecton of
variehies with physiclogical resistance to disease It was
unclear whether farmers selected for resistance to major
diseases Consequently to obtan this information we
relled on direct evaluation of local germplasm to obtain
information Similarly to oblain informaton on methods
used by farmers to select germplasm resistant to local
diseases we relled on drect observation of the way
tarmers manipulated mixture components 1n newly colon
1zed areas

Farmers consciously selected vaneties for rain toler
ance using prnncipally plant architecture and plants which
tolerated the effects of rain Mixtures of chmbing beans
were selected 1o include vaneties which chmbed wvigor
cusly to protect ltkke umbrellas the flowers of less pre
coctous vanelies For bush vanetes resistance to heavy
rainfall was partially understood according to the plant s
growth pattern One vanety Simama was considered very
resistant to rain ts name meant stand up which refiected
s growth habit The plant continued to remain erect
rather than lodge even when laden with pods Vaneties
which weakened in the stem or lodged before npening
were less resistant to rain as they touched the ground and
if they were harvested late rotted in the field much faster

To 3 B v h t tcs mpo
t tt frmes whe select g aet s fo
mt e

Att b te Import ces

{m m m100)

Y Id 92
Rt 85
Doghtti 76
Etgg Ity 60
St g p ght 48
St blty 36
F tecook g 3
G b g lty 29
L fq lty 20
G ol 6




F me ma gement of bean diseases

Farmers also selected vaneties for ther mixtures with
physiological resistance to diseases However the selec
ton of physiological resistance was not consciously sep
arated by farmers from other characters which enabled
plants to tolerate or escape the effects of ran It became
clear from a study that farmers in different regions selected
physioclogically resistant varnetes Local mixtures from
both high and medium altitudes had substantial propor
tions of varieties completely resistant to local pathotypes
of C hndemutimanum (Table 4) In both agro ecological
regions 35-40% of mixture components were completely
resistant (no symptoms) to local strans of C linde
muthianum  However In regions less favourable to
anthracnose development completely resistant vareties
occupied only 16/ of the muxtures whereas in higher
alttudes which were more conducive to the disease they
made up 25/ of the bean mixtures a 56/ increase These
resuits suggest that a relatively high proportion of
varteties in mixtures were resistant to local races of C
hndemuthianum and that farmers selected mixtures with
higher proportions of resistant varieties in regions where
conditions were highly favourable to Collatotrichum
activity

Observations between 1984 and 1988 showed that mix
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tures were selected by farmers in two basic ways In
established areas as in northern Rwanda the compos
tion of most mixtures was generally finely tuned and
farmer preference was more evident Most farmers were
reluctant to add new varneties to ther established mixtures
and 78/ first tested new vaneties in different parts of the
farm to see where they could best fit hefore they were
added to a mixture In new areas of settliement such as the
Bugasera (Cishabayo personal communication) and the
Zaire—Nile dwide farmers were not particular about
vaneties Farmers repeatedly added any available varnety
or mixture to therr mixtures and harvested seed from the
survivors In this way using a process of natural selection
farmers appeared to select the httest plants and mixtures
for their specific environment

33 Samtation

331 5Seed selecton and management Farmers
selected seed principally immediately before sowing
although some farmers selected seed for sowing gradually
up to the time of sowing while preparing beans for cook
ing In a survey of farmers seed stock before and after
soring seed with lesions represented 195/ of the initial
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stock 125/ of sowing seed and 255/ of rejected seed
It suggested farmers reduced seed borne palthogen
inoculum by managing the seed To select seed farmers
scrutimzed the hilum area of the beans which was not
allowed to be blemished Less attention was given to other
areas of the seed Blemished small or imperfect seed was
used for sowing only when insufficiant seed was available

In many areas different vanetal mixtures were preferred
for each of the two seasons For the longer wet season
vaneties had to be more resistant to rain than those used
dunng the shorter wet season In highland areas har
vested seed from the September season could be stored
throughout the March season and planted dunng next
season and vice versa Farmers stated that seed stored
for a season was more productive In lowland areas such
long term storage was impossible because of higher
temperatures which promoted bruchids and reduced
seed viabiity Seed would be stored in the ground a small
amount of seed from the September season was sown in
March and its harvest was seed for September once
more Many farmers could not maintain these preferred
systemms The agnculturat survey in the Ruhengen area
showed that in the highland area 43/ of farmers stored
seed 1-3 months 30/ for 4-6 months and 27 / longer
Only half the farmers stored seed between growing
Seasons

332 ARotatons The advantages of alternating
crops or crop vaneties were clear to farmers The ben
ghts in the study village were largely seen in terms of
fertiity However fertiity was recognized from the yeld
and an important influence on the yield was disease After
a poor crop of beans farmers would say that the ground
was poor for beans Soill poverty was related to specific
crops Thus although poor for beans the field might well
have been good for sorghum or even millet Or it may
have been good for a different vanety or mixture of beans
in which case bean vaneties could be rotated Crop rota
tions in the strict sense were rare as associated cropping
was the rule It was often the dominance of crops In a field
that shefted In many areas beans were rarely absent from
a held

333 Fweld samitaton and selection at harvest Far
mers preferred early matunng vanetes and harvested
early In doing so they removed plants from the field to
homesteads Bean debns in Zawe was burned but recently
by law in Rwanda it now has to be composted which 1
often done nefhiciently Fields were left until the onset of
the next rainy season and were prepared twice by hoeing
when avallable compost was added

4 Discusslon

Farmers in the central Afncan highlands had a holstic
view ol crop protection They used an elaborate array of
methods to manage plant disease which often were not
possible to separate from general plant protection strat
egies These included management of moisture wvigour
genetic diversity disease resistance and sanitaton The

disease management stralegies were preventative In
nature rather than curatve and reflect local perceptions
of disease (Trutmann Voss and Farhead unpublished)
Collectively these strategies form a powerful and n
tegrated crop protection strategy

Management of microchmate and fertility was an essen
tial element in farmer crop protection and nsk avoidance
strategies Farmers combined strategies in diferent soil
types fertiity and field aspects and climatic conditions
through a dynamic and flexible use of sowing configura
ton plant density mounding and ndging defolation
staking weeding time of sowing and harvest and plant
architecture These were combined with physiclogical
resistance to diseases inter and intra specific diversity
and sanitary practices Clearly flexabibty in disease man
agement choices was cnitical to farmers and new tech
nologies should not restrict these

The mportance to farmers of genetc diversity was
evident Many crop associations have been reported in the
region (Jones and Egh 1984) Vanous associations are
known to influence disease seventy For example bean—
maize associations reduced the seventy of a number of
bean diseases (Moreno 1977 van Rheenen etal 1981) In
addiion varnetal mixtures were preferred by farmers be
cause they provided beftter yield and better stability than
individual vanetes In a region where control of diseases
on average increased bean yield by 50/ (Trutmann and
Graf 1993} farmer preference for vanetal mixtures can be
aftnbuted in part to the unique effect of vanetal mixtures
which reduces disease spread considerably relative to the
mean of the mixture components provided the compo
nents differ in their susceptbility (Wolfe 1985) Firstly
tnals in Tanzamia have shown that less disease developed
in varietal mixtures than in pure varieties {Lymo and Ten
1984) Secondly resistance and vanabilty in resistance to
diseases was found n local mixtures as a proportion of
bean mixture components tested were completely resis
tant to local strains of C hndemutfuanum

The proportion of the mixture which resistant varieties
occupied was greater where condittons for anthracnose
were more favourable This suggests farmers passively
mantpulated the proportion which resistant varneties
occupy In mixtures in any given environment We found
farmers principally used natural selecton to obtamn higher
levels of resistance n mixiures by intally adding any
variety avallable to a field and harvesting the seed of
survivors They also actively selected agamnst btermished
seed In established areas farmers were more conserva
twve about changing the composition but tested new
germplasm in different locations on farm to determine its
adaptation before adding it to a mixture Interestingly
some of these methods reflect recent thinking about
selection practices to obtain broad based resistance to
diseases

Farmers used a number of santaton practices which
have been associated with disease control These included
rejection of seed blemished around the hilum area rota
tions (becoming less common) removal of plants from the
field early harvest and composting of field debris The
area of post harvest practices would benefit from further
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study to elaborale farmer knowledge It is evident improve
ments could be made to the local sanitation practices For
example better phytosanitary considerations could re
duce the seventy of seed borne diseases (Trutmann and
Kaytare 1991 Trutmann et al 1992) better composting
techmques could ensure more thorough elimination of
pathogen inoculum and innovative uses of composts and
therr products to conirol could be used by farmers to
prophylactically control many diseases (Hoiink and Fahy
1986 Weltzien 1990)

Although clearly much yield was stil lost from diseases
using traditional crop protection strategies (Trutmann
and Graf 1993) and improvements are needed to reduce
yield losses there 1s a need for serious consideration of
the ways new technologies would impact relatively func
honal management systems Research and extension
strategres should take nto account that high levels of
resistance were available on farm at least for anthracnose
and probably for other diseases that there was local
preference for mixtures that there 1s mounting ewidence
of advantages of mixtures for yeld stabiity and disease
control and that presently avallable management options
to tarmers should not be reduced Mechanical application
of siralegies which displace local vanelal mixtures with
single vaneties by natonal programmes and International
Agnicultural Research Centres should be discouraged
Germplasm displacement strategies if continued are
likely to lead to more erosion of local genetic diversity of
beans as in Kenya Tanzaria and Uganda and will prob
ably result in decreased yield stability

The farmers focus of attention on the environment as
the cause of plant death and therr conscious manipula
tion of the environment to protect their crops have served
them well Nevertheless 1t 15 ewident that they would
benefit from many improvements to reduce the impact
of disease on crop produchion A number of potental
improvements have been mentioned in passing Possibly
the greatest impact of all wouid be made by education
The empowerment of farmers with knowledge about plant
diseases pathogen ecology and epidemiclogy alone
would enable farmers to consider other approaches to
crop protecton complementary to those which they
already use Because crop management and body man
agement i1s seen In similar or identical idioms such educa
tion could usefully be linked to human health education
programmes oOr vice versa

It 15 difficult to obtain precise knowledge about farmers
practices On farm expermentation s costly and pro
vides only limited insight into farmers practices Like all
strangers researchers mevitably plug minto the polite
social ioms when discussing agricuiture with local
tarmers Although there 1s much that can be derived from
discussing in these socially easy terms much 15 missed
Part of the problem is that local knowledge 1s relatively
unformulated and for this reason it 1s difficult to access H
1s also a farmer s problem There 1s no forum no institu
tonalization that could lead te the pooling exchange
and local assessment of this knowledge Consequently
farmers are forced to be inguisitive and innovative but
beneficial ideas of one farmer are often not extended to

other farms Improving farming does not just involve
offenng farmers new information but it can also involve
gwving farmers more confidence to follow ther own inita
tives and involving them n the research process

We have demonstrated the use by local farmers in the
central Afncan highlands of vanous disease management
strategies It 1s noteworthy that many methods described
here have also been descrnibed 1n other tradiional
socletes (Thurston 1992) For example manipulation of
plant density was common n ancient Aztec societies
(Clavigero 1974) and 1s used 1n southeast Asia (Harwood
1979) sowing time 15 used by Mexican farmers (Wilken
1987) seed selection 1s practsed by North Dakota Indians
{Wilson 1987) raised beds occur in Afnca (Harwood and
Plucknett 1981) multiple cropping 1s also commonly
used In south America (Kirkby et ai 1980} and vanetal
mixtures are used in Afnca and Amernica (Clawson 1985)
Ewvidently many local plant protection methods are not
site specihic or umique to farmers in the central Afncan
highlands but part of a host of practices that are or were
used In communittes dependent on tradiional methods of
agnculture What may be unique 1s the specific context or
dynamic way n which local plant protection methods are
used and in this case the interrelationship of plant protec
tion strategies with local perceptions of human health
Hence although there appear to be some general similar
ties between regions and cultures in methods used
to protect crops the resuits presented here cannot be
seen as a substitute for working and commumcating with
tarmers
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Local Knowledge and Farmer Perceptions of Bean Diseases
in the Central African Highlands

Peter Trutmann Joachum Voss and James Fairhead
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improving the performance of indigenous agricultural systems
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ABSTRACT Central African lghland farmers perceptions of common bean disease were nvestigated using both
phviopathology and anthropological techmiques Farmers rarely mentioned diseases as production constranis n
Sformal questionnatres More participatory research showed farmers often related disease symptoms to the effects of ran
and soul depletion for fungal diseases or to vanietal trauts for bean common mosaic virus Rain or mousture s dwvided
o numerous forms through which it can damage plants both physically and through putrefaction Most conditions
associated with putrefaction appear to be linked to pathogens Farmers have an understanding of plant health closely
related to their concept of human health In planis this understanding s based on the prior state of plant health
Conceptually local disease management strategies are based on prevention by managing the condwions that promote

good plant health rather than by treanng disease symptoms Intervention strategies that buld on local knowledge are
encouraged

Introduction

Around 407 of agricultural land 15 cultivated by farm

ers who use technigues broadly cbaracterized as fra

ditonal (Wellhausen 1970) Most of these farmers
have benefited little from availabie technological ad

vances The lailure to reach such farmers represents a
mayjor concern for national and intemational agnicul

tural research institutes (Moreno 1985) Tecbnologies
developed for these farmers frequently have not been
adopted or have failed with negauve social conse

quences mostly because the research was conducted
without adequate participation of farmers and with
lutle consideration of farmers own knowledge prac

tices needs and desires

The purpose of this study was to investigate farmer
knowledge and management of bean diseascs as part of
aregional research effort 1n the Great Lakes region of
Africa (o find ways lo increase productivity of beans
(Phaseolus vulgaris L) The objective was to imncorpo
rate farmer knowledge 1nto the rescarch process and
thereby promote development of appropnate tech
nologies and strategies 1o improve local sysiems of
plant protection The study was carried out by Centro
Internacional de Agricultural Tropical (CIAT) as part
of 1is global mandate to improve the productivity and
quality of beans for resource poor farmers The study
was supported by the national agriculiural research
programs of Rwanda and Zare
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karmer knowledge

A number of social anthropologists have described
the logic and complexity of various systems of indig
enous agricultural knowledge and have argued for its
wncorporation into agricultural research and deveiop
ment programs (Brokensha et al 1980 Richards
1985) Research approaches are evolving that better
integrate farmers needs skills and perceptions with
those of researchers by actively working with farmers
both 1n setttng the research agenda and developing
appropnate technologies (Ashby eral 1987 Sperling
1992} As aresult of this process researchers begin to
understand farmers ways of thinking and crop man
agement and thus better appreciate the skills and com
plexiues of local agriculture (Goodell er al  1990)

Curiously little research has been conducted into
indigenous plant disease knowledge although plant
pathologists such as Thurston (1992) have noted

traditional farmer knowledge 1s often impressively

broad and comprehensive Farmers should be able to
provide substanuial information about local diseases
and perhaps about ways of improving disease manage
ment A few studies have documented farmer s per
ceptions of disease (Huapaya et al 1982 Bentley
1989 1991) However todate nosystematicinforma
tion 1s avaulable that explicitly describes indigenous
plant disease knowledge m Africa and its role in
improving plant protection and crop yields

Interest 1in indigenous knowledge has recently
undergone a major revival Several centers for re
search on indigenous knowiedge have been estab
lished in both developed and developing countries and
at least one journal 15 dedicated explicitly to the sub
ject (The Indigenous Knowledge Monitor) Atleastin
the African context this 1s nol entirely new The
African Husbandman (Allan 1965) for example 15
based on interdisciplinary field research carmed out by
ecologists agronomusts soil scienusts and anthro
pologists i Zimbabwe n the 1940s In spite of 1ts
regrettable absence of gender analysis this work long
ago played an important role m debunking the myth of

prnimutiveness 1n African agniculture through its de

tailed descnption of the complexity and ingenuity of
problem solving found in Afnican farming systems
Where 1t fell short was 1n not recogmzing the impor
tance of women s knowledge and broader gender tn
this regard

In the contemporary context at least two magor
1ssues have added considerable passion to the debate
The firsthas to do with the relationship between farmer
knowledge and scientific research (Eyzagutrre
1992) Much of tius relates to examining the validity
and utility of local knowledge as a basis for develop
ment  Atits best, the reverse question 1 e that of the
validity and utlity of scientific knowledge in the local
context1s also part of the problemalic The onentauon
of this paper 1s primarily 1n these terms

2

The second set of issucs 15 concerned with the
political economy of indigenous knowledge They
deal primanly with appropriation of knowledge by the
more powerful scientific orthodoxy for its own
hegemonic ends (Cashman 1991 O Brien and Flora
1992} and uts expropriaticn by commercial interests
through northern biased systems of intellectual prop
erty nnghts (Belcherand Hawtin 1991 Nairand Kumar
1993) This 1s an especiaily important 1ssue when
dealing with areas of knowledge with considerable
profit potenual such as medicinal plants and genetic
resources Although this s a crucial 1ssue for develop
g country farmers i1t 15 not very germane to this
particular study because 1) the CIAT Bean Program
had an explicit low agricultural input phlosophy in its
research for farmers who generally could not afford
external inputs such as fertilizer and pesticides (Mickel
1987) 2) for a varniety of reasons including the fact
that beans are self pollinaung there 15 hittle commer
cial interest 1h bean seced and 3) the focus of the
research was on disease management and farmer pro
duced seed

The principal approach taken 1n the on farm re
search part of the project may best be described as
Parucipatory Rural Cxperimentauon (PRE) This was
complemented by diagnostic surveys and informal
discussions There 15 no doubt that when farmers and
researchers conduct joint experiments and enter 1nto
extended and repeated discussions about them the
power and wealth rests disproportionately with re
searchers The guestion thus becomes toward what
ends researchers employ their means — to the benefit
of the farmers with whom they work or to thetr own or
other external agencies gain? 1tas also clear that local
farmers are far from powerless As James Scott and
Theodor Shanin bave convincingly shown (Scott 1985
Shanm 1971) they bave local knowledge numbers
experience language and most importantly the re
fusal to cooperate on their side! It is rather wronic that
many of the same authors who extol the virtues of
peasant kmowledge do not credit them with the capac
ity to deal effectively with intrusive obnoxious or
exploitauve ouisiders Inourexperience working suc
cessfully with farmers requires both respect and rect
procity whichincludes a fairexchange of tnformauon
In such an exchange it 15 important to recogmze that
both local and scientific knowledge have thewr strengths
and weaknesses and that the relationship 1s most frurt
ful when both learn from each other Uluimately a
tendency to over romanticize esther indigenous knowl
cdge or world sctence by 1ts proponents would be self
defeating because critics and experience will always
find gaps and ecrrors in any knowledge system The
history of Weslemn science 15 a case tn poiwnt

Context
The general charactenstics of African bean crop



ping systems have been recently reviewed by Allen ef
al (1989) Beans are the most important protein spurce
in the Great Lakes region Average consumption per
capitais over 40 kg per year (ISAR 1987) whichis the
highestin the world Beans consutute 50% of Rwanda s
protetn and 25% of 1ts carbohydrate production (CIAT
1984) Farmers predominantly grow beans as varietal
mixtures which nationally yield between 700 and 900
kgba ! According to Voss (1992) 967 of farmers in
Rwanda prefer to grow vanetal mixtures Women are
responsible for the majonity of food crop cultivauon
tasks especrally of beans

Dnseases are an important production constraint
Disease control in national on farm diagnostc trals
increased yields by 450 500 kgha 1 (Trutmann and
Graf 1993} The most important diseases were angular
leaf spot (Phaeoisariopsns griseola (Sacc ) Ferrans)
pboma blight (Phoma exigua var exigua (Desm )
Boerema) anthracnose (Colletotrichum hindemuthianum
(Sacc & Magnus) Bnos: & Ferrans) floury leaf spot
{(Mycovellosiella phaseoli (Drummond) Deighton) and
rootrots associated mainly with Fusarium oxysporum
f sp phaseol Kendnick & Snyder Insects especially
beanfly {Ophiomyta spencerella Greathead) limited
production on average by 150 250 kgha 1

Materials And Metheds

In 1984 85 an agricultural production survey was con
ducted around Ruhengen in the volcamic region of
northern Rwanda and backed by a smailer informal
survey around Butare in the central plateau The aum
was t0 focus scientist attenuon on problems identified
as prionities by farmers and to discern farmer prefer
€nces it bean types m order to onient the bean breeding
program Using a standard questionnaire 120
Rubengen farmers selected at random were asked Lo
rank their major production constraints and varietal
selection critenia in order of importance The formal
survey also asked farmers whether they tried new
vaneties and whether they first tned new vanetes
alone or directly in thewr mixture

In 1986 asurvey was conducted around Butare 1n
the central plateau The aim was 0 determine if farm
ers recogmzed common bean diseases and their causes
A random sample of ten women farmers was shown
pictures of some local bean diseases asked whether
they bad seen the phenomenon and asked to describe
the cause The pictures of diseases used were those of
angular leaf spot phoma (Ascochyta) blight and bean
common mosaic virus (BCMV)

In 1987 a twenty months ia situ study was con
ducted by a social anthropologist trawned tn agriculture
and local languages 1n Bwisha a Kinyarwanda speak
ing village in the Kivuregion of Zaire near the Rwandan
border The aim was based on information obtained in
earlier studies to explore farmer perception and man
agement of bean diseases in more depth These farmers

Trutmann et al Local knowledge of bean diseases

are considered (o0 bave the same cultural base as those
inRwanda Burundi and the Kigezt district of Uganda

Information was obtained using participant observa

ton and was complemented by structured interviews
and group discussions in the village once local themes
1 crop protection had been assessed Regular feed

back between the phytopathologist and antbropologist
enabled the latter to probe farmers techniques com

prebensively Later two months of repeated structured
group discussions were also conducted 1n 6 different
villages in the vicisty of the study vallage at alutudes
between 1000 and 2000 m Each group consisted of 6
key informants — 3 women and 3 men — who were
locally regarded as particularly knowledgeable farm

ers

Results

In the 1984 85 study that evaluated bean production
constraints insects drought and excess rain were the
major constraints listed by farmers (Table 1) Almost
no farmer mentioned diseases as an important con

straint When ashed  1f you see a dead plant what
caused it 657 of farmers answered sun 37% raimn

409 insects 77 poor soil and only 29 mentioned
disease The presence of a drought during the survey 1s
likely to have influenced farmers responses since this
led to an plague of aphids However it also showed
that problems such as excess rain that were prevalent
in other seasons were not forgotten There 1s virtually
no use of pesticides or fungicides on beans with the
excepuon of a very few farmers who use pesucides
provided for coffee to control storage pests However

mtheregion fungicide s avaiiable and widely used 1o
control late blight on potatoes which fetch high prices
at the market

T bl 1 Facrmer ranking of the mo t import nt b an
predu tion onstraints inth volcani region nd th
otralpl t uof Rwanda

C nstraint Farmer ra king
{m ximum s ore 100)
Is s 91
Drought B4
Ex s ran 73
Lack of | nd 65
Lack of m aure 60
L bor shortag 25

In the 1986 survey using photographs of disease
and pest symptoms no farmers recognized symptoms
of specific diseases Of the farmers inlerviewed 1o this
way all considered anthracnose to be caused by the
rain some related phoma blight to ran or insects and
angular leaf spot 10 exhausted soil All considered
BCMYV symploms to be a vanetal trait rather than an
ament It was concluded that farmers do not perceive
diseases as disunct entities rather they relate disease

3
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symptoms to the effects of ramn depleted soil or
varietal traits The relatton of angular leal spot to
exhausted so1l also suggests appreciation of the rela
tionship between continuous cropping and certain dis
ease symptoms

The 1987 study showed that farmers perceive
vartous forms of moisture as caustng damage to plants
Not all involve interaction with pathogens (Table 2)
Farmers descnibe damage as being caused both me
chanically and due to putrefaction the process of
rolting Microchmatic features of rainfall dew and arr
humidity are considered to be closely interrelated in
their effect on plant health baving both positive and
negative charactenistics Farmers recogmzed that therr
practices o manage microclimate were associated with
some disease symptoms

Moisture damages plants physically in the form of

Tabie 2 Farmer classiflication of ramn and it s {fecton
the crop

Type of rain  Type of damage Effect on the crop

As hail Mechanical It destroys the
crop mecham ally

As rain Me hamical It physically kno ks
off flowers

As dew Mechanical It loose s flowers so
that rain or a person
can more easily
knock then off

As surface Mechanical It carries away

flow the plants and
the good soil

As stagnant Putrefaction It kills the plants

water

As arr Putrefaction It rots the plants

hurmudity (Petnfaction)

As saul Putrefaction 1t rots the parts of

bumdity plants that touch the
ground

As sub urface  Putrefaction It cools th roots

flow 50 th t they rot

ball ran surface flow or when dew forms nside
flowers (mu uruyange) which makes the flowers frag
ile and himp (koroha) (Table 2) When it rains flowers
euther fali off (kugwa) or are ureparably damaged
(kuzambya) Farmers especially dislike rain durtng the
might or early morning at flowertng when flowers are
already fragile from dew [ 1s also considered bad to
weed at flowenng while plants are wet At higher
alitudes where rainfall and dew are greater farmers
sow later to promote flowering (kuyunga) at the begin
ming of the dry season To prevent dew damaged
Mowers from dropping farmers space the plants so that
they do not touch and dislodge the flowers

Mouisture 15 observed as putrefacton in the form of
high air humidity wet soal oras stagnant water which
causes rapid rottng (kubora) Root rots in the region
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soul are often associated with Fowsporum [ sp
phaseolr Weltsoil s also thought to rot plant parts that
touch 1t — especially the pods This 15 one reason why
most farmers 10 high ramnfall areas do not like vaneues
that sprawl on the ground Stagnant water often occurs
in poorly drained valleys and reinforces the local 1dea
that water can kill beans Farmers also observe that
water remaning on the leaf’s surface will damage it
The local analysis 1s that stagnant water cools the
roots and when on the foliage cools the leaves
Kubora the verb to rot also means to be soaked to the
bone to cool and o have had enough It connotes
being susceptible to 1ilness for people as well as for
plants

Not all villagers have tbe same explanatons for
the origins of plant necrosis but a common view 15
quoted by one villager when plants are sown oo
close together the leaves (tbibabi) meet and touch
{kwegerana} so the water rests on the leaves without
falling to the ground  the plants begintorot  Asa
consequence the farmer preferred to sow varnietes
with small leaves in humid places since the sun could
better penetrate the canopy and the water would evapo
rate more quickly Equally they weed the crop to dry
the vegetation by allowing n hght and wind Some
farmers synchromze planung to avord putrefaction
They say crops sown 1n proximity to other already
large crops are affected by the odor from older
plants which prevents them from growing and yield
ing well even if they are sown on a fertile field and at
an otherwise reasonable time In scientific terms the
explanatuon would be that pests and diseases have had
tume to develop on the more mature plants which then
infect the newly planted crop at a much earlier stage
and much more severely than would be the case with
synchronous planung It1s noteworthy that the impor
tance of synchronous planting s recognized in many
parts of the wropical world and 1s often enshrined tn
agnicultural rwals of first planting by highly respected
or religiously powerful individuals

larmer perceptions concerning crop death and
choice of varieties are related to local evaluauons of
human heaith Mujynya (1969) defines ubuzima as
health the vual principle thanks to which the
living physically develop and reproduce Health 1s
not directly contrasted to illness Villagers have ways
to evaluate thesr state of heaith and f 1t1s bad then a
natural resuit may be to become 1ll Anindicator of the

state of bealth of the human body s the amount of

blood (amaraso) available If there 15 too little (amaraso
make) then one becomes weak dizzy and suscepuble
to illness If one has to much (amaraso menshi) then
one becomes tense gets headaches and 1s also Iikely
to fall 11l The same 1diom 15 used for plants If plants
have too little sap (amazi make) they will not grow
strongly be uncompetttive with weeds and yield pooriy
If planus have toco much sap they become over ex



tended (gufura) and habte to putrefy and yield poorly
Hard (drier sapless) leaves do not rot as fast as lush
ones Thedioms for understanding the health of people
and crops arc linked by the use of a concept adopted
from Western medicine  «vitanmun Ivitamun 15 the
term used both for sonl and body nutrients  Jvitamn
15 a concept used today but has replaced a swmlar
concept of vigor but with different social connotation
than used 1n the past (Fairhead 1994) The more there
15 the more sap or blood there will be When people
fail low 1o blood they go to the local paramedic who
provides vitamin B12 for example or they eal certain
foods rich i tvitamin such as meats most bean variet
1es milk sugar palm o1l and mullet Cassava 1n
contrast 15 recogmzed as having little Conversely
headaches caused by having too much blood can be
treated by blood letung For plants too much 1vitamin
in the sol leads to too much sap and to over extension
(harashyishe guter gufura} too htile leads to com
petiive weakness
Gufura the state of having too much sap or being
overheated 15 considered damaging for several rea
sons Firstly 1t encourages leaves to touch Sceondly
toguoteafarmer plants with gutura mature later as
1t takes longer for the extra sap to go to the seed There
15 too much sap and not ¢nough plant so the leavesand
the pods die as of one had poured boiling water over
them The plant has overheated rather than been
over cooled as described earlier Thirdly climbing
beansmastateof gufura often grow from thetr stake
to other plants clostng the canopy Consequently the
humidity increases on lower parts of plants due to
decreased light penetration and arr movement This
reduces the numbers of successful flowers m lower
plant parts The tendency to gufura 1s linked to
variety Varieties that are more likely to gufura are
morte sensiive o high ferulity and rain A disiiked
feature of some 1mproved varietiesis their tendency
to gufura Farmers with varieties prone to gufura
(vigorous) prefer to sow them in drier and less fertile
conditions to control their growth (e g they are sown
later or on hard clay soils) Nonetheless 1f vigorous
varieties are grown in fertile conditions other mea
sures are available to mitigate the potential damage
such as sowing at reduced densities partially defoliat
g the planis { gusoroma ) or altering the staking
density and height Gulura 15 an umportant principle
in the local assessment and choice of bean varieties

Discussion

In the Great Lakes region farmers did not recognize
diseases as individual entities letalone as being caused
by ltving organisms Responses to whether or not they
had disease probiems o their crop were overwhelin

ingly negative To a farmer a loo vigorous crop with
too much sap was suscepttble to rain which resulted n
putrefaction during periods of high humidnny Disease

management was integrated 1nto crop protection as a
whole armers placed more value on avoiding condt:
tions that lead to disease (prior state of health ) than on
the diseases themselves (Trutmann et g! 1993) Elabo
rate crop management strategies revolved around regu
laung the state of health Farmers disease manage
ment strategies were based on preventing rather than
curning disease

Farmers clearly have no concept of the hological
causes of imdividual diseases which 1n medical sa
ence 1s based on the germ theory (Koch 1876) Given
this limitation many of their deductions from observa
tions are accurate They recogmzed symptoms of a
number of important diseases as associated with forms
of rain soulfertility or vanetal tratts Although BCMV
symptoms are not a vanelal trait they may be very
common causing leaf tissue of certain susceptible
varieties to turn vanous shades of green Angular leaf
spol 15 often more pronounced on plants n infertile
soils Diseases caused by C lindemuthianum and P
exigua var exigua become prevalent under high hu
mudity condtiions associated with rain and cause soft
tots The importance of humidity for the infection
process and consequently for parasitism and plant
necrosis 1s well documented in plant pathology Mois
ture levels n the foliosphere and the duration of leaf
wetness are basic elements that influence the develop
ment of many leaf and fruit pathogens (Paltz 1981)
Farmers by thinking through their observauons n
their own culteral tdioms have developed functional
explanations for putrefaction These explanations form
the basis for local practices to manage plant diseases
(Trutmann er al 1993)

This said 1t 15 evident from other studies that the
indsgenous disease management system could defi
nttely be improved Mult: seasonal multi regional
on farmdiagnostic trials indicate that bean yield losses
due to diseases remain around 49 89 of actual yield
(Trutmann and Graf 1993} To retamr perspective
plots or fields that do not use traditional practices (e g
uaivanetal stands) often become totaily destroyed by
disease particularly if the same vartety 15 used over
seasons Population pressure in the region 1s among the
highest 1n Africe and the need for more productivity
from the land 1s clearly recognized by farmers

The mformation obtaned from farmers suggests
that preventauve rather than curauve disease man
agement approaches would be more compatible with
local practices and conceptual frameworks Such ap
proaches are also environmentally more sustamable
and more cost effective (prevention vs cure) How
ever they are also more knowledge mtensive Pestt
cides are already avaitable but as yet lnttle used on
beans Their avarlabihty may be changing local att1
tudes to discase management as suggested by the local
name for fungicides umnti w tmvura or medicine
againsttherain  'We beheve that promoung strategies

5
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that encourage bmlding on present knowledge systems
would discourage building up a dependency on exog
enous inputs

In plant protection education that combanes trads
tional knowledge with disease identification basic
principles of epidemiology and etiology of discases
and management strategies would be potentially use
ful In our experience epidemiclogical principles of
diseases are not understood by farmers For example
nowhere m the region did farmers remove disease
infected plants from their fields — yet this 1s a tech
nique that 1s effectively used by farmers in many other
parts of the world to reduce crop losses from disease
{Palu 1981) Stmilarly education about pesucides to
which farmers are already exposed would promote
more selective less dependent use and safer bandling
of such products and provide farmers a more objective
basis for decistons about pesticide use in local sys
tems A better understanding by farmers of basic dis
eas¢ tnanagement principles would have major ben
efits for human health and the environment With new
and traditional knowledge farmers themselves would
then be able to develop suitable discase management
technologies and make better decisions as to which
technologies to accept and demand

There 1s much concern about farmer and gender
empowerment — disempowerment associated with
the study and use of indigenous knowledge (den
Biggelaar 1991 O Brien and Flora 1992) The au
thors of this paper share the concern but maintain that
krowledge of farmers systems and thought framework
15 essennial if external aid 15 to assist in iumproving the
quality of life of people in rural and ultimately tn urban
communities Clearly farmers must be the primary
players in changes affecting their life Approaches that
include the farmer in the process are less likely to end
up being rejected or to disempower farmers and de
stroy the social fabric 1n farming famihies and commu
mties If it 15 to be accepted that there is a role for
technology development to improve agricultural pro
duction 1n situations like the Great Lakes region of
Africa thenthe developers mustalso more critically
analyze the way their efforts may influence farmers
and 1n our case how the local knowledge might be used
as the basis for improvements that will benefit farmers

We have gamed some knowledge about farmers
understanding of plant disease The farmers cogmitive
framework has very practcat applications tn the man
agement of the effects of rain and plant vigor (Trutmann
et al 1993) We believe this framework must be
considered when developing technologies and should
be built on not 1gnored or destroyed as has often been
the case (Thrupp 1989) I'armers sysiems are always
dynamic and adjusting to changing circumstances
Any improvement should attempt to build on their
positive attnibutes by expanding the knowledge and
range of options available to farmers Apart from

6

making farmers principal actors in the process of
technology development there are other ways of em
powening farmers One way might be through an edu
cational system that combines aspects of Western
techmical knowledge with local knowledge An inter
esting approach promoted by some NGO s 15 to en
courage schools 10 1nvite knowledgeable elders to give
classes on therr farming techniques as part of the
regufar curmculum (Montecinos pers com) Similar
encouragement could be given to agricultural research
institutes

Notable strmilanties exist between the classifica
ton of heelo (ice) by farmers m Central Amertca
(Bentley 1989 1991) Farmers on both continents
associate ramn Or ice with disease symptoms and
elaborately classify vanous ways these damage plants
Farmers on both continents generaily appear to lack
knowledge of specific disease symptoms of most dis
eases Are there perhaps common principles in trad:
tional societies on perceptions of disease and crop
protection that can be used to guide technology devel
opment?

On the other hand we must be cautious not to
generalize these results Local knowledge 1s often
region spectfic Even if farmers tn many areas use the
same vocabulary the meaning can be very different
depending upon the agro ecology of the region As a
result although the methods and principles of this
study probably have wide application in Afnica and
perhaps elsewhere the results presented here are geo
graphically specific and cannot be seen as a substitute
for working and talking with farmers
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Disease Control and Small Multiphcation Plots Improve Seed
Quality and Small Farm Dry Bean Yields in Central Africa

Peter Trutmann! and Emmanuel Kayitare?

ABSTRACT

Clean seed increased yield of dry beans (Phaseolus vuigaris L. ) in the Great Lakes region of Africa Combined
cultural management practices decreased the development of disease on peds but did not acrease vields The
effectiveness of cultural control together with other promising methods toimprove seed quality was investigated with
farmers on farm i smail muitiphcation plots Decreases in blemished seed were obtained using multiplication plot
technigues but after threeseasons yieid from such seed was different only at P < 0 1 to yield from seed produced with
traditional methods Farmers responded favourably to the introduction of multiplication plots due to differences in
the seed quahty but not because of increased yields from the use of clean seed

Additional index words disease control seed multiphcation Africa Phaseolus vuigaris seed quality

INTRODUCTION

in the Great Lakes region of Central Africa subsist
ence farming sull predominates Holdings average 0 5 ha
perhousehold and few extemalinputsare used particularly
on food crops Intenstfication of production s essential to
support the large and rapidly growing population in the
region whose diet relies on beans as the major protein
source One tdenufied constraint to increased productivity
of Phaseolusyulearis L 1sthe quality and quantity of clean
seed available to farmers both of farmers own traditional
varetal mixtures and new ymproved cultivars

Traditional seed mixtures inthe region are very diverse
averaging around twenty recogntsable components (Voss
personal communication) Farmers have thetr own specific
muxtures for fertile and unfertile soil and for intercropping
with bananas (Voss and Graf 1991) Some fammers havea
different mixture selected for each field It 1s impossible to
produce clean seed of these diverse mixtures through official
schemes Neither 1s 1t ai present feasible or desirable 10
replace the genetic diversity of traditional mixtures with
single or few cultivars It 1s difficult to increase yields
rapidly m these diverse systems A partiaf solution would be
for farmers 1o produce good quality seed of their respective
mixtures which would result in a reduction in disease and
encourage higher yields However little informanon 1s
available astohow farmers cando sowithsimpletechnology
adapted to thetr system and constraints

The second problem concerns efforts of the national
programmes to produce sufficient amounts of quality seed
of improved cultivars and tc promote rapid diffusion
According to Sperling (personal communication) speed of
diffusion of new culuivars mcentral Rwanda is restricied by
social factors fammers are reluctant to provide seed to non
family members and people who are not close friends
including neighbours and farmers prefer seed produced on
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the same hill rather than at some unknown distant place
More important perhaps for the present supply of good
quahty seed of new cultivars 1s limited Some of these
constraints could be reduced through local production of
seed by farmers

Quality of seed in the region 1s strongly linked with
the presence or absence of pathogens in seed In the Great
Lakes region control of fungal pathogens alone increased
on farm yields by 300 450 kg ha! (Perreaux 1988
Trutmann and Graf 1988) Of the pathogens observed the
three mostcommon were angular leaf spot (Phaeoisat topsts
griseola (Sacc ) Ferrans) anthracnose (Colleton icluan
hademuiluanun (Sace & Magnus) Briosi & Ferranis) and
Phoma {Ascochyta) bhieht (Phoma evieua Desm var
dneistspora) All three are seed bome In some cases
particularly in seed of new cultrvars muluplied on alar er
scale halo blight (Pseudontonas sviingae pv phaseolicola
(Burkholder 1926) Young Dye & Wylkie 1978) which 1s
also transmutted by seed s or 1s becoming a problem
disease Therefore asthe major pathogens which iimit bean
production are seed horne their control through producuon
of clean seed should tncrease production as lon as a
significant proportion of the inoculum inthe hieldon nates
from seed

On furm seed multiplication 15 not a new concept
(Tee 1977 Boro 1981 CIAT 1982) However inthe past
never orrarely has the concept been apphied toimprovine
traditional farmer seed 1n conjunction with simple
improvements to traditional practices and technolo 1es
suchas seed treatments Work on farmer seed multiplicanion
has been specifically aimed at producing adequate quantu
ties of good quality seed of new released culuvars

The objectives of this study were to evaluate
effectiveness of clean seed in raistng bean yields in the
region and then to develop methodology compatible with

Rw | Pre tAddre T p (P re Prog mme CIAT \A



loc 1l practices to reduce seed transmitted diseases Later
inexpensive integrated methods were tested on farmtogether
with tarmers using small seed multiplication plots by
measuring crop yields for three seasons using seed from
multiplication plots

MATERIALS AND METHODS

The effect of using clean seed on production of P
vaulyar is was evaluated at Rubona stauon of [ Instit 1t des
Sciences Agronomiques du Rwanda (ISAR) P dain
1985 Blemish free seed from alocal mixture of / vulgarts
grown on station in the previous season when the sced crop
had been protected with benomyl at 500 g ha ! every two
weeks to harvest was compared to seed from the same
mixture which had not been treated with benomyl Before
sowing the seed was selected by women using traditionai
methods Plots 16 m?2 were sown using local methods which
encourage maximum spacing between plants at 350 000
plants ha ! Plots were separatedbya | 5 mbandsown with
soybeans (Givcine max (L) Merr} Treatments were
replicated five times using a random block design At
harvest seed yields were compared

The effects on disease development on pods and seed
yield following removal of diseased leaves i1emoval of
diseased seedhings and acombinationof both comparedto
local crop management were evaluated at Rubona station
in 1985 and 1986 Plots 16 m2 were sown using traditional
seed selection and sowing methods A border of 2 m was
sown with soybeans betweenplots Apart fromexpenmental
treatments normal local cullivation practices were
marntained Diseases were evaluated at late grainfill using
percentage surface ared infected as the evaluation cnterion
The tnal wa replicated six times repeated over three
growing seasons using arandom block design and analysed
using analysis of variance (ANOVA) Seed selection after
harvest was evaluated as an additional treatment for one
season alone and incombination using the above methods

A multiphcation scheme was developed for use on
small farms integrating information from research on
cultural methods of disease control with other promising
results These included the use of seed treatments (Trutmann
1987) 1improvements based on elimunating blemished seed
before sowing and other practices 1n seed production such
as eradication of plants with symptoms of viruses and
bacteria and selection ofhealthy plants at harvest Todoso
seed multiplication plots of 10 m2 were evaluated with five
farmers for four growing seasons in 1987 and 1988 using
the following recommendations Farmers were asked to
selectafertile plotand sow theirmixture early in the season
To do so 1n addition to normal selection criteria fammers
were asked and shown how to select only seed without
blemishes on the testa and the hilum area Before sowing
seed was treated with benomyl (1 ga1 kg ) thiram (I Sg
a1 kg ) andendosulfan(l ga1 kg ') Seed was moistened
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with water drops left for 03 3 h and sown n plots using
local methods The seed was dropped into pockets made by
a small hoe in a well prepared seed bed to produce even
spicing between plants A 1 m border around the plot was
sown with maize or sorghum to reduce inter plot
interference Afterseedling emergence farmers were asked
to visit plots at least once per week and to pull out diseased
seedlings when plants were dry Later during weeding

farmers were asked and shownhow 1o remove the primary
leaves from the plants and from the field for composting or
burming Plants were removed if they showed symptoms of
viruses (especially Bean Common Mosaic Virus) and halo
blight Middletoolderleaves were removedifinfected with
anthracnose angular leaf spat Phoma blight and common
bactenal blight Farmers were forbidden toenter plots when
plants were covered with dew or when wet Planis were
harvested early and selected for the cleanest pods Plants
with lesions on pods were avoided Pods and seed from
heavily diseased plants were used for food Farmers were
shown how to select the best seed after harvest and to store
1t separately for sowing seed for the next season s
multiplicauion plot This same seed was also used to sow in
plots to compare yield with seed from the same mixture
selected using normal farmers practices Todothis two25
mZplots each with either seed selected from muiupiication
plots or using farmers traditional selection methods were
installed on five farms This was repeated for two seasons
onfarm and for one season together with other participating
farmers seed on station At harvest seed weight was
measured and farmers were interviewed as to their
impressions The phytosanitary quality of seed produced in
multiplication plots and farmers normalseed was compared
in the third season by measuning the percentage of seeds
blemished per 200 g seed per plot (1 kg per treatment) The
farms were visited every month Farmers advice and 1deas
were sought as a matter of routine and at the end of each
season a meeting of the group was amranged to discuss
merits problems and improvements needed

RESULTS

The difference in yield of a local vanetal mixture
through using clean or farmer seed i1s shown in Table 1
Y eid increased (P <0 05) 219% with the use of disease tree
seed equivalentto 210kgha | Removal of diseased leaves
reduced (P < 0 05) angular leaf spot and both angular leaf
spot and anthracnose were reduced (P < 0 05) using the
combined treatment (Table 2) Thetnals showed that cuitural
methods were effective in reducing the level of disease on
pods and hence seed These methods were more effective
if combined and their effects became more evident when
repealed over lime although they did not improve bean
yield However regressions with yeeld showed strong

correlations for ang ular leat spot (R2= 0 99)and anthracnose
(R2=086)
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Iiblc | Seed vieids from a varietal mixture of dry beans sown using either seed seiected by farmers or
pathogen free seed

Seed source Yield (kg ha 1)
Traditional 999 6a
Pathogen free 1210 Obl

i Sigmificantly different at P < 0 05 using ANOVA

Table 2 Disease assessment and seed yield of dry bean crops following different disease management treatments

Disease on pods at maturity
(7 surface arevinfected)

Yield

Treatment Angular leaf spot Anthracnose (kgha 1)
| Control seed selection before sowing! 6 8a 6 2a 1175a
2 Control plus removal of diseased leaves 4 8bc 5 5ab 1190a
3 Control plus removal of diseased seedlings 6 Oab 4 9ab 1207a
4 All treatments combined 3 39%b 1237a

I Most common tracitional farmer practuice

Numbers with the same letters do not differ significantly (P < 0 05) using Duncan s mujuple range test

The second experiment on cultural methods was seedlings reduced anthracnose {P < 0 05) There wns no
conducted only over one season and included an additional direct yield advantage with any method It is hikely that
seed selection treatment (Table 3) Seed selection after removal of substantial amounts of photosynthetic tissue 1n
harvest alone did not affect disease development or yield trcatments reduced the producthive capacity of plants as
and only the combined removal of diseased leaves and much as removal of diseased tissue aided plants

Table 3 Disease assessment and seed yield for dry bean crops following different seed selection and disease
management treatments

Disease on pods at maturity
(7 surface area infected}

Yield

Treatment Angular leaf spot Anthracnose (kg ha 1}
1 Control seed selection before sowmng! 58a 7 8a 535a
2 Control plus seed selection after harvest 6 5a 6 5a 755a
3 Control plus removal of diseased leaves 4 0a 6 6a 420a
4 Control plus removal of diseased seedlings 6 3a 7 8a 395a
5 All treatments combined 4 0a 25b 600a

I Maost common traditional farmer practice
Numbers with the same letters do not differ significantly (P < 0 05) using Duncan s multiple range test
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The results from on hrm research on multiplic won
plots wd yicdd studies e pre ented inTabies 4 and 5 There
v consideribic virnion tnoresults between farmers
Nevertheless the percentage of blemished seed decreased
{P < 005) from tarmers muitiplication plots compared to
seed sclected using local methods (Table 4} In yield plots
sown with seed from multiphcation plots there was a
consistent trend towirds higher confidence in observed
yield increases up to the 90% confidence level over three
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sedsons even i the B seasons (March July) wath hea y
rainfall (Tible 5) The results were reflected in farmer
comments a}l five noted that they observed an increase in
seed quality but made no particular reference to yield
mcreases  All wanted to continue working with the
multiphcation plots implying seed quality was sufficiently
good to convince farmers of the value of multiplication
plots and that the method has benefits understood by
farmers but not measured in this study

Table 4 Proportions of blemished dry bean seed before sowing from multiphcation plots and traditional scurces
aftcr seiection

Seed source

% Blemished seed

Traditional
Muluplication plot

1 2a
03b

Valucs with the same letter do not differat P < 0 (5

Tible » Yields of dry beans over three growing seasons from experimental plots for which seed was erther (1)
tradiftonally selected or (n) obtained from small multiplication plots

Season
198781 1988A1 19888
Treatment Grain yield (kg ha 1)
Tradihional 9%6a | 140a 705a
Multiplicauon plot 1055a 125842 805a3
Coefficient of variation 114 109 155

Vilues followed by the same fetter within the same column do not differ significantly (P < 0 05) using ANOVA

Lon tarm “different at P <02 3ditferent at P <0 |

DISCUSSION

Margtnal changes in farmer practices builton existing
traditional techmiques rather than large changes are more
likely to be accepted in subsisience agncultural systems
The cultural methods tested n this study were based on
furmers traditional practices Forexample farmcersremove
the primary leaves at weeding but leave them on the ground
where pathogens can sull infect plants in the tnals these
leav & wore removed from the plots and both primary
leaves and diseased tnfoliate leaves were regularly removed
Seed selection 1s practiced by virtually all fanmers The
traditional methods are excetlent in many aspects but can
be improved Farmers commonly retain blemished seed as
long as blemushes are not around the bilum Improved seed
selection methods take account of all blemishes

An extensive survey by Voss (1988) showed that
before seiectionby tarmers 19 57 oi farmerseed contained

lesions [n the present study the quality of seed of the five
participating farmers was considerably better The differ
ences may be due to seasonal vanation in disease incidence
or because farmers i this study managed their seed better
than most farmers

The results of these studies show that on farm seed
muttiphcation technologies which meet the critena of smali
farmers to improve the quality of seed of local mixtures are
avatlable The major problem s that statstically significant
increases in yields were not obtained although each season
numencal yield increases over normally selected seed were
obtatned 1n on farm tnals Tt must be bomne i mind that
yields were expected to improve gradually each scason as
seed quality improved However suchslhightimprovements
in yield of crops ,rown from better quaiity seed are unhikely
to convince small farmers to adopt the concept of smali
multplication plots
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Whether the u ¢ of smill multiplic ion plots will be
widelv wdopted i the Cre u Lakes region and perhaps other
recions i Africa remains to be seen Farmers in thesc
studies were not convinced about yield increases after two
se ons but were interested inthe concept because of visual
ditferences in the quahty of seed produced It appears
tarmers e aware of the value of clean seed and this rather
than the tedious process of showwg visual increases in
yield may be sutficientto convince themof the vatue of the
concept Of pnmary importance tothe successful exten 1on
of secd production plots 1s the education of farmers about
dise 1ses and their control and how to use cultural and
chemical disease control methods

A tactor whichis likely to influence the thoroughness
of farmer seed selection on many farms andthe effectiveness
of seed muluplication plots 1s the avatlability of seed for
sowing Many farmers harvest insufficient seed n an
untavourabie season to be able to be very selecuive in the
quakhity of sced for sowing the next season Consequently
the cycle of gradually improving seed qualty would need 1o
be repeated The influence of suchshortagesonseedquality
should be further investigated

Exiending the methods for gencral improvement of
ben seed could also promote smill scale commercial
produttion 1f adopted by tarmers with sutfictent Iind to
multiply seed of improved cultivars for their surrounding
area Theincentivetoproduce seed commercially forothers
may intialty be 4 driving force for the acceptance of the
simple package 1t may also be worthwhile to investigate
the feasibility of integraung methods of improving clean
seed production for other crops together with beans 1n
small multiphcation plots An integrated system of seed
production may enhance the acceptability of small
multiplicanion plots by farmers

During the study lesions on seed rather than plating
tests were used as the ¢ritenon for pathogen contamination
Furstly laboratory facilities were not adequate at the ime of
study to do any but the most basic tests which would have
enabled 1solation of C [indemuthianum and P e vqua var
dinersispora but not ot P griseola or permitied precise
wentufication of bactenal pathogens Thus ncomplete
information would have been available Secondly the use
of lesions was used to provide farmers and extension
workers with a visual means of checking the cleaniiness of
sced ln addition seed discolouration has been used for
grading, seed as a measure of sevenity of infection for crops
such as cereals (Christensen 1957) and nce (Neergaard
1970) and appears to be a rough but valid measure of the
incidence of seed borne pathogens in beans where infection
results in vistble discolourauon of seed (Neergaard 1977)
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Managing Angular Leaf Spot on Common Bean in Africa
by Supplementing Farmer Mixtures with Resistant Varieties
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In many African countries common
bean (Phaseolus wulgarts L) 1s an
imporiant protein source (4) and s culta
vated predominantly as vanetal mix
tures The genetic diversity i mixtures
1s large the mean number of seed types
and colors per farmer mixture has been
esumated at 20 in Rwanda (15) and 13
in Malawi (7} Each farmer has a ciffer
ent mixture and often has arious
mixtures Discases are a major constraint
to bean production in the central African
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highlands which principally encompass
Burundi Rwanda and Zawre (11 12 13)
and are also important in other Alrican
countries (1) Angular leaf spot caused
by Phae sar opsis griseola (Sacc )
Ferrans 1s consydered to be one of the
most important biouc constraints to on
farm y eld in the G eat Lakes region of
Africa (13} and s control 15 a high
prionity of nauonal programs in the
region

Wolfe (16) reviewed the literature on
disease control with multlines and
vanetai mixtures and noted that host
mixtu es may restr ct the spread of
pathogens and their diseases consider
ably relative to the mean of their compo
nents provided components differ n
their susceptibthty Lyimo and Ten {10)
supported this principle for P ulg s

in Afnica However wo kin the literature
exclusi ely discusses mixtures as a means
of diversification from a monoculture
standpoint No reports have specifically
investigated the addition of resistant
arieties to farmer varietal mixtures for
management of disease

The objectives of this study were to
determine whether angular leal spot
severity could be reduced in farmer
mixtures by supplementing them wath
new acties resistant to angular feaf
spot to ascertain whether {farmer com
ponents can be protected and to deter
mine what proportions of new resistant
material are required to obtain a pro
tecti e effect 1n farmer mixtures

MATERIALS AND METHODS
Studies were conducted at the
Mulungu station of 1Institut National
pour | Etude et la Recherche Agrono
miques (INERA) 1n the Kivu region of
Zaire Ilts geographical and chmato
logical charactenistics are 02 19 S
28 45 E ailutude of 1700 m mean
temperature of 162 C and 1| 845 mm
of ranfall per annum n a bimodal
pattern Angular leaf spot 15 severe and
15 the dominant common bean disease
On 16 m? plots a local farmer bean
mixture was sown supplemented with
various proportions of angular leafl
spot resistant matenal from the Centro
Internacional de Agr cultura Tropical
(CIAT) breeds g | e BATT6 (growth



type Il small grained black seeded) or
A285 (growth type II small graned
yellow seeded} Seeds were sown in a
geometric pattern 20 cm apart which
simulated local sowing methods Seed of
the resistant variety was evenly dis
tnbuted as either 10 20 25 50 75 or
100% of seed sown n each treatment
depending on the tnal Each resistant
plant was tagged with a long peg to
distinguish 1t from the components of
farmer mixtures Plots were separated by
twice the distance of the plot length to
reduce interplot interference Soybean
(Glycine max (L) Merr) was planted
between plots The trial was replhcated
s1x imes 1n the first season and four times
in subsequent seasons with treatments
arranged 1n a randomized block design
Tnals were repeated three times with
proportions of resistance of 25 100% and
once with proportions of 10 20%
Angular leal spot se enty was evalu
ated as the percentage of surface area
infected To measure the effect of
resistant varneties on the local bean
mixture component 40 local mixture
plants per plot were selected at random
On each sclected plant leaves on the
third fifth and seventh nodes were
evaluated at flowering pod fill and grain
fill (5} At each of these times leaves on
each node differed 1n age Leavesonnode
3 at flowering were 28 days old on node
5 14 days at flowering 28 days at pod
fill and 49 days at grain fill and on node
7 7 days at flowenng 21 days at pod
fill and 42 days at grain fill In the third
season whole local mixture plants not
tndividual leaves were evaluated For
whole plants the time from the first leaf
stage when leaf tissue becomes available
for infection to flowening was 30 days
to pod fill 44 days and 10 gran filt
65 days In treatments contaimng only
resistant plants these plants rather than
local mixture components were evalu
ated The terms flowering pod fill and
gran fill were used foliowing CIAT (5)
Overall angular leaf spot sevenity (1 e
the combined discase level of resistant
and local mixture components) was
obtaincd by a general angular leaf spot
evaluation of all plant foliage in each
piot Results were analyzed using an
analysis of variance and treatments were
compared with Duncan s multiple range
test The apparent infection rates (14)
were calculated for the logistic model
using the third tnal when plants were
evaluated for total foliar area infected

RESULTS

Angular leafl spot se erity in supple-
mented local mixture components
Supplementation of local mixtures with
25 50 or 75% of either BAT76 or A285
resulted 1n reductions (P = 005) of
disease seventy :n the local mxture
components of new mixtures as com
pared 1o disease severity in the pure local
mixture treatments measured both as

leaves on tdividual nodes {Table 1) and
as total plant foliage (Fig 1) Confidence
le els of differences between treatments
improved with ime Defohation of older
leaves on nodes 3 and 5 from disease
severity prevented measurement of
infection of leaves over all plant growth
stages (Table 1)

The apparent infection rate of P
griseola \n farmer mixture components
was most rapid between the primary leal
stage and lowerning (Table 2) The incor
poration of 25% of A285 into the local
mixture reduced the average apparent
infection rates on local mixture compo
nents and reduced the rate further at
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higher supplementation levels

No sigmficant differences in angular
leaf spot seventy were observed in local
mixture components when the local
mixture was suppiemented with 10 and
20% of BATT6 (Table 3) Dhisease
pressure was considerably higher 1n the
tnal compared to that in other seasons

Effect of resistance supplemented
mixiures on disease severity in new
mixtures The mean angular leaf spot
seventy over four seasons of testing was
20 8 14 and 409% of total lcal area of
piants in plots from 1986 to 1988
Significant reductions in angular leal
spol severnity n the new mixtures were
observed when 25 50 or 75% resistant
variely BATT6 or A285 was added to
the local mixture (Figs 2 and 3) Ne
significant differences were observed
when a farmer rmixture was supple
mented with 10 and 209% BAT76 but
lower trends of angular leaf spot in new
mixtures contaiming BAT76 were
obser ed (Table 3)

DISCUSSION

Incorporation of relauvely low pro
po tions of angular leaf spot resistance
int local muxtures reduced disease severiy
m the farmer components of mixtures
supplemented with resistant vaneties in
three out of four seasons These results
are sign ficant because they show for the
first time that disease can be controlled
in local bean mixtures by supplementing
them with resistant vaneties This sug
gests that rapid impact on angular leal
spol can be achieved with modern plant
breeding products 1n systems 1n which
varietal mixtures and angular leaf spot
predominate without ehminating the
existing genetic diversity

The physical presence of a resistant
varniety o a farmer mixture protected
farmer mixture components and itseif
contributed di ectly to the overall level
of disease 1n the mixture When no
protective effect i35 achieved on local
mixtu e components perhaps because of
very high disease pressure the physical
presence of a resistant variety would
provide the [armer with some assurance
of production

In this study supplementation of local
mixtures with 25% of a resistant vanety
reduced angula leal spot The resuits are
encouraging since many previous
studies particularly on rusts of arnious
cercals suggest higher proportions of
resistance are required to adequately
protect a host crop Browning and Fry
(2) estimated that to restrict crown rust
of oats adequately the proportion of the
resistant component in the mixture must
be between 40 and 509 Jensen and Kent
{(9) {found that no less than 40% of partial
prot ction in a popuiation might pro 1de
fuil p otection Burdon and Chil ¢ s (3)
also calculated that 1 50¢ resistant
mixtu ¢ was ne ded to substant ally
reduce the rate of spread of Pythium



irregufare Buisman One of the few
reports 1n which lower proportions of
resistance effecti ely protected uscept
ble components was published by Jeger
et al (8) working wth the wheat Sep
torta nofo m Berkeley and the bar
ley Rhvnchosportum secalts (Oudem )
J ] Dawis disease systems It may be
that the resistance afready a aifable 1n
farmer mixtures helps reduce the amount
of additional resistance needed to obtamn
adequate disease reduction

Single sources of resistance to angular
leal spot were used in thus study How
e er to ensure di ersity of reststance in
the future because sigmficant patho
gemic vanabil ty of angular leal spot
exists (6) 11s dess able to use a broader
ange of sources An assortment of
p oductt e resistant  a 1eties could be
offered to individual farmers which
would encourage the use of diverse resis
tant sources over a regon Precon
structed muixtures are not hikely to be
accepted by farmers because this
interferes with the {flexibility of farmers
to tallor mixture composttion to specific
needs {Trutmann Voss and Faihead
unpublished) Multilines are unnecessary
where beans are grown tn varietal
muxtures but it would be highly desirable
to backcross certain competiti e pro
ducts e and preferred local vanieties with
different sources of angular leal spot
resistance

Concurrent studies have shown disease
reduction to be translated into significant
yield increases (Trutmann and Pyndp
unpt bl shed) but many questions still
need to be resol ed It was e ident that
under exper mental conditions the major
inoculum source o iginated from within
the plots otherwise no protect € effect
would have been wvisible (16) Will this
phenomenon still hold on farms where
fields are often less than an erghth of
a hecta ¢ and bordered by a different
bean mixture? Protect: e effects have
been demonstrated for angular ieaf spot
howe er 1t1s not known whether sumlar

effects will be observed when farmer
mixtures are supplemented with variet es
resistant to other important bean
diseases

Supplementation of local maixtures
with resistant arieties appears to be a
feasible strategy for control of a single
important disease but it 1s unlikely to
be feasible > desirable for multiple
disease control Attempts to control
multtple diseases by the supplementation
strategy are hikely to lead to a large dis
placement of local varnieties and eroston
of local germ plasm f subsutution of
a guarter to one half of local mixture
seed 15 required to obtain protection
against each disease The problem might
be managed partly through the deveiop
ment of aietes resistant to multiple
d seases but pyramiding resistance 1s at
present not feastble 1n many nauonal
programs because of a lack of resources
and infrastructu ¢ More ealsucally
approaches 1n systems where varetal
muxtures predominate should incorpo
rate integrated management strategles
that control muluple diseases and
conser e genetic diversity
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Partial replacement of local common bean mixtures by
high yielding angular leaf spot resistant varieties to
conserve local genetic diversity while increasing yield
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Summary

The effect of replacing proportions of local farmer bean (Phaseolus vulgar:s)
mixtures with vaneties resistant to angular leaf spot on grain yield was evaluated
under local disease pressure 1n the Kivu region of Zaire Local bean mixtures in
on station and 1t multi locational trials containing respectively 25% or 50% of
Centro Internacional de Agncultura Tropical (CIAT) breeding hnes BAT76 or
A285 resistant to angular leaf spot yielded significantly more than the local
mixture alone Yields exceeded expected values in three seasons of on station
testing and in two seasons of mult: locational trials Yield over the expected was
found to be a property of new mixtures not protected with fungrcide and were
attributed to disease control Relative to expected yields non protected farmer
mixture components performed 17% and 16% better than 1n protected plots and
A285 components yielded 24% and 16% better at respectively 25% and 50%
A285 supplementation levels A285 increased yields of the local mixture com
ponents and benefitted from the local mixture when not protected by fungicide
Yield increases in mults locational trials were largely attnbuted to the higher
yield potential of the resistant vanety A285 although angular leaf spot seventy
was significantly reduced It was concluded that high yielding resistant vaneties
were able to increase bean yield 1n the region but probably at a substantial cost
mn genetic diversity in farmer bean muxtures That said a partial replacement
strategy 1s preferable to strategies which encourage complete replacement of
local germplasm with one or few high yrelding vaneties

Key words Mixtures Phaseolus vulgarss angular leaf spot genetic diversity

Introduction

In many parts of Afnica and particularly the eastern nghlands common beans Phaseolus
vulgans are predommantly cultivated as vanetal mixtures No two vanieties are genetically
identical although they may possess similar seed types (Adams & Martin 1988) In Burund:
Rwanda the Kivu region of Zamre and South west Uganda known as the Great Lakes
Region beans are also the principal source of dietary proten (Pachico 1989) Diseases are
amajor constraint to bean production in the region (Perreaux 1986 Pyndy 1987 Trutmann
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& Graf 1993) The largest yield losses are associated with angular leaf spot caused by
Phaeoisariopsis griseola (Trutmann & Graf 1993)

Research efforts to increase bean production have centred principaily around the selection
of high yielding resistant germplasm This strategy promoted by iternational agnicultural
research centres (IARCs) and many national agncultural research systems (NARS) has
substantially increased yield in numerous cropping systems (Anderson Herdt & Scobie
1988) However although this strategy has also been followed in Africa 1t 1S not clear what
the mmpact of high yielding disease resistant varieties will be n the diverse and Ihittle
understood systems where vanetal mixtures predominate Farmers prefer vanetal mixtures
to pure cultures in part due to yield stability and generally add new vaneties into their
existing mixtures rather than to replace their mixtures with a new vanety (Anon 1984)
Under such circumstances 1t may be that the beneficial properties of these introduced
varieties are diluted Although farmers prefer local mixtures over pure varieties adoption
of new vaneties has in the past lead to substantial or complete displacement of local
mixture components and to severe erosion of time tested adapted local genetic diversity
available to farmers 1n areas of Tanzama Uganda and Kenya Considering that genetic
diversity i1s now a recognised strategy for crop protection including disease control (Anon
1989 Wilkes 1992) 1its maintenance must be a major consideration in efforts to improve
the livehihood of subsistence farmers As part of this process we must obtain a better
understanding of the interaction of higher yielding resistant vaneties with the-local mixtures
to make better decisions about the benefits of the germplasm strategy for farmers in the
Afncan highlands As part of this process the use of a strategy of partial rather than total
replacement of local mixtures with high yielding resistant vanieties was evaluated

In a recent paper we reported that substitution of 25% of a local bean mixture with a
variety resistant to angular leaf spot protected the remaining local mixture components
(Pyndpn & Trutmann 1992) We suggested the use of resistant varieties to control a single
disease might be justifiable because most of the original mixture diversity would be retamed
but that the strategy might not be feasible, or desirable to control multiple diseases In this
paper we elaborate on these findings by reporting on the effect on yield of incorporating
angular leaf spot resistant vaneties to local bean mixtures We also report on the effects on
angular leaf spot sevenity and yield of incorporating resistant vaneties into local mixtures
over time and location on the yield contnibution of the local mixture and the resistant
variety components of the next mixtures and on the potential impact of the strategy of
partial replacement on local genetic diversity

Matenrials and Methods

Three types of tnals were conducted 1) on station field tnals to evaluate the effect of
resistant vaneties on yield over three seasons 2) on station tnals to determune the yield
components of local mixtures contamnng proportions of a resistant variety and 3) multi
locational field tnals with collaborating non government orgamisations (NGOs) to evaluate
the temporal and locational effects on these new muxtures The first two studies were
conducted at Mulungu station of the Institut National pour | Etude et la Recherche
Agronomiques (INERA) 1n the Kivu region of Zare Its geographical and climatologcal
charactenistics are L 02 19 S 128 45 E altitude 1700 m mean temperature 16 2 C and
rainfall 1845 mm per annum 1 a bimodal pattern Angular leaf spot 18 severe and the
dominant common bean disease For the first series of trials 16 m? plots were sown with a
local farmer bean mixture supplemented with vanous proportions of a vanety resistant to
angular leaf spot erther the Centro Internacional de Agricultura Troprcal (CIAT) breeding
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line BAT76 (growth type Il small gramed black seeded) or A285 (growth type II small
gramed cream seeded) Seeds were sown 1n a geometnc pattern 20 cm apart and 25
seeds m? which simulated local sowing methods Seed of the resistant vanety was evenly
distributed as either 10% 20% 25% 50% 75% or 100% of seed sown n each treatment
depending on the trial Each resistant plant was 1dentified with a long peg to distinguish 1t
from the components of farmer mixtures Plots were separated by twice the distance of the
plot length to reduce inter plot interference Soybean (Glycine max L Merr ) was planted
between plots The tnal was replicated six times mn the first season and four times in
subsequent seasons with treatments arranged mn a randomised block design Tnals were
repeated three times with proportions of resistance of 25-100% The yreld of dry beans was
weighed at harvest The disease seventy data of these tnals has been published previously
(Pyndj1 & Trutmann 1992)

The second senes of tnals which evaluated the yield components were established using
25 m? plots which were sown as described with a local bean mixture supplemented with the
CIAT breeding line A285 at proportions of 0% 25% 50% and 100% and sown as described
above Mixtures were either left untreated or treated every 14 days with a muxture of 25%
a1 maneb and 50% a1 methyl thiophanate at 3kg ha™ 1n 1000 litres water from the
beginnming of flowening The trial was replicated six times using a randomised block design
and repeated two seasons At harvest dry bean yield of the local mixture and the A285
components were measured 1n all treatments

The third series of tnals were established 1n a radius of 22 km around Mulungu 1n March
1988 tnals at three locations Miti Katana and Mulungu and in September 1988 at four
locations Mit1 Katana Mudaka and Mulungu Plots 50 m?* were sown with local farmer
muxtures mixed with 0% 25% 50% 75% and 100% of the angular leaf spot resistant CIAT
breeding ine A285 and sown equidistantly as practised by local farmers at 250 000 — 350 000
seeds ha™! Tnals were replicated two times per site in March 1988 and three times per
site 1n September 1988 and sown 1n a randomised block design Treatments were evaluated

for yield using an analysis of vanance (ANOVA) Disease severity was evaluated as
descnbed 1n Pyndpn & Trutmann (1992)

Results

The yields over three seasons of local mixtures supplemented with A285 or BAT76 are
shown in Table 1 Sigmficant yield increases equivalent to 27-33% over the local mixture
were obtained by supplementing farmer mixtures with 25% of A285 or 50% of BAT76
Yields also exceeded the expected by 2-22% when the local mixture was supplemented
with A285 or BAT76 The resistant lines yieided significantly more each season than the
local mixture Sigmificant decreases 1n angular leaf spot seventy were also obtamned in all
three tnals and were presented in Pyndj & Trutmann (1992)

Fungicide application sigmificantly increased yield (P =0001) equivalent to a yeld
increase over unprotected plots of 24% and 30% in the local mixture and A285 respectively
(Fig 1) These increases were attrnibuted to the effect of fungal pathogens on yield In local
mxtures supplemented with A285 yield increases over the expected were associated with
unprotected plots rather than protected plots In protected plots yield of local mixture
components was 21% below the expected when supplemented with 25% of A285 whereas
1n unprotected plots they yielded 4% below the expected a comparative increase of 17%
When 50% of A285 was added to the local mixture the yield of the local mixture increased
from 11% above the expected 1n protected plots to 27% above the expected i unprotected
plots a comparative increase of 16% In protected treatments A285 incorporated to
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Table 1 Bean yield of bean varwetal mixtures consisung of a local farmer mixture contairung
various proportions of an angular leaf spot resistant variety

Yield (kg/ha)
f A N
Percentage Season 1 Season 2 Season 3
A285 (BAT76) {A285) (A285)
in local p A, S A -~ A “
muxture Above Above Above
(%) Actual expected Actual expected Actual expected
0 609 1387 677
25 658 131 1858 384 861 147
50 7717 96 1840 280 886 135
75 — — 1874 2n 811 23
100 753 1733 826
LsD (0 05) 134 280 164

become 25% of the mixture yielded 17% above the expected whereas in a similar
unprotected treatment A285 yielded 41% above the expected yield a comparative increase
of 24% When 50% of A285 was added to the local mixture fungicide treatment resulted
in a2 2% A285 yield increase above the expected whereas in unprotected treatments A285
yielded 18% above the expected a comparative increase of 16% These creases were
attnibuted mutual protection from fungal pathogens in the new mixture by the muxture
component and A285

A combined analysts of mult locational trial results over sites and season shows yeld
differences (P = 0 0006) were observed between treatments (Table 2) There were also
yield differences over season (P =0 0001) and site (P =00001) but no treatment by
season or location by treatment nteraction for yield (Table 2) Over seasons and site
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Fig 1 Replacement diagrams of the yield of local mixture and A285 components plotted agatnst the
relative frequency of A285 1n mixtures in plots unprotected and protected with fungiade
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Table 2 General linear regression models of year site and replication with the dependent
varwable yield in multt locational trials using 0-100% A285 to local muxtures in replacement
sertes trials

Source df Mean square F value Pr>F
Model 47 441145 5672 774 0 0001
Error 49 57021 5284
Year 1 8477885 8594 148 68 0 0001
Site 5 1813153 1202 31 80 0 0001
Replication 13 64629 2343 113 0 3256
Treatment 4 332147 5502 58 0 0006
Year X treatment 4 153959 8199 095 0 4453
Site X treatment 20 40279 0286 omn 0 8003

Rsquare=0881245 CV =169

Table 3 Effectiveness of A285 supplemented farmer bean mixtures in mult: locational mult:
seasonal trials on angular leaf spot severity at grainfill and yield

Percentage Angular Observed Yield over
A285 n leaf spot yeld the expected
local muxtures (% sa1) (kg ha ') (kg ha ')
0 187 1202 3
25 121 13117 293
50 92 1458 4 959
75 72 1452 0 94
100 42 15227
LsD (0 05) 23 160 4

muxtures supplemented with 50-75% of A285 yielded 123-327 kg ha™! more (P =0 05)
and all mixtures supplemented with A285 were less severely attacked (P = 0 05) by angular
leaf spot than local mixtures (Table 3)

Discussion

We have shown for the first time that adding high yielding angular leaf spot resistant
vaneties to local farmer bean muxtures can result in dry bean yields comparable to that
obtained from the high yielding resistant variety cultivated alone However substantial
differences were observed between results obtained on station and in mult: locational tnais
On station yields comparable to the resistant variety cultivated alone were obtained 1n two
out of three seasons by displacing a quarter of the local mixture by the high yielding resistant
vanety whereas sinilar responses required displacement of half the local mixture in mult
locational tnals It 15 evident a strategy of adding high yielding angular leaf spot resistant
vanteties to local bean mixtures in regions with high angular leaf spot pressure can result in
measurable bean yield increases but may require farmers to incorporate these varieties at
a level of 25-50% and more of their mixtures depending on location

Yield increases of new mixtures containing the resistant vanety and local mixtures were
partly due to the higher yield of A285 The resistant vaniety A285 yrelded 26-28% higher
under disease pressure than the local mixtures in all tnals (Table 4) Also the yield

potential” of A285 under station conditions was clearly higher than that of the local mixture
as shown by 1ts 64% higher comparative yield over the local mixture under fungicide
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Table 4 Summarised results of the percentage bean yield increase over local beah mixtures
by replacing proportions of local muixtures with the angular leaf spot resistant variety A285

Percentage Yield expressed as percentage above yield of the focal mixture
A285 P A \
in local On station tnals Mult: locational trials
mixtures —Ae - — —A \
(%) Observed  Expected' Difference’? Observed  Expected'  Difference?
25 306 59 247 21 67 24
50 318 118 200 213 133 80
75 278 176 102 208 200 08
100 286 266

Attnbuted to higher yield of A285
Attnbuted to reduced angular ieaf spot seventy

protection This of course may not mean much as local mixtures are selected by farmers
for very site spectfic on farm conditions 1t which A285 still needs to be tested (Trutmann
Voss & Fairhead 1993)

Non-competitive biological factors in A285 supplemented mixtures rather than com
petition as defined as physical interactions by Cilements Weaver & Hanson (1929) appeared
responsible for yield increases above the expected We base this view on the observation
that no yields above the expected were recorded when treatments were protected with
fungicides whereas without protection substantial yields above the expected were observed
in both the local mixture and A285 components and the new muixture as a whole Hall
(1974) also described non-competitive effects of mtrogen fixation on the yield of Townsville
stylo (Stylosanthes hunulis) on Rhodes grass (Clhoris gayana) to be an important factor i
plant mterference In our studies yield above the expected appeared to be a direct measure
of the effect of disease control through mutual protection by A285 and the local mixture
components of diseases to which one component was genetically susceptible minus any
competitive effects which were not measured On this basis we believe most of the on
station yield increases when a resistant vanety displaced 25-50% of the local mixture were
due to a reduction i disease seventy whereas in mult: locational trials most of the yield
increases over the local mixture came from the genetic potential of A285 (Table 4)

Pyndp & Trutmann (1992) suggested the replacement of 25% of a local mixture might
be an effective treatment against one local disease but multiple introductions of similar
proportions 1nto local mixtures to control diseases 1s likely to lead to a senous erosion of
local germplasm Yield data from the same on station trials presented  this paper (Table
1) show that yield increases can also be obtamned by replacing a quarter of the local mixture
with resistant vaneties Results from the mult locational trials also support the previous
findings that icorporating 25% of A285 nto local mixtures can significantly reduce the
severity of angular leaf spot (Table 3) However it i1s clear that in multi locational trials
other yield hmiting factors masked benefits from angular leaf spot control as haif the
farmers mixtures needed to be replaced with A285 to observe yield increases There the
yield mcreases came mainly from the intrinsic higher yield potential of A285 rather than
from yield above the expected (Tables 3 and 4) These other imiting factors require
concurrent control to enable the benefits of angular leaf spot control to be expressed n
yield

Given that up to half of local mixtures had to be replaced to obtain measurable yield
Increases from high yielding resistant vaneties the use of a germplasm replacement strategy
should be of concern to agnicultural scientists to improve long term productivity of still
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hittle understood agricultural systems which include highly diverse vanetal mixtures The
incorporation of new resistant germplasm can result not only 1n higher yteld but also n
serious erosion of the diversity of locally adapted bean germplasm whose benefits we are
only beginning to understand Nevertheless a partial replacement strategy has the ment of
leaving a proportion of local germplasm intact and as such 1s agroecologically more desirable
than the total displacement strategy with HY Vs used to date

Farmers indicate a strong preference for their vanietal mixtures because of their yield
stability and yield It may be that for these reasons most farmers would substitute only a
small proportion of their mixtures with a new high yielding resistant vanety If this were
the case there would be httle concern for genetic erosion but how would mmpact be
measured? In fact 1t appears farmers do not necessarnily adhere to their mixtures Histonically
farmers have changed their mixed systems for univanetal systems Beans became widely
grown 1n umculture 1n Kenya and Uganda during the European occupation and in Tanzama
through the policies of the government In Rwanda farmers have recently adopted umv
anetal stands of the high yrelding chmbing bean G2333 which has been strongly promoted
by CIAT and the NARS (Anon 1991) Voss (1992) who strongly argues agamnst the
displacement of vanietal mixtures suggests that policies could be implemented to discourage
people from developing umivarietal preferences Given that genetic diversity especially
maintenance of the genetic base and prevention of genetic vulnerability are acknowledged
as important to sustainable agricultural production (Anon 1989 Wilkes 1992) it will be
cnitical to better understand the impact of the germplasm replacement strategtes on genetic
diversity 1n crops and on farmer disease management options especially in regions where
there 1s much social or political pressure to mncrease crop productivity
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Abstract

Keywords

Seed treatments increase yield of farmer varietal
field bean mixtures in the central African

highlands through multiple disease and beanfly
control

Peter Trutmann 3 K B Paul' and Dawvid Cishabayo?

Cenitro internacional de Agricultura Tropical (CIAT) AA 6713 Cali Colombia "USAID Farming
Systems Improvement Project (FSIP) Rwerere Rwanda and !institut des Sciences
Agronomques du Rwanda (ISAR) BP 138 Buiare Rwanda

Seed treatments with fungsc des to control seed borne and root diseases of Phaseofus ulga 15 and their use
with an insectictde treatment to control beanfly (Ophionn a spencerella) were evaluated in diverse regions of
Rwanda Benomyl reduced the se erity of diseases caused by Colletor whum indemuthianum Phaeotsariopsis
g iseola and Phoma exigua var di ersispora Multiregional multiseasonal on farm tnals using benomyi

thiram and the insectictde endosulfan reduced the seventy of seed borne diseases and beanfly and increased
yields of di erse vanetal bean mixtures by 25 / in regions above 1400 m inele ation Combsned treaiments
increased bean yrelds 17 / and 35/ respectively 1n the September and March seasons Seed treatments with
endosulfan alone increased yields by 17 / 1n muluseasonai multiregional trials through yeld increases in the
March season but not m the September season owing to low beanfly pressure Yield increases from
endosulfan apphcations alone occurred n regions below anele aton of 1700 m A presowing seed treatment
of benomyl thiram and endosullan was effective o er the broadest range of conditions Seed treatments can
reduce farmers risk of damage from muluple diseases and beanfly thus substantially increasing on farm
bean productivity they are effect: e without promoting genelic erosion of the diverse bean vanietal mixtures
used by local farmers in the Great Lakes region of Africa as can occur with genetic replacement strategies

Seed treatments Phaseolus vuigars subsistence farming IPM mulbiple disease control beanfly control

Introduction

Chronic food defiaits and high population growth rates in
Afnca have caused serous concern in the international
community and have resulted in allocation of substantial
aid to the continent Many international agnculture
research centres {IARCs) funded by the Consultative
Group for International Agncultural Research (CGIAR)
now have projects with Afncan mstitutions in an effort to
develop technologies that will augment production of
staple foods

Phaseolus vulgaris L 1s the pnmary source of protein and
an important source of carbohydrates in the lighly popu
lated tughlands of the Greal Lakes region encompassing
Burundi Rwanda the Kivu region of Zaire and south west
Uganda It 15 an important protein source tn many other
African countrnies (CIAT 1981) In the Great Lakes region
and other Afncan countnes beans are predomnantly
grown as vartetal mixtures on small farms (Allen et al
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1989} which n the study region average 0 Sha Mean
on farm yields per season in Rwanda are estimated as
~850kgha ' (Anonymous 1984)

Together with low soil feruhity diseases are a major
constrant to bean production Control of diseases
diagnostic tnals caused yield increases of 300-500kgha !
{Perreaux 1986 Trutmann and Graf 1987) Simularly
control of insect pests predomunantly Opluomyia spen
cerella Greathead (Diptera  Agromyzidae) known as
beanfly increased yieids by ~ 150kgha ' (Trutmann and
Graf 1987) The predominant diseases are angular leaf
spot caused by Phaeorsariopsis griseola (Sacc) Ferrans
anthracnose caused by Colletotrichum hndemuthianum
(Sacc et Magn ) Brios: and Cav Phoma bhight caused by
Phoma exigua (Bub ) Boerema var diversispora and root
rots associated principally with Fusarmm oxysporum Sch
lecht f sp phaseolt Kendnick and Snyder All of these are
either seed borne or soil borne Crop vulnerability to these
biological constraints contnibutes to chronically low yields

Many conventional technologies to increase bean yields
through disease and insect pest control are constramned by
economics cultivation practices and social factors Even
the germplasm strategy successfully employed by TARCs
on other continents 1s imited in many regions of Africa



owing to farmers use of and preference for complex
vanetal mixtures that vary between field farmer and
region Under these constraints the strategy of chemical
seed treatments was considered as a supplement to other
technologies Such treatments are cheap easy to apply and
use minimal amounts of chemicals which are targeted to
seed before sowing Seed treatments are also effective
against multiple pathogens and pests and unlike resistant
germplasm can be effective on the broad range of mixtures
used by farmers without dilution of its effect and do not
erode the genetic diversity of farmers bean mxtures
through displacement of the mixture components

Chemuical seed trentments are widely used in the north
ern hermisphere and in Brazil for numerous cereal as well as
legume crops such as beans and soybeans (Lama Hair
ston and Boyd 1982 Willis 1983) Seed treatments have
been reported to be effective aganst root rots of beans
caused by Fusarmum spp (Papavizas and Lewss 1975
Gomez and Maya 1978 Willis 1983) Pythuan spp
(Papavizas et al 1977 Locke et al 1983 Abawi Crosier
and Cobb 1985) and Rhuzoctoma sofant Kuhn {Papavizas
and Lewis 1975 Segura and Diaz 1975 Abawt er af
1985) They are often effecuve agamnst seed borne patho
gens (INTA 1980 Papawvizas and Lewts 1975 Bolkan de
Sivia and Cupertino 1976 Ellis Galvez and Sinclair
1977} Treatment of infected bean seed has been found to
be beneficial in decreasing fecion (Elhs Galvez and
Sinclair 1976) ncreasing germination and survival (Lima
1980) emergence (Tanaka and Correa 1982) and
occasionally yield (Swrry Higazy and Farahat 1974
Papavizasetal 1977} Yield increases with seed treatments
have also been reported for other crops (Pedersen Perkins
and White 1986 Wnght and Hughes 1987)

The objectives of this study were to evaluate the
effectiveness of a number of fungicides to control root rots
and the pnncipal seed borne pathogens of P 1ulgars m
Rwanda The combined effect of fungicides with endo
sulfan as a treatment to control diseases and beanfly was
then evaluated in multiseasonal multilocational on farm
tnals The use of endosulfan developed by Irving in
Zambia (CTAT 1986) and Autnique 10 Burundi (Autnique
1987 Autnque and Lays 1987) was also further evaluated
and compared with the combined treatment

Materials and methods
Isolation and (dentification

Thoroughly washed necrotic roots of beans collected from
the Zatre-Nile Divide and the Central Plateau of Rwanda
were surface stenhzed using 70 / ethanol for 1 min and
ninsed 1n stenle water Interface regions of infection were
transplanted to potato dextrose agar (PDA) and cultured
at 25 C Thoroughly washed root preces were also placed in
Petr1 dishes contaiming stenlized disulled water After 1 2
and 4 days roots were evaluated for phycomycetes Fungi
1solated were sent for confirmation to the International
Mycological Institute Kew England Foliar pathogens
were identified according to Schwartz and Galvez (1980)
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and the local beanfly species was 1dentified using CIAT
{1986)

Seed treatment trials

Chenucals and concentrations  1n the first season seed was
dipped 1n a slurry of benomyt [15 g wettable powder (w p)
1n 50 ml water per kilogram of seed] or tn a metalaxyl slurry
of 75g wp in 50ml water similarly seed was dipped 1n
1 5g 80/ thiram or1n 2 5g of a mixture of captan 10 /

thiram 26 / and diazinon 21/ orin 3 g endosulfan per
ktlogram of seed Untreated seed was used as a control In
the second season the rates used per kilogram of seed were
20g benomyl 20g carbendazim 0 5g metalaxyl 15g
thiram and | 5 g endosulfan In on farm tnals concentra

tions of 1 g each of benomyl and thiram were used per
kitogram of seed in the Bubaruka Highlands in 1986
Endosulfan was used at 1g kg ' seed Following results
from station tnals the dose of benomyl was reduced to L g
kg ! seed in the 1987 and 1988 tnals in the Zare-Nile
Divide Central Plateau and the shores of Lake Kivu

Seed treaiment procedure  Each chemical was weighed
added alone or in combmation with other chemicals to
preweighed seed 1n a plastic bag moistened with a few
drops of water shaken and left for 30 min before sowing

On stanion trial procedure  In September 1986 at Gasenyt
station of the Projet Agncole de Kibuye situated at an
elevation of 2000 m on the Zaire-Nile Divide benomyl
metalaxyl thiram a mixture of thiram captan and dia
zinon and endosulfan were evaluated for control of root
rots and seed borne diseases On plots of area 8 m? with
1 m borders seed of a local bean muxture was sown 1n an
equdistant pattern as used by farmers at the rate of 60 seed
m 2 Treatments were replicated five imes using a ran
domuzed block design

In Apnl 1987 products were combined to determine
whether such combinations could control root diseases and
to evaluate the effect of mcluding endosulfan in them At
Gaseny: station plots of 10m? separated by Im were
prepared Seed was treated with (1) thiram and benomyl
{2) thiram benomy! carbendazim and metalaxyl (3 and 4)
treatments (1) and (2) with endosulfan and (5) benomyl
and endosulfan Seed was sown at an equivalent density of
50 seed m 2 Untreated seed was used as a control
Treatments were replicated five times using a randomized
block design

On farm trial procedure  Muitilocational muttiseasonal
innls were conducted in the Bubaruka highlands at 1800~
2000 m the Zaire-Nile Divide at 1900-2000m the Central
Plateau at 1600-1700m and the shore of Lake Kivu at
1450m using a combination of thiram benomyl and
endosulfan Endosulfan alone was tested at the above sites
and at Bugasera at 1300m Plots of area 10m? separated
by 0 5m were used for seed treatments Seed was sown by
farmers at local densiies which vaned between 35 and 50
seed m 2 depending on farm field and season Untreated
seed was used as a control Three tnals each with two
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replicaltons per treatment were conducted for two seasons
in each region 1n northern Rwanda tnals were sown on
eight farms one replication per farm

In three tnalsin the Bubaruka mghiinds in 1987 and the
Central Plateau and shores of Lake Kivu in 1988 the
combination of thiram benomyl and endosulfan was
compared with endosulfan alone and fungicide alone
Each tnal was replicated s1x times per region

Disease evaluation  Plants were evaluated for root rot and
beanfly at the fourth compound leaf stage (V4 CIAT
1987) ustng the mean rating of 10 plants per plot with a
severity scale of -9 (1 nosymptoms 3 mild symptoms 3
moderate symptoms 7 severe symptoms and ¢ 50/ or
more of plants dead) In later tnals pupae at V4 were
counted using 10 plants per plot Fohar diseases were
evaluated at gramfill (R§ CIAT 1987) according to
percentage foliar surface area affected

Harvesting and weighmg At harvest plant density and
yield per plot were recorded Owing to equipment short
ages yield in the first on station tnal was measured to the
nearest 100g In on farm mulujocational tnals yield was
measured to the nearest gram using portable balances
accurate to the nearest gram

Stansncal  analysis  Resulls were analysed using a
two way ANQOVA and means were separated using Dun
can s multiple range test

Results
Seed treatment tnals

On station trals  Results of the September 1986 tnal are
presented in Table ! Beanfly pressure was very low
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Benomyl and the combination of thiram captan and the
msecticide  diazinon  significantly reduced root rots
Tturam alone did not reduce root rot seventy implying
that captan rather than thiram was the effective fungicide
m the combination Tn metalayxl treatments phytotoxicity
was observed at early stages of the crop due to high product
concentration and although root rot severity was not
reduced sigmficantly roots appeared to be cleaner than
after other treatments Infected roots yelded high pro
portions of F oxysporiem and rarely phycomycetes Only
benomyl treatments stgmficantly reduced anthracnose
severity No treatment sigmficantly reduced Phoma blight
although numencal differences were observed between
treatments Plants in treatments with benomyl and meta
taxyl showed sigmificantly better vigour Sigmificant differ
ences m crude gram yield were observed between
treatments Combmations of fungicides 1in the March
season did not reduce root rot sevenity but root rot and
beanfly sevenity were significantly lower in treatmenis
contaiming endosulfan (Tahle 2) No treatment sigmfi
cantly increased plant density at harvest in companson to
the control Anthracnose seventy was sigmficantly reduced
n all fungicide combimations containing benomyl or
carbendazim

On farm trials  In a general anaiysis of seed treatment
with thiram benomyl and endosulfan in multilocational
muluseasonal trals in Rwanda there were significant
reductions in the severity of root rots beanfly angular leaf
spot anthacnose and Phoma bhght but not floury leaf
spol (FLS) caused by Mycovellosiella phaseoh (Drum
mond) Deighton (Table 3) Overall dry bean yield was also
increased by 25/ Reductions in disease and beanfly
seventy were observed in both growing seasons but were
greatest wn the March season (7able 4) No sigmificant
reductions were observed in the September season in root
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Be dikgh ) combined seed treatment between 14 and 63/ were

n

y \dike recorded tn the regtons tested (Table 5)

Treatm 1 S ptember M h Ann al A general analysis of results from endosulfan treated
seed shows a reduction 1a beanfly and a 17 / yield increase

Ut ﬂlrrd 6590 7040 fg;g {Table 6) Endosulfan produced no yeld increase in the
E do 6365 8515 September season but increased yield by 21/ in the
P ns 0004 0002 March season which correlated with higher beanfly
\ g fiem ¢ sevenity m Rwanda Yield increases from endosulfan alone

rot Angular leaf spot and beanfly sevenity were very low n
the September season beanfly and disease seventy were
more severe in the March season Correspondingly 17/

were observed only n regions below 1700 m

In comparative studies the use of endosulfan alone
when beanfly pressure was low and disease pressure
moderate produced numencally but statisticaily msignifi
cantly lower yields than controls (Tables | and 7) When
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beanfly pressure was high and disease pressure moderate
the use of fungicide alone did not mmcrease yield (Table 8)
Yield increases observed when the endosuifan was com
bined with benomyl and thiram always produced yields
supertor or equal to the use of either insecticide alone or
fungicides alone (Tubles 7-9)

Discussion

Fungicide seed dressings can reduce the severity of impor
tant seed borne diseases of beans in the highlands of
central Afnca where diseases limit production Yields can
also be augmented with a seed treatment for beanfly
(Autrique and Lays 1987) the majorinsect pest of beansin
Afmca When these strategies are combined seed treat
ments provide a powerful tool to increase bean production
in subsistence agncultural systems

The combined use of benomyl thiram and endosulfan
increased on farm bean yiclds over natural regions by
173-240kgha ' in September sowings and by 170-238 kg
ha 'in March sowings Using estimates of consumption
per head for Rwanda of 60kg year ' the use of a
combined seed treatment could provide beans for an
additional 5-8 persons ha ! year !

No fungicide seed treatment reduced damage of root
rotsassociated with £ oxysporum Results were contrary to
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indications 1n the literature which show benomyl as
effective in controlling Fusarium root rots (Gomez and
Maya 1978 Wilhs 1983) Plant mortality continued
throughout the growing season and resulted in little
difference in plant density at harvest between treatments
As root rots were reduced from severe to moderate levels in
the second season using endosulfan an interaction appears
to exist between beanfly attack and severe root rot

There was evidence of complementanty among the
chemicals 1n protecting the local bean mixtures against
various biological constraints The largest yield increases in
medium to high altitudes came from the fungicide compo
nent whereas at lower altitudes during severe beanfly
attack yield increases came mainly from the insecticide
component Thus combined treatments would provide a
lower nisk 1o farmer s investment in companson Lo using a
fungicide or tnsecticide alone

Product combinations could be further targeted to
improve their efficiency Spectfic formulations shouid
depend on country region and season and the capacity of
countries to vary formulations In Rwanda the benefit
from endosuifan appears to be hmited to the March
growing season or lale sowings when beanfly attack s
severe Fungicide treatment 1s unlikely to be effective 1n the
low lymg regions where diseases are not a major con
straint In each country diagnostic work and wide ranging

on farm testing is essential for efficient targeting of seed
treatments
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