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Charcoal rot in common bean with special reference to Kenya

{Keywords: Macrophomina phaseolina, charcodl rot, beans, Kenya)

W, SONGAT and B, J. HILLOCKS]

tUniversity of Reading, Department of Agriculture, Earisy Gale, Reading RGE 2AT, UK
{Natural Resources Institute, Chatham Maritime, Chatham, Kent ME4 478, UK

Abstract, Charcoal rat caused by Magrophoming phaseoing
{Deuteromycetes: Coelomycetes) 1s found throughout the tromes
ant subtrapics and has a wide host range Together with most of
e legume crops, the common bean [Phasenius vulgaris] is a good
hosi for the fungus which causes a raage of symploms, depenthing
o snvironmental conditions and age of the plant. in additien t0
charcoa! rot, which I8 & stem or stalk rot disgase, the pathagen aiso
causes damping-ofl and seedling blight in beans. Charsoal rot in
the mature plant is associated with sehescence which s accelgrated
by wster siress. The disease is most damagmng in areas of unreh-
able rainfall and high temperature. In Kenya. baans are psually
grown in mixed stands with maize, sorghum or miier Poputabion
prassure has jed to he cullvvation of beans on iand prone o drought
M. phaseciina 15 ong of the most important pathegens affectng
all the main crops of the farming systems s the semi-arid areas of
eastern Kenya &nd registance to charcoal rot 8 a priotity if beans
are to be increasingly grown in these areas The paper reviews e
lsrature on charcoal rot of beans and on other crops where sumilar
work has not bean reported specifically for beans,

1. Introduction

Charooal rot of beans {Phaseclus vuigaris) is caused by
Macrophoming phaseolina (Tassi) Goid. (Deuleremycetes!
Coglomycetest. The pathogen is widely distributed in the
fropics and sub-tropics and has & host range which includes
more than 300 plant species {Coltingham, 1881). The fungus
can cause sesdling disease in legumes and cther crop
species and is responsibie for staik rots in cereal crops as
well as root angd stem diseases in NUMErous crop species.,
These disgases are known variously as charcoal rot, black
rot and ashy stem, depending on the host For the sake of
congistency the disease will be referred to as charcoal rot
inthis review.

The fungus causes economic |08ses in areas with a hot
climate where ¢rops are gxpesed 1 periods of moisture
siress (e.g.. Dhingra and Chagas, 1981, R is guoled as the
single mosl important pathogen of cowpeas, scrghum and
mung bean in the Bay region of Somalia (Gray et al.,, 1890)
and ig the main disease affecting legumes in the semi-arid
areas of Nigeria QITA, 1884), Charcosal rot 18 important
on beans in the warmer areas of production in the USA
(Hagedorn, 1881, Latin Amaerica {Diaz-Franco, 1884, Indis
{Satischandra ef a/., 1979}, the Carribean (Echavez-Bedel and
Beaver, 1987} and Africa (Emechebe and McDonald, 1878,
CIAT, 1881).

In Kenya, increasing population pressure has led to the
culievation of tood crops in eastern parts of the gountry,

(9B7-0874/96 $1208

previously regarded as unsuitable for crop production
owing fo their unrefiable rainfall. The semi-arid areas of
Kenya, which include most ot Eastern Province (Figurs 1),
contribute 35% of the country’s total bean produston (GHu
and Ngalyukia, 1989}, With their continued cultivation in
incraasingiy drier environments, there s 4 need 0 produce
bean varieties with improved drought tolerance and resis-
tance to Maorophomina (Mulgai and Rono, 1980},

Having a2 worldwide distribution and wide host range,
thereis a large literature on M. phaseolina. The International
Centre for Research in the Semi-Arid Troples (JCRISAT) has
published a bibliography of literature up to 1987 {Singh et ai..
1890) and the biciogy and pathogeniaity of the fungus was
revigwed by Dhingra and Sinclair {1878). The purpase of this
paper was to review the ilterature concerning M. phassolina
on beans, in ralgtion 0 conciusions drawn from work on other
crops and 10 emphasize its importance in the semi-arid
regions of eastern Kenya.

2. Symptoms

M. phaseoiina causes seedling diseass in bean as wef
a3 the more cONspicuous ashy stem or charcoal rot symptom
in older piants. Although they are manifestafions of the same
syndrome, the nature of the aetiological link between seed-
ling disease and charcoal rof s not clear

The first visible symptom on the seediing is a small dark
brawn leslon on the cotyledon which spreads down onto the
hypocotyt (Figure 2} or, sometimes, the lesion may appear
first at the base of the nypocotyl. Early infection results in
pre-emergence damping-off or seedling mortality, soon afer
emergence (Figure 3). In established seedlings, lesions
spread down the hypocotyl, girdle it and cause the plani to
coliapse. if the lesion develops late or the plant has some
resistance, the hypocolyl is not completely girdled and the
plant may recover from the infection. Plants which survive
the first 23 weeks after sowing usually survive until Hiower-
ing when the first symptoms of the charcoai rot phase of
disease appear at the base of the stermm as grey, necrptic
areas, bearing nurmerous small black sclerotia. As senes-
cence progresses, the infection spreads up the stem and
sclerctia may eventually appear on the peds (Figure 4),
ieading 1o seed infection. Plants which deveiop charcoal rot
symptoms relatively garty in their growth exhibit signs of
accelerated senascance, sunh as foliar chlorosis and fewer
se&ds reach maturity.
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Fegqure 1. Sketch map of Kenya showmyg survey arss where 150lates of
M. phaseoling were colletted,

3. Morphology and cultural characteristics of the
causal organism

Macrophaming phaseplina (synonym. Macrophomina
phaseoll, Rhizoctonia bataticola, Scierctiurm bataticeial can
be readily isolated from infected host tissues on standarg
media. it has a high optimal temperature for mycelial growih
of 32-34 ., covering a Bom Petr dish or potato dextrose agar
{PDAI:n 48h

Young hyphae are calourless, becoming Hght brown with
age. Within a few days of growth on PDA, abundant suleratia
are produced which range from 100 1o 300 &m in diameter.
Thaese are smooth or rreqular in shape, black in colour
and rich in ods {Holliday and Punithasingam, 1970, Shingra
ang incisir. 1978). Scierotia constitute the principal propa-
guies for dissemination and are resistant 0 extremes of
wemperature and hummdity. Within the infected host, scierotia
appear in large numbers when the tisgues begin (o senesce.

s
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}
Figure 2. Iafecton oripnating from the cotyledons and spreadmng
the hypocotyi

Figure 3. Post emergenca seedling disease m beans growing 1a soif
mtcuinted with M. phaechina.

Biack. globose pycnidia are sometimes ssen on the host
and can be induced in culture (Watanabe, 1872). They are
100200 um in diameter and contain single-csiled fusiform
comdia {Dhingra and Sinclamr. 1978),

4. Variation in the causal organism

Macrophoming phaseoling 1s a plurivorous pathogern andg
isclates from one plant spacies are often found o wnfect a
range of other hosts {Hoiliday and Punithalingam, 1970). Les
atal. (1986) for instance, found thatisoiates from bean. cotton

Frgure 4 Charcoai 0of i mature heid-grown beans often extends (o the
pods restiting w sfechion of the sesed
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and groundnyl were afl pathogenic on cotton. Similarly.
Dicurte {1987 reported that isoiates from sorghum, ground-
nut, bean and cotton all cross-inoculated each of the other
hosts although there was a trend fowards greater virulence
on the host from which each strain was initally isolated.
However, there is some evidence that certain solates exhibit
a degree of host specificity. Isclales causing ashy stem of
cowpea in Bolgwans alse infecled beans. but not sorghum
{Burke ef al., 1888}, Care must be exercised in interpreting
ihis result as it is easier 10 induce sympioms on legumes,
following artificial ingoulation, than on the cereals which are
so dependent on predisposition. Further support for the
occurrence of host specificity is to be found in the work ot
Chohan and Kaur {1977} who found that three solates of
M. phaseociina which were highly aggressive on catlon. okra
and blackgram, did not cause symptoms gf Maze or grounc-
nut. Ahmed and Ahmed (1983} have atlempted o separate
isclates of the pathogen from jute into physiclogical races.
Pearson et al. {1987 were able to distinguish isolates of
the tungus from maize from those ispiated from soybean
on the basis of their growth charactenstics on a medium
supplemented with potassium chlorate.

Isolates of the fungus from different regions (Dinghta and
Sinclair, 1973a), hosts (Buadgi and Hegde, 1985}, the same
host, or, even different parts of the same oiant (Diungra
and S:nclawr, 1873b), exhibit wide varation mn cullural and
morphological characters such as growlh rate, sclerotial
proguction, sclerotial size and ability © produce pycnudia
{Watanabe, 1872, Chdambaram and Mathur, 1875}, Bowever,
these differences have not been linked to host specialization
o |0 aggressiveness.

8, Disease incidence and yield loss

Under warm, momst conditions, following a long dry
season and in the presence of high incoulum levels of
M. phaseoplina, seedling mortality i legume Crops ¢an be
high. Foringtance, i 1983 In southern Nigeria the fungus was
responsible for 70% cowpea seedling mortality {HTA, 18984}
However, seegling ioss is not normally as high and the
surviving planis, especially among the Jong season varieties,
have same capacity 1o compensate for early stand loss. Loss
estimalaes for Africa are not available but yield losses of
up to 65% have occurred in bean crops grown in the USA
{Zavmeyer and Thomas, 1957).

Although the disease has been known in Kenya for many
years (J.M. Waller, personal communication} it has become
maore prevalent in recent years with the cultivation of land in
prograssively dner areas. M. phaseofing was observed on
sorghum, causing extensive todging in the crop produced
on the short rains {Oct.—Jdan) near Makuent in Machakos
istrint (see figure 1) (Waite e &/, 1984). Mukunya e! al,,
{1883) reponried serious incidences of the disease at specific
locations in the semi-arid area of Kenya. Seedling mortality of
10~14% has been observed in beans grown in experimental
plots and farmers’ fields in Machakos District {W. Songa,
unpublished). The disease has since been observed all over
aastern Kenya on many craps inctuding baans (Stoetzeret al.,
1884). Table 1 shows a Hst of isclates oollectad in eastern
Kanya by Songa {1995} and the crop species from which they

ommon bean Zi5

Tatite 1. Crop host and location m eastern Kepya from which isoigles of

t4 phasobne were cotiected dunng 1582 [Bnnga, 18895

Orsgan 13 Renya

isgiate Hemmt eron f stahon Deniruct
s3 Flursendu velgurs Kungod) Machishan
WS4 # wdsaen Katunmian Machitkos
WK Searghan bacolor Katurdns Machakas
WEH Fovaedgern Mwing Kt
w510 Povnfgures Kibeko Makgues
WSl Povulgasi Kiboke Makuesni
WS AR Kamps-ya-Mawe Makuem
W54 Fovudears Kampya-Mawe Makaeni
w516 Femmvesnn glavenn tshiarz Emby
WEI? Poovdgari Musinga Muchakos
WEig N Bmodar Chzhanga Embu
WSR2 PATTE N Muanmun Muery
W51 8. Bt oien Manmant Mer
WSz S Aueo Manmanu Mern
WS4 P gl Marimann Meru
W53 P ghancum Siakago Embo
WS28 P orulearn Smkago Embu
WS34 P ovulearn Sukago Eribvu
WS35 P ovidgarn Kibwezi Makuewns

were isolated. Differences 10 seed weight of 35-80% come-
monty occur between inotulaled and non-inoculated plots in
triais condugted {0 straen bean germplasm for resistance
to 8. phaseoiina at Kiboko Experimenta! Station in sastern
Kenya (W. Songa, unpublished). A recent report records
charceal rot &s an imporiant cause of yield [0ss in beans
grown in the semi-arid areas of Kenya with |osses often
exceeding 300 kgha™ ' (Wortmann and Alten. 1994},

6. Epidemiology and disease development

The pathogen survives in the soil in crop residues in
the form of sclerpha and the initial intection derives eithar
from soil-borne incculurn or from the planting of infected
sasd (Bingh and Singh, 1982, The pathogen is known to
be seed-barne v a number of hosts including soybean
{Gangopadhyay et a/., 1970) and common beans {Abawi and
Pastor-Corrates, 1990a) and can be carried within the seed
coat (Dhingra ang Sinclalr, 19781 The fungus was delecied
i 30% of cowpes seed sampies callected from markeis
in northern Nigeria [Emechebe ang MoDonald, 1979

Dry conditions favour survival of sclergtia in the soll bist
mycetaal growth and infection reguire moist conditions and
are favoured by a lemperature above 27-C (Hagecdorn, 1991},
Provided there is sulficient soil moisture for fungal growth
and high inoculum levels, seediing losses increase with
increasing temperature up to 45 'GC. While seediing loss in
beansis dependent on high inoculum potential, adeguate soil
moisture and temperatures above 27 C, symptom expression
in the mature plant is not related directly to soil inoculum but
is depengent on the physiological predisposition of the host
(Songa, 1995). Predisposition is triggered by Howering and
subsequent onset of senescence, provided this ooccurs at
high temperature {above 32 ). Moisture stress at flowering
seoms 1o be an impertant predisposing criternion, at teast
in sorghum {(Edmunds, 1984). 1t is siill uncertain whether this
is due directly to the physioiogical eflects of moisture stress,



218 W. Songa and R

or, because drought congitions lead o early senescence. In
beans. plant mortalily increased from 9% under ideal soil
moisiure conditions to $4% after 18 days of water deficit
{Magalhaes of &/, 1882}

The exact nature of the asticipgical link between sesdling
infection and symptom expresson in the mature plant is not
fuily understood. The evidence from work with cowpea
(Bournte, 19892) is that infection of the root and crewn region
may occur at any time during the life of the plant The
pathogen appears to invade the base of the stem, then
remains dormant until the plant becomes predisposed 10
infection after the onset of flowering, Demooy and Burkeld
{1980 reporied thal lesions on cowpea hypocotyl could
remain dormant for up 1© 1 month before becoming activated
by drought ¢or senescance,

There iz lite reported work on the aetiology of
Macrophoming infection in beans, more has been published
on the subjsct with respect o other crops but some of the
rescfrts are sontradictary. The apparent contradictions exist
hacause of {he fzilyre to distinguish between infection and
symplom gxpression or to distinguish between sesdling
disease and mature plant disease. Charcoal rof severdy in
cotton (Ghattar and Erwin, 1868, Thakar 1884 and insorghum
(Edmunds, 1964, Qdvody and Dunkle, 1879 s inversely
correlated with soil mosture tevels. However, Bruion af a/,
{18671 showead that infection of cantaloup vines was favoured
by wet conditions which led later to high levels of disease.

The stage of development at which a plant is most Likely
to exhibit symptoms of Macrophomina nfection varies 1o
some extent with host species, Legume crops tend to e
more susceptibie at the seedling stage than are tha cereal
craps. Howsver, here again the distinction needs o be made
between the oplimum time for infection and the main pernnd of
symptom developmant which are often temporally separaled.
Norton (19581 considered that the pathogen can invade
sorghum roois at any stage, but no further development
aoours untii the plant becomes drought siressed, The aiter-
native view is that drought stress is a prerequisite for root
peneiration (Edmunds, 1984, Cdvody and Durikie, 1878 Some
have argued that root invasion only accurs at physiological
maturity, even if dry conditions prevad at an earlier stage of
crop development. However, Cloud and Rupe (1994) found
tat sorghum roots were invaded by the fungus well before
flowering, during a period of crop moisture stress. Young
ang Algorn {1884) were alsc able 1o isolate Macrophomina
fram  temonth-old plante of Fuphorbia lathyrys although
symptoms did nol become evident until 7 months later. in
soyhean, plant maturity was found {o be the only factor
affecting sclerstial production which was indepandent of
moishure siress and temperature. The mamn factor required
for severe disease was senescence which was enbanced by
moisture siress. Flower removal has been shown to delay or
prevent the appearance of charcoal rot symptoms {Wyllie and
Calvert, 1968}

7. Association with other microorganisms

Macrophoming has a poor competitive saprophytic
ability and is very responsive to changes in sod fungistasis
Reducthon of bacterial populations has been correlated with

increased sclerctial germination, while increased microbial
activity can decrease sclerotial viability (Fitho and Dhingra,
1980). Rhizobium strains indigenous to Pakistan wers
reported o intibit growth of M, phasedfing in culture (Zaki
ard (Ghatflar, 1887). Aspergiffus flavus, a common soi-
inhabiting fungus, has been reporied o decrease infection
by M. phaseoiina in peanut kernsls (Jackson, 1965},

Nemalodes may alse have some potentral 1o ingrease
susceplibility to Macrophoming, either through increased
root invasion or by enhancing the sffecls of waler stress.
Al-Hazmi (1885} has demonastrated increased root rot
of bean in the presence of root-knot nematede (Meloidogyne
incogrita). The lesion nematode Prafylenchus zease and
M. phaseciina act synergistically to reduce plant growth in
sorghum (Bee-Rodriguez and Ayala, 1977). Norton {1958)
raported similar resuits with P. hexincisus. Root-knot nema-
fodes cause serious yield 10sses of beans in some parts of
Kenya {Ngunde and Taylor, 1974} and iesion nematode is
morg or less ubiquitous in the countrv's maze-bassd crop-
ping sysiems and the common bean is 3 good aiternative host
for # rzeae {Jones and Hillocks, 1985L The rois of the
nermatode complex in eastern Kenya in predisposing beans
te charcoal rot requires further research,

8. Control
8.1. Cultural measures

Crop management systems that reducs inoculum levels
and conserve soil moisture are effective in reducing the
incidence of stalk rot. Stalk rot incidence in sorghurm was
decreased from 39% to 11% in minimai tillage compared with
conventional tillage (Doupnik et al., 1975), Sowing date can
also be manipyiated in some arsas to ensure that the crop
iz less hkely {0 mature during pericds of high temperature
and unreliable rainiall, Intercropping has baen raporied as
a method of reducing charcoal rot ingidence. Disease
incidence in cofton was decreased by intercropping with
Phasecius aconitifptia due 10 the il cover provided and
consequent lowering of soll temperawsre {Hajpurghif, 1983).
In Kenva however, beans are ususally grown 28 an iniererep
{Njurgunah et al.. 1981} with maize or sorghum, both of which
are good hosts for the pathogen. Sarghurn grown as & mixed
crop has been reported o sufter less damage rom charceal
rot than sote crop sorghum (Khune et g4, 12801 Crop rotation
may be useful in decreasing disease incidence f asusceptible
crop is grown after atess suscephible crop (e Frankie el &t
1988). A contrasting view was expressed by Short ef af,
{1980) who found that viable sclerotia persist over a 2-year
fallow period and their numbers increase rapidly when a
suscaptible host s grown, They conclude that rotation is
uniikely 10 be effective as a conirol measure,

§2. Chemical freatment

There ars few reporis of fungicides being used o control
charcoal rot on haans. However, there has baen some inter-
esl (n their use for this purposs on sovbean. In order of
efficacy, bencmyl, thinphanate methyl, thiram, thiabendazole,
triforing and capian decreased viability of sclerotia in soil and
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in soybean stem pieces {llyas et al.. 1976) Seedling infection
was controlied best by benomyl ared thiabendazole (Myas ef af,
1975}, The use of fungicide apphed to the seed mav be
effective in decreasing losses o M. phasedciing in crops
which are particuiarly vuinerabie at the seedhng stage In
the casse of ite for instance {Cheattopadhyay =f al.. 1987},
significar? conirg! of seedling diszase was oblamed with
carbendazim and pentachloronitrebenzene (PCNB). Abawi
and Pastor-Corrales {19800) state thal seed treaiment with
benomy! or carboxm is effective in controthing ¢harcoai rot
of beans during the seediing stage. in India. carbendazim
was not sitective as 3 seed treatment to conirel root rot on
beans but PONB and captan gave some control (Salischandra
et al., 1979). Soil fumigation with mathy! bromide decreased
the number of viable sclerotia snd controlied intection of
pine seedlings {(Watanabe ef al., 1870} Mowever, in the cass
of sorghum, where the disease is more prevalent after
flowering, PCNB did not controt the disease in the field
despite giving 7% inhibhion of tengal growth in vire
{Anshosur ef al.. 1883}

83 Biological contro!

The eflect of organic scil amendmenis or popula-
tion levels of M. phasecglina, depends on the carbon to
nitregen ratio of the residues. A decline in s6il population of
the pathogen followed the application of residues of various
crops or of glucose—sodium nitrate. MHowever. populations
later increased in saif ireated with wheat or corn straw bul not
in soil treated with glucese sodiurm nitrate ar with aitrogen-
enriched straw {Filho and Dhingra, 1880},

Treatment with Trichoderma harziamun decreased dis-
ease ingidents by 37% in beans grown in pots and decreased
charcoal rot of maize in the held by 28% (Eiad gf af,, 1886},
Root rot of mung bean and other crops caused by
Macrophoming was controlled after seed was dipped 1 a
suspenswon of Rbizebium strains {(Zak: and Ghaffar, 1887}
Bimiiar rgsults wers reported for soybean by Chakraborty
and Purkavasina (1584) whe conciuded that the efiect was
due to the fungitoxic action of rhizebilonme.

Soil solarization was found to decrease the population of
viable scigrclia of M. phaseoiing but many remained viabile
fue 1o the high lemperature toierange of the fungus (Mihai
and Algorn, 1984).

8.4. Host-plant resisfance

Resistance 1o Macrophoming has been identified in some
bean variaties such as "Negrito’ (Dhingra and Sinclair, 1678},
The bean improvemernt programme at CIAT {Centro Inter-
nacional de Agricuitura Tropicall has developsd methods
to screen for resistancs to charcoa! rol {Abawi and Pastor-
Corrales, 1886]. Using these methods a number of lines with
some resisiance to the disease have heen dentified {Pastor-
Corrales and Abawi, 1888} In s0me cases resisiance is linksed
to drought tolerance {CIAT, 1883). Bean Hnas resistant to
Macrophoming are available from the CIAT germplasm
collection and are histed by Abawi and Pastor-Corraies
{1990b). The tines ATG and A474 are particulariy susceptibie
and are used as susceptible standards 1n screening tests

Avila ef af. (1982} foung some correlaticn betwean resistance
and seed coat colour and recommended the use of black-
seeded types on heavily infestec soils.

9. Screening for resistance in Kenya

Recognizing the importance of Phaseolus bean in small-
holder cropping systems in Kenva and the nesd for low nost
dizease control measures. much emphasis has been piaced
on bresding for disease resistance within the Kenyan
National bean improvement programme, which is soordi-
nated from Thika Research Station, north-east of Nairobt,
Selsction for resistance to charcoal rot |5 conducted from
Katumani Dryland Research Station, near Machakos in the
semi-and zone of eastern Kenya. Evaiuabon of resistance is
based on greenhouse and field screening in which plants are
inoculated using colonized rice grams as the inoculum
source (Abawi and Pastor-Corrales. 1888) Moderate levels
of rgsistance have been identified in local and introduced
genotypes. At Kiboko Expermmental Station where high tem-
peratures and low ramfall creater exceltent conditions for
the deveiopment of charcoal rot, 4 large number of ines are
being evaiuated for resistance in adiacsot inoculated and
non-inaculated pcts.
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Abstract

Studies were conducted in eastern Kenva to determine the
common legume crop and weed hosts of Macrophomina
phaseolina {Tassi) Gotd.. the inciter of charcoal rot
disease. The ¢ffect of maize. sorghum. bean. and cowpea
on the soil inoculum level was also investigated after field
inoculation. All the legume crops and weeds tested were
found to be infected by the pathogen after artificial inecu-
lation. Common bean. sovbean. cowpea were the most
susceptible while pigeonpea. green gram. and hyacinth
bean were moderately susceptibie. Groundnut. chickpea.
Cassiu spp. and Croialaria spp. were least susceptible
after artificial inoculation. Monocropping of sorghum.
maize. cowpea and common bean for three consecutive
crop scasons increased M. Phaseoling soil moculum in
ascending order.

Zusammenfassung

Leguminosewirtspfianzen von Macrophomina phaseoling in Kenia und der
Einflub der angebauten Kulturpflanze auf das bodenbiirtige Inokulumlevel
In Ostkenia wurden Versuche durchgefiihri. um dic am
hiufigsten vorkommenden Leguminosen-und Unkraut-
wirtspflanzen von Macrophoming  phasealing  (Tassi)
Gold, Erreger der charcoal rot Krankheit. zu ermitteln.
Der Einflul von Mais. Hirse. Bohnen und Kuherbsen
auf das Inokulumlevel wurde auch in einem Feldversuch
nach kiinstlicher Inokulation untersucht. Alle untersuch-
ten Leguminosen und Unkrautspezies wurden durch das
Pathogen nach kiinstiicher Inokulation befallen. Die
Ackerbohne. die Sojabohne und die Kuherbse waren am
anfilligsten. die Taubenerbse, die Mungobohne und
Faselbohne wiesen dagegen eine mittlere Anfilligkeit auf.
Die schwichste Anfilligkeit wurde nach einer kiinst-
lichen Inokulation bei den Erdnussen. der Kichererbse,
Cassia spp. und Crotalaria spp. beobachtet. Eine dreima-
lige Monokultur mit Hirse, Mais. Kuherbse und der
Ackerbohne erhéhte das M. phaseoling-inokulum in
ansteigender Rangfolge.

Introduction

Macrophoming  phaseoling. the charcoal rot disease
pathogen. has a wide host range exceeding 300 plant
species including legume and cereal crop plants (Reichert
and Heliinger. 1947: Dhingra and Sinclair. 1977). In leg-
umes, nfection s evident from the seedling to mature
plant stage while in cereals infection 1s usually observed
after onset of anthesis. At the seedling stage infection
usually occurs during moist condinons and at tem-
peratures above 27 C (Hagedorn. 1991) while at the
mature plant stage physiological predisposition of the
host precedes infection. Predisposition may be triggered
by drought stress(Anonvmous, 1985 Schwartz, 1989),
flowering and subsequent onset of senescence. provided
this occurs at high temperature (above 32 C). In beans,
plant mortality was found to increase from 9% under
ideal soil moisture conditions o 64% after 18 days of
water deficit {(Magalhaes et al.. 1982). Dhsease evaluation
n legumes can be easily done at both seedling and mature
plant stages.

The plurivorous nature of M. phaseoling enables this
pathogen to survive on many alternative hosts in the
absence of crop hosts. Although this nature of the patho-
gen limits the effectiveness of some cultural management
methods such as crop rotation. the manipulation of crop-
ping systems to reduce the inoculum level in soils is still
promising (Singh et al., 1990; Francl et al.. 1988). Crop
species vary in their reaction to M. phaseolina depending
on their inherent resistance. The more susceptible crop
species succumb to the pathogen earlier and enable the
pathogen to multipty on them and increase the levels of
inoculum in the soil.

Phaseolus bean is one of the favoured legume crops
grown in the matze-based cropping systems of castern
Kenya. It i1s. however, highly susceptible to M. phaseolina.
The objectives of this study were to compare the reaction
of common bean and other alternative legume crops to
M. phaseoling. The effect of monocropping two legume
and two cereal crops for three seasons on sotl inoculum
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levels of Macrophominag phaseoling, and charcoal rot dis-
gase incidence in a subsequent bean crop was also nves-
tigated.

Materials and Metheds

Artificial inoculation

Legume crop and weed hoses of ML phaseoling

Nine legume crops and nine leguminous weeds common
in chareoal rot disease “hot spots” were used in the study.
The legume crops were: common bean ( Phaseofus vulgarts
L.} cowpea { Vigna unguicnlase (L.} Walp). green gram
(Figna radigra (L) Wilcz, Sovbean (Glyvcie muax (L)
Merr.}, chickpea (Cieer arierimem 1.3, hyacinth beun
{ Dolichos lab fab L.). garden pea (Piswm satfvwm L. sens
ampl.). pigeonpea (Cajanus cajan (L.} Millsp.) and
eround nut ( Arachis hypogeu L.}, The germination of the
weed seeds was not uniform and only three species which
had good germinmation were svenfually used in inocu-
lation tests. Two of the selected weeds were Croraloria
spp. and one was a Cassia spp. OF the two Croteduria spp.
one was early Howering and the other tate,

The study of legume crop and weed hosts of M. plase-
ofing was carried out 1n a greenhouse maintained at 18-
30 €. Five seeds of each legume crop and weed were
planted per pot in four replications. Inoculation was done
using rice grains colonized by M. phaseoling (Abawi and
Pastor-Corrales, 1986; Songa, 1995} isokate WS 17 from
common beun, A single plant was removed trom each
of the pots at 15, 30, and 60 days after emergence for
determination of the presence of the fungus nn the root,
lower stemn and upper stem. The procedure for solation
of the pathogen waus as follows: nine pieces were cut from
each of the plant parts and washed thoroughly in distilied
water. sterilized in 0.5% NaOCl for | min and then rinsed
1o distilled water, The plant tissue pieces were then dried
on blotting puper and piated on PDA. Three tissue pieces
from each plant part were plated per Petri dish in three
replications. Observations for growth of M. phuseoling
were made after incubation ut 33 C for 6 davs.

Field experiment
Effecr of crap species on the level of M. phaseolina and
disedase incidence in beans

The study of the effect of crop species on the level of
M. phaseciing inoculum level in the sotl was conducted
at Kiboko research station in eastern Kenva, A mixture
of bean, maize, cowpen and sorghum crop debris infested
with M. phuseoling. were chopped and incorporated uni-
formly in the soil of the study field at the beginning of
the experiment. This ensured some initial ineculum level
in the field which was located in an area which had been
left fallow for 2 vears. Monocreps of maize. sorghum,
cowped und common bean were planted in piots of tive
by five m for three consecutive crop seasans following
the recommended agronomic practices. After the first
planiing. the plots were subsequently prepared by hand 10
avoid moving soid from one plot to another. Occasionally,
irrigation was given but only when wiltng symptoms
were apparent. Al the end of sach scason. the crop debris
of each plot were chopped and hand ploughed mto the

plot, The control plots were left fallow. There were four
replications in a randomized block design.

In the fourth seasen all the plots were planted with
comman bean (¢v. GLP [004} to enable uniform evalu-
atrion of disease incidence in the plots. The disease level
in the plots was assessed at 14 days after emergence and
at harvest. Evaluations were cartied out to monitor both
the seedling and mature plant stages of the discase. The
parameters taken were: number of plants germinated.
number of seedlings infected. number of infected planis
at harvest. total number of plants at harvest and vield
per plot.

Iselarion of M. phaseolina from the plots ar four depths
The M. phasecling sclerotia level in the soil was deter-
mined at the beginning of the experiment and everv 3
months thereafter for a toial period of 18 months. The
isolation of M. phaseolfing sclerotia from the soid was
done by king soi samples from depths (-3, 510, 10~
13 and 15-20cm) i each plot At each sampling date soil
was taken from euch plet and depth ai four differem
points along the dingonals of the plat at rundom. The
soit from similar depths in each plor was then bulked 10
constitute # sample for the plot. Isolation of M. phase-
elinu trom the soif was done as described by Papavizas
and Klag (1975,

Results

Artificial inocuiation

Legime crop and weed hosis of M. phaseolina

The pathogen was 1solated from the roots of commoen
bean. cowped. pigeonpea. green gram. hyacinth bean,
sovhean and the early Sowering Cratalar spp. 15 days
after inoculation and in chickpea. groundnut. Cassia spp.
and the fate lowering Croraleria spp. after 30 days (Table
1.1%. Plants from which M. phaseoling was 1solated trom
the stem after 60 days were those whose roots were al-
ready colomzed at 15 days after inoculation. In chickpea.
groundnut. Cassig spp., and the late Sowerning Croralariu
spp. the pathogen did not spread bevond the reots. The
pathogen was found in the upper stem 1 common bearn.
sovbeun. hvacinth bean and pigeonpea. External disease
symptoms were observed only in common beun. cowpea.
sovbeun and greengram {Table 11

Field experiment

Ervchuarion of fevel of M, phaseoling br monecropped plors
by isolution from the soif

The level of sclerotia in the soil af the beginning of the
experiment was found to be on average 11.2 sclerotia per
¢ ot soil. Significant differences (P = 0.05) were found
berween plots with different crop ireatments in the level
of selerotia at each simpling (Fig. 13, There was a general
tendency tor the sclerotin level to inerease in the soil from
harvesting 1o the planting of the next crop. Cowpea und
commeoen bean plots had significantly (P = 0.03}) higher
average mumber of sclerotia per g of soil than sorghum
and fallow controt plots after three seasons of mono-
cropping (Table 2). The sclerotia levels in the maize und
sorghurm plots were not significantly (P = 0.05) different
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Table |
isalation of M, pliasceding fTom rools. iower stems. upper stents und symploms on stem of some legume crops and weeds alter anificial inoculation

with wolate WS 17 fram commeon bean

Legume Plant part

Roots Lower slem Lippe: stem Sympioms on «lem

Dravs after emergence
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Tabie 2
Sclerotiai feved in feid soil after monocropping cowpea. commen bean,
riaize and sorghum for three seasons

Crop Mean scleroisa level per gram soil
Mean SD

Common bean 3PP 148

Cowpen W3 +144

Magize T+ 16.6

Sarghum EC O R )

Fullow (contraly [S4182

LS 3408

“Meuns with the same letier not stgmbicantly (P = $.051 diforent,

but were significantly nigher than in the control plots.
There was no significant (P = (.03) difference in the num-
ber of sclerotia isofated from different depths in the
monocropped plois of the same crop species.

Eratuation of lerel of M. phaseoling in plats using common
b

The number of germinated bean plants in the different
previously monocropped plots wuas not sigmficantly
different (P = 0.053. The plots previously monocropped
aith common bean had significanty (P = 0.05) higher
bean seedling infection thun those monccropped with
maize, sorghum and failow (Table 3). There was no sig-
nificant difference (P = 0.05) in the number of infected
pean seedlings in plots previcusly monocropped with
vommen bean and cowpea but there was a significant
difference between these plots and the fallow control
plots. The number of infected plants at hurvest did not
significantly (P = 0.03) differ by monocropping. The
number of plants at harvest was sigrificantly (P = 0.05)
iower in plots previously monocropped with common
beun than with cowpea, maize, sorghum and faliow.
However. there wus no significant difference (P = 0.05}
in the number of plants at harvest m plets monocropped
with nmize, sorghum and cowpea. A sipmificant
(P = .05} negative correlation {r, = -0.9} was found
besween the number of infected bean seedlings and the
number of planis at harvest, Yield was significantly
different (P = 0.03) betwegn common bean and fallow

Tohie 3

and was positively corelated {r. = 0.9) with the number
of plants at harvest and negatively correlated (r, = -0.9)
with number of infected seedlings.

Discassion

Muacrophominag phaseoling was isolated from the roots of
cowped, common bean, hyacmth bean, pigeonpen. green
gram, und one weed of Crotalaria spp. |5 davs alter
inoculation. For chickpea and groundnut this was the
furthese the pathogen was able 1o penetrate the host. In
commen bean. sovbean. cowpes and hyacinth beun. the
pathogen was found in the lower stem 15 days alter
inoculatton. These results imply that chickpes and
groundnut were able 1o restrict further entry of the patho-
gen bevend the rooits. The pathogen was found in the
stem in hyacinth bean, pigeonpea and the eurly flowering
Cratataria spp. but no symptoms wers ohserved, whereas,
clear symptoms were manifested in sovbeun, common
bean. and cowpea. If disease svmptom expression is taken
as a measure of the pathagen’s successtul colonization of
the host. then sovheun, common bean and cowpea were
very susceptible. These crops woukd increase the inocu-
Tum of the pathogen in the soil and would be umsuitable
for use in crop rotution tor control of the pathogen.

Svinploms were not apparent on green gram unti] 60
days alter incculution. This implied a good level of resist-
ance in this crop. The absence of symptoms in chickpea
snd pigeonpea suggests more resntance o the pathogen
in these crops and would therefore, be suitable for crop
rotation in infested fields. These crops are drowght tol-
erant and would it well in furming svstems of areas where
charcoal rot disease {s prevalent. Pigeonpea was reparted
by Singh et al. (1990) to be susceptible 1o M. phusvoling
i Iadia, The resuls in thus study do not agree with
this observation but rererate the minor mmpermace of
charcoal rot in pmgeonpea in semi-arid castern Kenva
where most of the crop is cultivated 1Songa et al., 1991
Sorghum growa in the same ared i often severely infected
{Watte ot al.. 19841 bul ne disease occurrence of import-
ance hus been observed or reported on pigeonpen,

The observation that the pathogen could exist in hosts
without any symptoms agrees with Edmunds {1964 who
suggested that latent infection prebably occurs in the
crown of most sorghum plants. 1t would be worthwhile

Effect of crop specics on charcogd rot disease invidence on common beun after manocropping 101 threg stusons
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1o carry ouf more studies on common weed speciss 10
determine those woeds that may be susceptible and con-
tributing to increase levels of mogulum in the xoil.

Menocropping with common bean, cowpea, maize und
sorghum increased charcoal rot disease mcidence com-
pared with fallow plots. The increase was more m the
plots monocropped with common bean and cowped. The
number of infecied seedlings. the number of infected
plants at harvest und number of plants at harvest appear
to be good parameters for indicating the level ol inoculum
in the soil. The significant negative correlation between
the number of infected seedlings and the number of plants
at harvest suggests that most infected seedlings do not
survive 1o maturinn, Common bean and cowpea mature
earlier thun maize or sorghum. This probably permits
early formation of sclerotia on these crop residues. Wyllie
and Cabvert (19691 showed flowering and pod {ormation
10 be the condittoning fuctors for sclerotta formation.
This may explain the ohserved tendencey of sclerotial pro-
pagules 1o increase in the soil after harvesting, especially
the susceptibie legumes.

It was interesting 1o observe that the plots mon-
ocropped with legumes resulted in significantly (P = 0.05)
more disease incidence than those monocropped with
cereals. This was unexpected since maize and sorghum
have mare dry mater and provide more erganic substrate
for the pathogen's multiplication. [t could be that due to
their late maturity M. phaseoling is not able 1o colonmize
the maize and sorghum crop debris effectively due o the
very diy conditions usaally experienced at the end of the
season. In addition the higher organic matier content
from the crop debris in these plots may encourage other
competitive micro-organisms like bucteria and acti-
nomyceies which reduce colonization by M. phaseofing
when soil moisture conditions improve {Ghaflar et al.
196%: Dhingra et al.. 1976). Inoculum levels were in-
creased by commaon bean. cowpea. muize and sorghum
in that order. Francl ¢ al. (1988) also reported that
soybean-sorghum rotanons were slightly better than
soybean-corn rotations in lowering M. phoseofing it the soil.
These resulis suggest that crop rotation among hosts of
M. phaseoling may still be a good charcout rot man-
agement option. Work on longer effects of crop species
and population dynarmics of the associated micro-organ-
isms in the soil s required.
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Survival of Macrophomina phaseolina in bean seed and crop residue

{Keywords: Macrophormna phaseoling, charcoal rot, beans, seed infection, crop resdue)
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tNatural Rasources Institute, University of Greenwich, Chatham Maritime, Kent ME4 4TB, UK

Abatract. The surival of Macrophomina phaseoing in Dean sesd and
crop residue was investigaled. Studies on sead miaction and survival of
thie pathogen ware conducted in the labaratory. Sterlizaton of seed or
storage for 6 monihs decreased the number of infected seeds by up to
50%. Seeds from plants with no disease symptoms were 2,5% infecied
while sesds from severgly miected piants had up to 13.5% wfechon,
Survival of the pathogen In crop resitiue was investigated m field soil in
sastam Kenya. Up to 30% of sclerotia were found 10 be viable afier 21
months i field soil. Soll moisture and temperature did not infiuence
survival up o a depth of 20 om,

1. Introduction

The most serious disease of common bean {Phaseolus
vulgans L.} in semiarid easlem Kenya is charcoal rot {(Songa
and Hillocks, 1996a.b} caused by Macrophornina phasecina
{Tassi) Goid. Yieid loss to charcoal rot has been estimated to be
up to 300 kg/he (Worimann and Allen, 1894). The incidence of
charcoa! rot disease has increased in recent years because of
increasing cultivation of marginal land due 10 population
pressure {Songa and Hillocks, 1996b). Seedling moraiity of
10~ 14% I8 common in experimental plols and tarmers’ fields
(Songa and Rono, 1995). M. phaseofing is & soil-inhabiting
tungus that grows poorly in soil and survives as sclerotia which
provide the initial inocuium {Smith, 1969; Watlanabe et al.. 1874},
This pathogen is alsc seedbome (Andrus, 1938; Gangopadhyay
et al, 1570; Abawi and Pastor-Corrates. 1990). Since the level of
sead infection depends on severity of plant infection, selection of
seed from sympiomidess plants is expected o reduce the initial
infaction. Infected seeds are distorted, blemished and carry
sclerotia and pycnidia of the pathogen. Five percent reduction in
saed weight ard as much as 60% reduction in emergence trom
diseased seed has been reported in susceptibie varigties
{Gangopadhyay of al, 1970). Andrus (1938) found natural seed
fransmissior: of M. phaseolina in Henderson Lima bean seed to
be approximately 85% in unsterilized seed and 57% in surface-
sterilized seed, indicating that the fungus is found not ondy on the
sutface but also beneath the seed coal. Gangopadhyay f &t
(1970} showed that 13-24% of soybean sesd from infected
plants harbour the fungus. Artificial infection of bean seed has
been demonsirated and & higher percemtage of seedling
moriafity obtained from such pre-infected seed than healthy
seed planted in heavily infested scii {Andrus, 1938} The
importance of cotyledons in prmary infections by M. phasecling

was emphasized by Kendrick {18333 and Tompkins and Gardner
{1935). With the pathogen estabhshed i the cotyledon, it is not
imporiant whether the infection of the sesd comes after it is
planted or before harvest, since it is likely that the infection of
seed in the pod may occur through contagt with infested sofl.
Severe infection early in the season results in more seed
infection tue to high inoculum levels on the plani and soll
Conditions favouring early infecton, such as wam lemperatures
or iow soif moisture, will encourage systemic sesd infection,
whareas moist conditions towards e end of the growing season
would be expected to encourage pod infection. This natural seed
infection may account for ssrous outbreaks of the disease
occasionally observed in farmers’ fields. The majonty of smai-
scale farmers who produce common bean use their own sead
from the previous crop for cultivation in the next season {Rono
and Shakoor, 1880). The use of clearn disease-free seed would
reduce the initital inpculurm and lower the severity of the disease.
it would, therefore, be worthwhile 1o determine the sxtent of
infection of seed from plants with varying disease seventy, the
effect of storage on the viability of sclerote and other sources of
NOCUIUMm Carry over,

Sclerotia are released in the soif by decaying stems and
roois of infested piants. They are resistant to extrernes of
femperature and humidity (Dhingra and Sinclair, 1975). Soit
temperature and moisture are important factors determining
the saprophytic activity of M. phraseoling in soll {Dhingra and
Chagas, 1881). High temperature enhances the saprophytic
activity of M phaseofina through reduced competition from
other sofl micro-organisms and growth in nalurgl soils s
reduced with ingreasing moisture (Notton, 1953), The
reduction in activity at increased moisture levels has been
atirtbuted to increased bacterial activity which causes lysis of
mycelium  and  ihibition  of  sclerolia germination
{Bhattacharya and Samaddar, 1976). High soff moisture also
reduces the survival of M phaseolina sclerotia in soil
(Dhingra and Sinciair, 1975). Cook &t al {1873) reporied
that M. phaseclinag survived as sclerotia in com  and
sorghum stalk residue for 18 and 16 months, respeciively
in Nebraska. In soybean-nfested rool and stem segments
the population of sclerotia was found to be as high os higher
after 2 years in Misscuri (Short ef af, 1980) Survival of &
phaseoiina sclerotia associated with bean residue has not
been determined.

$Present address: Kenya Agricutiural Research hstitide (KARI). National Dryland Farming Research Centre, Katumani, PO Box, 340, Machakos,

Ketiya.

4967-0874/88 $12.00 « 1998 Taylor & Francis Lid
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In order, therefore, to develop effective control measures for
charcoat ol dissese based on culiural control practicss, # i
assential to delerrune the role of seed and crop debris in the
survival of the pathogen. In fulfiiment of s requirement, this
study had the following objeclives:

1. To determine the extent of common bean seed
infection in relation o seventy of plant infection.

2. To determine the extent of intemal infection and
surface infastation of seed.

3. To determine the effect of storage on viability of
scisrotia.

4. To determine the survival of M. phaseolina sclerotia in
bean residus at various depths.

2. Materiais and methods
21 Seed as source of inocuium

Common bean genotype GLP 1084 was planted in &
charcoal rot ‘hot spot at Kiboke n eastemn Kenya. The triad
was maimaned following recommended production practices
including fertilizer application, msect control and weeding, At
narvest, the planis were harvested i three categories depend-
ing on the iavei of infection. The categones were:

(1) plants with no ashy stem gymptoms,

(2) plants with ashy stem symptoms but pods without
symtoms, and

{3) plants with ashy stem symptoms and pods bearing M.
phaseolina sclerctia,

Seeds frum each category of plants were lested for the
presence of the pathogen without surface stediization and after
surface sterilization as described below. To test the effect of
storzge on the pathogen, gnough seed was reserved and kept in
Kilner jars at room temperature and the experment was
repeated 8 months later.

2.2 Non-surface sterifized seed

Fifty unstenfized seads from sach category were placed on
st fller paper piaced on plaste ravs previcusly cleansd and
wiged with aleonel and covered. Thers were four replications in
& compietely randondzed design, The Fays were incubated at
338 with a2 12hdi.:12h D light regene. The fmys wers
maintained moist by adding distlfled waler when they became
dry. Obsarvation for the presence of M. phaseofina was done
using a binocular microscope from 3 to 7 days after incubation at
33 C. The number of seeds that produced colonies of M.
phaseoling on the zeed coat, characterized by numerous black
sclerctia, were noted. Seeds with other fungal growth were
wansferred to PDA for identification. The sxperment was
repeated once.

2.3 Surface sterifized seed

The procedure here was as described above for unsierifized
sead and the only difference was that the seed was surface
stertized by immersing i 1% NaOCI (10°% dilution of commer-

aially availabie solution diluted with distilled waten for 5-8 min
and thoroughly ringed in distilled water (Mihait and Alcom,
19823, One percent NaQC! kilis M. phasaciing mycelia that may
ba on the geeds and reduces signdicantly the viability of
sclerotia (Papavizas and Klag, 1975).

2.4, Survival in bear crop debnis in fipld soi at ditferent
depihs

An expariment {o determine the langevity of M. phaseciinan
bean debrs was conducted at Kiboko research station in
eastern Kenya where charcoal rot disease s prevalent. The
soil is a well drained sandy clay loam overlaying a sandy clay
{table 1). About 500 g of bean debris {root and slem segmenis
measurng -8 om), heawly infasted with sclerciz of M
phaseolina were placed in nylon net bags and bured in the
soil at four depths (0-5, 5~10, 10~ 15, 18- 20 om). Thers were
aight samples burked for each depth in three replicalions, A
iabelled wire peg was insarted al each point where a sample
was buried to facilitate retrieval. The experimental design was a
randomized complete block. The field plot was kept fallow and
was mantained to keep the labelled wire pags visible, Soif
moistwe  and  temperature  measizements were faken as
descrited bDelow. The experiment commeanced in Apnl 1893
and ended in December 1884, covenng a otal penod of 21
rmoning,

2.8, Determination of sclerclial viability

The sclerctia viabilty at the beginrung of the experiment
was determined by pialing 100 sclerchia from infected crop
debtis on selective medium POA-DOPCNP (basal medium
contamning  p-{dimethviaming) benzenedaze sodium  suipho-
nate [DASS, Dexon], oxgall, and penfachloronitrobenzene
{PONB] at 50, 2,000 and 100 mo/ raspectively) (Papavizas
ang Klag, 1875}, The debris retrieved from the soll was air
dred and ground using a coffes grinder. The debrs was
trangtarred 1o 177 um and 44 o meves o tandem and wet
sigved using distlled waler. The contents of the 44 am sgve
were transferred to a besker cont@ining 0.5% NaCOl for 5
8 min and the contents of the 177 am sieve were discarded.
The contents of the beaker were transferred back to the
44 am sieve and rinsed thorcughly with distlled water, The
contets of He sieve comaining sclerota were  carefully
tansferred 1o a filter funnel Hited with filter paper usng a
wash boitle with distilled water, The sclerotia on the filter
papser were picked out using) a steniized pin under &
binocular micsoscape and plated on the selective maedlum,
Observahons for M phasedding oolonves were made alter 8
daye’ mmcubation at 32 € Perconiage germinaiion was Iakan

Tabie 1. Percentage of sand. il and clay particles in diffgrent laysrs of
the soif profie at Kiboko, Kenya (Kenya Sail Survey. unpublished data)

Diepth (cm) Sand Sl {lay
019 74 5 &1
19-35 ] 3 25
as-72 54 5 41
T2~1G ha 7 32
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SUMMARY

Common bean [Phaseolus vulgaris L) germplasm was screened for resisiance to charcoal rot
{ Macrophaming phasesting) under field conditions at Kiboke and Katumani, eastern Kenya. Of
the 313 bean accessions evaluated, 50 lines were resistant and six were tolerant o A, phaseoling,
the charcaad rot incidence was fess than 23% and between 25% and 50% for the resistant and
tolerant lines respectively. Yields ranged from 135 to 1051 kg ha™' compared with 35 kg for the
susceptible control A464. Time to maturity did not seem to influence or affect the susceptibility
or resistance to M. phasesfing of the various bean accessions,

INTRODUCTION

Charcoal rot of common bean (Phaseolus vulgarisy is caused by Macrophomina
phaseolina (Tassi) Goid. The pathogen is widely distributed in the tropics and has
a wide host range {Cottingham, 1981}. The fungus can cause disease in seedlings
and mature legume plants and it is responsible for stalk and root rots in cereal
crops. In hot areas prone to moisture stress the fungus causes economic losses
(Dhingra and Chagas, 1981). Increasing population pressure has led to the
cultivation of food crops in the eastern parts of Kenya previously regarded as
unsuitable for crop praduction due to the unreliable rainfall {Gitu and Ngalyukia,
1989; Songa and Ronno, 1995; Songa and Hillocks, 1996). These areas experience
severe charcoal rot incidence and sustainable management of M. phaseoling is vital
if bean production i to increase in the region.

An integrated approach to the management of diseases and other pests is

tPresent addresst Kenya Agriculwral Research Instituse, National Dryland Farming Research Centre,
Katumani, PO Box 340, Machakos, Kenya.
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preferred because it relies on several methods for control. Host plant resistance,
where available, usually assumes a central position in the integrated disease
management approach. This is because it is easily adopted, requires few inputs
and is therefore economically advantageous. Common bean is reported to have
resistance to M. phaseolina (Pastor-Coralles and Abawi, 1988; Echavez-Bedel and
Beaver, 1986; 1987). Pastor-Corrales and Abawi (1988) developed an interna-
tional charcoal rot bean nursery of 40 accessions based on greenhouse and field
data. However, resistance to disease may vary depending on the environment and
the cultivar (Beebe and Pastor-Corrales, 1991). For this reason it is important for
each country to screen germplasm and develop resistant varieties which are
adapted to the environmental and climatic conditions that prevail within a given
country. Screening for resistance to M. phaseolina was done at charcoal rot ‘hot
spots’ at Kiboko and Katumani in eastern Kenya (Songa et al., 1992; Songa and
Hillocks, 1996). In addition, early maturing (drought escaping) genotypes were
compared with late maturing genotypes for resistance to M. phaseolina under field
conditions. The objectives of the work in this paper were therefore:

1. To screen common bean germplasm for resistance to M. phaseolina.

2. Todevelop a commeon bean charcoal rot nursery for use in bean improvement
programmes in the semi-arid areas of eastern Kenya and other arcas of
eastern Africa.

3. To test the hypothesis that a drought escape mechanism may confer resistance
to M. phaseolina.

MATERIALS AND METHODS

Screening common bean germplasm for resistance

Screening common bean germplasm for resistance to M. phaseolina was
conducted at KARIT centres, Kiboko (960 m asl} and Katumani (1575 m asl} in
eastern Kenya. The inoculum used for field inoculation consisted of a mixture of
isolates of M. phaseolina from eastern Kenya. It was prepared as follows: whole
grain rice seeds in beakers covered with aluminium foil were sterilized by
autoclaving with water in a one-to-one ratio {1 g rice seeds to | ml water) at
121 °C for 15 minutes and then cooled. A 0.8-cm disc, cut {rom a seven-day-old
culture of M. phaseolina on potato dextrose agar (PDA) was transferred into each
beaker containing rice seeds and incubated at 30-32 °C for 15 days. The fungus
colonized the rice seeds within 14 days. The colonized rice seceds were used for
inoculation at planting by placing three rice seeds per bean seed before covering
with soil. This rate of inoculation was found suitable in preliminary experiments in
this study (Songa, 1995).

A total of 313 common bean accessions consisting of local, improved and
introduced germplasm were evaluated for their reaction to M. phaseolina. They
were evaluated in batches over three seasons. Eighty, 101 and 162 accessions were
evaluated during the long rains, March-July 1993, the short rains, October 1993
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to January 1994, and the long rains, March-July 1994, respecrively. Of the 313
accessions evaluated initially, 30 accessions were evaluated a second time. The
susceptible line A 464 from CIAT was used as a control in each of the evaluation
trials. Each accession was planted in two rows, each 2 min length per replication.
Each row was planted with 30 seeds. One of the two rows for each accession was
inoculated and the other was left as a contrel. Inoculation was with M. phaseoling-
colonized rice seeds as described earlier. The experimental design was a rando-
mized complete block with three replications, The parameters measured were
plant stand count at 14 days after emergence, number of infected seedlings,
number of infected plants at harvest, total number of plants at harvest, grain yield
{kg ha ') and percentage charcoal rot incidence. The accessions that performed at
least three times better than the susceptible control, A 464, with respect to the
number of infected plants at harvest, yield and good agronomic characteristics,
were selected to constitute the charcoal rot nursery. Lines with good adaptability
but marginal performance in the above mentioned parameters were re-evaluated.

Drought escape and resistance i M. phaseolina

Reactions of early- and late-maturing accessions 1o M. phaseeling were com-
pared to determine if time to maturity influenced resistance to the pathogen. Field
experiments were conducted at the KART centres, Kiboko and Katumani. Ten
early- and ten late-maturing accessions were used in the study and the early- and
late-maturing lines reached 50% flowering between 25-37 and 3845 days after
emergence respectively. Each accession was planted in two rows (30 seeds per
row) of which one was inoculated using rice seed colonized by the pathogen and
the other left as the control. The early and late maturing accessions were planted
alternately in a randomized complete block design in three replications. The
susceptible line A 464, which is early maturing, was included as a control. The
parameters measurcd were number of emerged plants, disease incidence at 14
days atter emergence, number of days to 50% flowering, disease incidence and
number of plants at harvest. Due to the difference in maturity the parameters
taken at harvest had a time difference of ten davs.

RESULTS

Screening common bean germplasm for resistance to M. phaseolina

The 313 accessions evaluated varied in their reactions to M. phasesiina at both
the Kiboko and the Katumani screening sites. The disease incidence was usually
higher at Kiboko than at Katumani (Table 1}, Significant differences in
emergence count, number of infected plants at harvest, stand count at harvest
and seed yield were observed between accessions {Table 1 and 2!, Charcoal rot
incidence (%) and seed vield (kg ha™) were the most indicative of the overall
response of common bean accessions to M. phasesling {Table 2) Some accessions,
for example V 8025 and BA'T 1651, appeared susceprible at the end of the season,
but the seed yield was still satisfactory. No significant difference in charcoal rot
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Table 1. Number of emerged plants and munber of plants infeeted with Macrophomina phaseolina at harpest far
bwendy-four aicessions of comamon Bean fowering between thirty and thivty-five davs and eoaluated of Katumant and Kiboke

during e long rains in J994F
Katumani Kibcko
Number of Number  Number of Number
emerged infected at  emerged infected at

Accession  Introduction Origin plants harvest plants harvest
GLP8IS  20-9-3-35 Kenya 17.8 1.8 20.3 11.3
GLP 032 Estender USA 13.8 1.0 24.5 9.5
GLP 3% Porille-1-H Unknawn 183 1.8 19.6 8.6
GLP 4] Piacol Nima x Verdon Uganda 14.8 i 18.1 8.5
GL¥ 987  Panaminto Corriente Unknown 180 0.3 213 8.1
GLPY93 Tuwrialbal Usa i5.8 0.0 20.1 8.1
GLP &5 Drark Red Kiduey USDA 20.1 2.1 238 B30
GLP 1102 Veracruz 1-A-6 Colombia 17.5 HRE 22,1 8.0
GLP435  715-NiB-2826-5-1BK Puerte Rico 1.5 08 201 88
K9/38%8 Kenya 16.1 0.8 9.0 7.8
GLP 938 FFOOG{2-3-1MF5 Colotbia 17.6 a8 8.5 .6
GLP 1044 Lazy Housewife Seychelles 1.6 1.8 225 1.6
GLP988  San Pedro Pinda Unknown 18.5 2.3 211 7.5
K2%145A Unknown Kenya 15.6 0.1 20.1 7.5
GLP U738 Mourdtainer White Unknown 19.8 0.6 23.1 7.3
GLP 35 Red Hancos Kenya 17 1.1 24.5 7.3
Ki%3/268  Unknown Kenya 17.6 0.0 20.3 7.3
43338 {Inkpown Kenya 198 28 2i.6 7.3
GLP 1004 Mwezi Moja Kenya 16.5 2.0 210 7.
GLF234  Rose Coco Kenva 12.t 0.5 205 7.1
GLP 1121 PL203992 Colombia 14.5 L5 i9.5 7.0
Add4 G4 x AZ7 CIAT 184 58 212 115
Mean 1599 0.87 8.7 A4
8.8 irLis 4.65 .16 a1

$Thirty seeds were sown per row and the numbers given as emnerged and infected are averages of the
rephications of the inoculated rows.

incidence within accessions was observed hetween inoculated and uninoculated
plots. The susceptible control, A 464, was also useful as an indicator of the
uniformity of inoculum in the field . Based on the field data collected, a nursery of
54 accessions {Table 2} is now to be tested against infection by M. phaseoling in
different bean growing areas of eastern Kenya.

Drought escape in relation lo reststance
Early maturing accessions had significantly more seedling infection and more

infected plants at harvest than the late maturing accessions. The number of
seedlings that emerged and the number of plants at harvest were not significantly
different for the two maturity groups (Table 3.). The early maturing accessions
were observed to have more infection and wilting than the late maturing
accessions at both the seedling and post-flowering stages at Kiboko (Table 3.).
However, at Katumani the late-maturing accessions GLP 65, GLP 927, 43309,
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Table 2, Charceal ot incidence { %5 ) and seed weight (kg ke~ ") of resistant and lolerant bean accersions evaluated Jor
their regotion to Macrophomina phaseolina af Kiboke, Kenpa

Incidence of
Accession Introduction Origin charcoal rot Seed weight

Sources of known resistance

BAT 1280 Latin America CIAT 28.1 Tolerant 248.0
BAT {385 Latin America CIAT i5.6 Resistant 285.0
BAT 1663 Latin America CIAT 423 Tolerant 335.2
BA'Y 1400 Latin America CIAT 19.0 Resistant 252.2
BAT 1263 Latin America CIAT 14.7 Resistant 2t1.5
BAT 1651 Latin America CIAT 26.4 Tolerant 535.2
BAT 1297 Latin America CIAT 17.2 Resistant 135.2
BAT i25 Latin America CIAT 31.6 Tolerant 150.7
VOH025 Latin America CIAT 46,6 Tolerant 300.5
vV 8017 Latin America CIAT 21.6 Resistant 519.5
V8010 Latin Arnerica CIAT 9.2 Resistant 376.7
EMP. 86 Latin America CIAT 13.6 Resistant 3325
(3 5039 Latin America GQIAT 132 Resistant 1030.2
A G Latin America CIAT 145 Resistant 4342
QG 82-69 Latin America CIAT 224 Resistant 413.7
CG 82-79 Latin America CIAT 14.2 Resistant 1852
Newly tdentified sources of resistance
GLP9l4 FFO00262-M(71F4 Colombia 6.0 Resistant 729.5
GLP 808 Tendergreen Usa 140 Resistant 8257
GLP 274 Rase Coco Kenya 34 Resistant 4052
GLP 409 P366.A Colombia 83 Resistant £11.2
GLP 927 FFO00241F4 Colombia 158 Resistant 4177
GLP 184 221111315 Kenva 34 Resistant 7090
GLP 211 P Kenya 20,2 Resistant 402.3
GLP 805 K78(ex Kawanda} Kenya 306 Tolerant 403.0
GLP 987 SR{7HLKY58 Kenya 123 Kesistant 454.2
GLP 1082 Californiz Small White Colombia 7.2 Resistant 733.2
GLP 924 FFOD28-6MF4 Colombia 00 Resistant 3553
GLP 642 Field 18.P47 Holetta Colombia 3.2 Resdstang 694 %
GLEZI0 Bura Yellow Kenva 11.7 Resistant 664 5
GLP 240 Canadian Wonder Kenva 0.0 Resistant 600.5
GLP 384 Roval Red D5A 54 Resistant 2502
GLP 1206 Red Mex 12135 Netherlands 1.9 Resistant 0240
GLP 106 Ganajuarn [0-A-5 Colombia 1.8 Resistant 775.2
GLP 1162 Veracruz- A Colombia 18.7 Resistant Bl16.5
Newoly identified soarees of resisiance
E i - Kenya 3.4 Resistant 637.0
K13/288 - Kenya 0.0 Resistant 56,2
K67388 - Kenya 6.5 Hesistant 752.2
43335 - Kenya 166 Resigtant a78.0
43308 Kenya 58 Resigtant 8622
Ni7? - Kenya 7.5 Resistant 618.7
N 47 - Kenya 135 Resistant 1031.2
N 4% - Kenya 3.3 Resistant 164.5
N2 Canadian Wonder Kenya 8.9 Resigtant 774.7
N33 - Kenya 1.6 Resistant 999.0

N 36 Kenya 13.0 Resisiant 946.2
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Table 2 {continued}. Charceat rot incidence { % } and teed weight (kg ko™ ) of resisiant and tolerant bean gecesrions
sevauaied for thew reaction to Macrophomina phaseotina af Kiboko, Kenye

W, SONGA ef al,

incidence ol

Accession Introduction Origin chargoal rat Seed weight
N45 Kenva 84 Resistan 743.7
N8 - Kenya 86 Resistam 618.7
N6 - Kenya 60 Resistant 85867
N1 - Kenya i3.3 Resistant 78BS
MWEZIMOJA Katumani Local Kenyva 25.5 Resistant 3540
NYAYO Rose Coco Uganda 7.3 Resistant 958.5
KATX-16 KatB% x M.Moja Kenya 117 Resistant 442.7
KATUMBUKA Finto Kenya 84  Kesgrant 1001.5
KatB? Makueni Kenya 18.2  Resdstant 3780
Fnowon susceplible condrols
A 464 - CIAT 35.7 Suscepubie 55.0
ATD - CIAT 39.2 Tolerant 2758

43316, 43335 and GLP 1130 were found to be relatively more susceptible (Table
4.). The average numbers of days to 50% flowering in the early- and late-
maturing accessions were 33.3 and 40.1 respectively at Kiboko and the average
temperatures at the time of flowering were 25.5 °C and 23.5 °C for the early- and
late-maturing accessions respectively (Fig. 1). No significant difference was
observed between inoculated and uninoculated rows for any of the parameters
measured.

RISCUSSION

Several bean accessions were found to be resistant to M. phaseofing and the field
evaluation procedure was effective in separating bean accessions into two general
groups according to their reactions, namely, promising material for further
evaluation and highly susceptible accessions. The absence of significant differ-
ences between the inoculated and uninoculated plots indicated adequate levels of
inocubum in the plots which had been used to grow beans for several seasons. This
was confirmed by the susceptible control, A 464, The reactions of susceptible
cultivars were evident soon afier germination. Emerged seedlings of these
accessions showed the typical dark sunken lesions on the cotyledons caused by
M. phaseoling infection. The lesions ofien expanded and killed the seedlings within
14 days. High levels of seedling infection usually resuited in Jower stand counts at
harvest (Table 3}. These observations agreed with Gangopadhyay et /. (1970]
who reported severe damping-off of soyabean seedlings with plant losses up to
77%. Most of the accessions with good resistance had low levels of seedling
infection and small numbers of plants infected at harvest. However, some
accessions, such as BAT 1651, V 8025 and BAT 1669, had about 50% or more
of the emerged plants infected at harvest but sull had satisfactory seed yield
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Table 3. Reastions of eariy- and late-maturing kean aecessions to infection by Macrophomina phaseolins af Kiboko,
casfern Kenya

Numberof  Numberof  Daysto Number of  Number of
seedlings seedlings 3 plants at plants infected
Accession  Maturity group  emerged infecied flowering  harvest at harvest
GLP 1004 early 218 5.5 KN 174 6.8
GLP 978 early 245 38 8.5 18.8 4.1
GLP 967 eardy 206 6.6 35,8 14.0 1.8
A 464 earfy 24.8 4.3 35,3 7.6 (X1
GLP 121 early 22.1 5.3 3488 17.5 24
GLP 236 early 126 1.6 34,1 iR 2.8
43309 early 226 2.5 36.8 17.5 26
GLP 381 early 240 5.8 353 143 45
GLP 1092 early 210 9.4 36.1 16.0 23
GLPO1L early 20.8 3.8 36.5 13.0 5.1
GLP 1186 late 216 7.8 38.3 03 2.1
K23/45A late 220 4.1 0.5 15.3 33
GLP 41 late 6.5 6.6 40.6 14.3 1.5
GLP 988 late 211 6.5 376 20.3 23
GLP 768 late 20.6 5.0 34.6 14.8 2.0
GLP 1130 late 201 6.0 40.1 15.8 2.8
43335 late 21.5 3.5 39.8 17.3 31
GLP927 late 210 2.3 58.6 i8.3 4.0
GLP G late 225 6.8 42.8 19.6 3.1
Ni3 lafe 20.1 3.5 38.9 18.1 1.8
45316 late 236 3.0 43.0 16.1 4.6
Mean 21.68 443 3845 16.7 9.7
s.e. 0.35 0.27 0.26 0.39 0.27

(Table 2}. In these accessions the fungus was evident only on the piant stems in
advanced senescernce and the lines were still selected for possible high tolerance to
the pathogen. Late infections were more obvious after flowering during periods of
high temperature and moisture stress especially at Kiboko. This observation
supported the severe infections of charcoal rot reported at high temperatures
during periods of moisture siress (CIA'T, 1983; Dhingra and Sinclair, 1977},
Infected plants were chlorotic and less vigorous in growth, It was encouraging to
find that some of the improved accessions for semi-arid areas, such as GLP 12086,
GLP 1092, GLP 914, E 10, N 36, N 1] and N 43, performed well. This was
particularly so for accessions from the University of Nairobi bean programme that
had also been found resistant to several foliar diseases (A, W. Mwang'ombe,
University of Nairobi, personal communication).

With a few exceptions the early-maturing lines were significantly more
infected at both the seedling stage and at harvest {Table 3). Early-maturing
GLP 967 and late-maturing GLF 41 appeared to be susceptible at the seedling
stage but were resistant at the mature plant stage. Both had 6.0-6.6 seedlings
infected but only 1.8 plants infected at harvest. This observation suggested
different resistance mechanisms at the two plant stages. Some late-maturing
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Fig. |, Temperature at time of flowering of the early- and late-maturing accessions at Kiboke during the
short rains in 1554,

lines, 43316 and K23/45A had a high incidence of seedling infection and also
large numbers of infected plants at harvest. Sinee drought-tolerant accessions
may be late maturing, these observations did not lend much support to the view
of Pastor-Corrales and Abawi {1988} who found that drought-tolerant cultivars
were also highly resistant to M. phaseoling.

The reactions of the early- and late-maturing accessions to M. phaseolina at
Katumani were generally similar to those observed at Kiboke but much less severe
{Table 4). Some accessions {or example GLP 65, 43316, GLP 1130, 43335, and
43309 had almost equal numbers of infected plants at harvest at both sites. These
accessions were all of late maturity and were the most susceptible at Katumani, Tt
appeared therefore, that early maturing accessions escaped infection at Katumani
due to less favourable conditions for the pathogen early in the season.

At Katumani flowering occurred between one and eight days later than at
Kiboko depending on the accession. Delayed flowering at Katumani was
particularly obvious for the accessions GLP 768, GLP 1130, K23/45A, N 13 and
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Table 4. Reactions of sarly- and lete-matuning bean aeeessions to Macrophomina phaseolina ot Ztbeke and
Kotonani

Kiboka Katpmani

Payste  Number of Number of Daysto  Number of Number of

Maturity  50% plants at infected plantgs  50% plants at infected planis
Accession  group flowering  harvest at harvest flowering  harvest at harvest
GLP 1004 carly 37.8 17.0 6.8 36.0 19.7 0.2
GLP&S lawe 428 18.6 kN 44.0 2.5 2.1
GLP 378 early 6.8 18.8 4.1 36.0 226 0.1
GLP1igs late 393 20.3 2.1 4].2 18.8 1.8
GLP 27 latet 388 18.3 4.0 37.0 18.5 2.2
43316 late 43.0 16.1 4.6 442 24.0 4.1
GLF 236 carly 36.1 16.1 2.0 357 14.5 0.0
GLP 768 late 39.6 148 2.1 432 195 0.2
GLP 38t early 353 14.3 4.6 36.7 21.5 0.0
GLP 1130 late 40.1 15.8 2.8 43.0 ig.1 24
GLP gLl early 365 13.0 LN 37.2 H i.i
45835 lare 35.8 17.3 3.1 438 23.0 3.1
GLF 967 early 358 14.0 1.8 365 180 0.1
K23/45A fate 40.5 15.8 2.8 432 L0 0.1
GLP 1092 early 37.1 16.4 2.3 36.5 8.0 0.1
GLP 41 fate 416 4.3 1.8 41.2 8.8 0.0
GLE 112t carly 36.1 7.5 2.6 4.8 7.2 26
N3 late 376 20.1 2.3 39.0 i4.6 0.1
GLY G8E late 376 0] 2.3 380 i4.6 ol
A 46 early 35.3 17.6 7.0 352 14.6 1.8
43309 enrlyf 36.8 17.5 26 448 17.2 2.6
Mean 38.4 16.7 9.7 39.66 19.27 1.26
XS 6.26 0.39% 0.27 0.32 0.41 .15

HGLP Y27 is late ar Kiboke but early at Karumani, 345309 is early at Kiboko but late at Katumani.

43309 which took 43.2, 43.0, 43.2, 43.0 and 44.8, and 39.6, 40..1, 40.5, 38.5 and
36.8 from emergence to flowering at Katumani and Kiboko respectively {Table
4}, These observations were expected since Katumani is higher in altitude {1575
m asl} and the mean temperature is lower than at Kiboko (960 m asl}. The lower
temperatures at Katumani may have been responsible for the lower incidence and
severity of the disease at this site. Sclerotia formation has been linked mainly with
flowering {Wyllie and Calvert, 1969;. The ecarly-Rowering accessions would
probably be earlier in displaying susceptibility and at a time when the tempera-
ture was still relatively high and more conducive to the pathogen. The general
trend for temperature was to decrease graduoally from the beginning to the end of
the season before increasing again at the beginning of the next season as indicated
in Fig. 1.
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as an index of viability, During subseguent samplings, a
minimum of 30 scleroliz from each sample refrieved avery 3
months were plated on the selective medium and observed
for germination.

28 Mpasurement of soll moisiure

A single aluminium access tube with an intemal diameter of
50 v was Instailed i the middie of each plot replicate {0 a
dapth of 40 om al the dme the infected crop debris was buried.
Using a soil moisture neutron probe {(Didcot instruments,
Abingdon, UK) readings were taken at 0-5 5-10, 10-158
and 15-20 cm wice a month during the first and last week of
each month for the duration of the experiment. The following
cafibration equation was obtained from field measurements at
10 cm depth;

# =334+ 5584 (R =049

whers { is the percentage volumetric mositure content and /i3
the neutron probie count expressed as a fraction of the count in
water {Bell, 10785 Six and sighl soil samples were used to
determine bulk densily and gravimetnc scil water content
raspactively. The volumetric water content was then caiculated
trom average bulk dengity and gravimetric water content.

2.7, Measurement of soll temperature

Soil ternperature was measured at the four depths at which
the infested crop debris were buraed in e piots. The
measurements were faken daily at 3-h inervals Form 0800k
to 18.00 b using portable soi thermometers (EL504-024) in
rigged brass cases with stems graduated at 5, 10, 15, Z0,
30 om ¢ enable measurement at varipys depths. The lempera-
ture was not taken in each replicate bul randomly within the plot

2.8. Data analysis

ANOVA was used o compare the seed wifecton and
infestation of surface sterliized and unsterlized seed. The Least
Significant Difference (LSD) test was used to separate group
means where ANOVA indicated significant difference {P=0.05).
ANOVA was also used to compare sclerotial survival at different
depths in the soil.

3. Results and discussion

Seeds that produced colonies of M phaseolina were soon
eoverad with black ccierctia and were eagily entified. ANOVA
showed significant diference F=3821; dt=236; £=005) in
sead infecion and infestaion between surface sterilized and
unsteriized sesd of the three categories o! seed. LED test for
Means sompatisen showed no significant difference (F=0.05)
petween surface sterilized and unsterilized seed ot category
one, in the number of seeds that produced M. phaseoling at
narves! and & months later {table 2). However, there was a
significant difference {P=0.05) between sterilized and unster-
ilized seed of category two and three in the number of seeds
infected with M. phaseofina at harvest. Category three had a
significantly higher number of seeds infected compared with
categoties one and two for unsterilizew seed (lable 2}, ARer 6

monihs of storage there was no signiticant difference {(P=0.05)
between category two and three in the number of seeds infected
with the pathogen and for the unsieriiized seed, this was
significantly (P=0.03) lower than at harvest. Both categories two
and three seed had significantly higher infected seed than
calggory one, 6 months atter harvest. Other fungi tound to be
associated with the infected and infested bean seeds were
Aspergifus niger van Tiegh., Aspergifius favipes {Bainier &
Sartory) Thom & Church., and Peniciffium variable Sopp.

The resilts indicate that by selecting clean healthy looking
plarts for seed, the inftial inoculum due 1o seed nfection can be

Tabie 2. Common pean seed infechon and infestation al harvest and
afler B months storage

Al harvest Six months after harvest

Treatment Treatment
Category of Surface Surface
seed® sleniized  Unsterlized  stenlized  Unsleriized
One 5.0° 85 2.0 4.8
Two 8.0 19.3 7.5 1.2
Three 10.5 275 6.3 13.0
LS a5, 4,58

Satenory cne: plants with ne ashy stem symploms and no SYMPLoms gn
pods: category twao: plants with ashy siem symptoms but pods without
symptoms. category thiee: plants with ashy stem symploms and pods
bearng M. phaseshng sclerchia.

“Maan numiser of speds that produced M phassolina out of 200 tested,

w o

g |

B

Suiarplia perminstion {9}

a0 4

20 T

Y : ¥ + + u + d
Bept Dao March  June Sapl. Degc,
18¢3/84

Aprt dune

Fgure 1. Survival of M. phaseoling sclerotiz over fime.
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rachiced by more than hall. They also suggest that after 6
months of storage there was less infesiation by M. phaseolina
than at harvest. Thess observations imply a diminished role of
mycelia and poor vability of sclerolia after & months of storage
at room emperalure. Unsterilized seed had ahlmost twice or
more infecied zeed than the sterflized seed for all the categories
of sead flable 23, Category three seeds, from plants with most
severs infection, had 13.0% miected seed when unsterilized,
8.3% when sterdlized after 6 months of storage. Our resulis
generaily agree with earlier reports on M, phaseolina infection in
common bean and olher legumes (Andrus, 1938, Abawi and
Pastor-Corrales, 1986, 1990). However, previous authors did
not consider the effect of storage on the viability of the
pathogen. Abawi and Pastor-Corraies (1886) observed that

Famparaturs

sends obtamed from symptomless pods on infected plants
showed up 10 28% infection and surface disinfestation with §.6%
NaOCl reduced infection to less than 5%. Gangopadhyay et af,
(1970} found 13-24% of soybean seed harvestad from infected
piants harboured the fungus. The number of infoected seed &
months after harvest was significantly fess than 2! harvest,
Surface steriized seed also produced M phaseciing
colonies, indicating that the fungus was established beneath
the seed coat in about haif of the infested seed. In general these
resuits suggeast that surface sterilization or storing common bean
seed for 8 months before planting was sHfective in reducing M
phaseoclinag infestation by approximately 50%. Antagonism with
other micro-organisms may be another reason for the observed
inactivation of inocculum in storage. Aspergiius spp. were among
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Table 3. Survival of M. phaseolina scierohia in orop debrns at four depths
in soff

Percentage germination

Morths after busat

Soil depth {em; 3 ] 8 12 16 18 21

0-5 483 481 585 55% 351 200 3686
510 666 286 393 422 222 222 30
10315 670 582 1337 466 111 444 233
1520 633 288 254 4B9 IBE 1 333

L35y 05y 25.58.

othar fungi isolated from the boan seed and have Deen reponed
to reduce M. phaseviing infecion i peanut kermnels (Jackson,
1865. This phenomenon needs further investigation and
sugpesis the potential use of biocontrsl agents in seed
heaiments.

At the beginning of the experiment 98% {n= 100} scierolia
taken from infected crop debris and plated on the selechive
medum PDA-DOFCHNB germinated. Survival of sclerclia there-
after declingd with ime, as shown in figure 1. The depth at which
the scierotia were buned did not significantly {F= .05} influgnce
sutvival {tabie 3). Soil temperature decreased with depth, as
shown in figure 1. The highest average temperature was 385 C
between 0 and 5 om during the perind January - March 1994
and the lowest was 29.0 C between 15 and 20 cm during the
perod Cotober-December 1983, Soil moisture increased with
depth, as shown in figure 2. The highest soil moisture (20.3%
VWC at 15-20cm depth) was observed during the period
October—December 1894 and soil moisture was lowest {5.8%
VWO at -5 om depth} during July - Sepiember 1894,

The results in this study malicate that up © 30% of M
phaseoiina sclerctia in bean crop debris wers stift viable alter 21
months in the soil. They sugoest that crop rotations with non-
hosts or fallow perods of less than 2 years are unlikely t© be
effective in reducing charcoal rot disease in infesied fietds. Our
study alsc indicates tha! sclerotial survival was not influenced by
s0il moisture, soil temperatlure or deptn of burial in the present
study.

The average soil temperature during the day was lowest at
29°C at the 15-20 cm depth and highest at 38°C at 0-5% em
depth {Higure 3). These temperatures are within the optimal range
for good growth of M. phasesiing (Smith, 1989, Dhingra and
Sinclair, 1975} and this could explain in parl the absence of
significant difference in the survival of sclerstia with depth,

Soil moisture was 6% and 20% YWC al the 0-5 and
15-20 om depths respeciively. Salischandra et al (1870
observed that saprophylic activity was highest for M
phasecling at 20% MHC and was reduced four times at
80% MHC. The difference in muoisturs content at the depths
investigated was probably not large enough to influence
sclercliza survival. This pathogen does nol survive for long
under anasrobic conditions {Satischandra gt af, 1878 and
the moisture effects would be more obvious in poory drained
soils. The scil texture of the study field {ftable 1) indicates that
it is well drained and anaerobic conditions would not easity
ocour even after very heavy eratic rains that are typical of
this region. The insignificance (F=(.05) of depth on survival

(table 3) suggests that deep ploughing intended o bury crop
debris would not control charcoal rot disease. Removal and
burning infested crop debris would be a more useful culiural
cantrol praciice.
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