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Etiology of and Effect of Environmental Factors on
Damping-Off and Stem Rot of Cowpea in Benin
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Damping-off and stem rot are two types of diseases affecting cowpea (Vigna unguiculata (L.)
Walp.) in the Ouémé Valley, Benin. Of the fungal species isolated from diseased plants in
the field during a 2-year experiment (2001 and 2002), Sclerotium rolfsii Sacc. was found
to be solely responsible for these diseases. The disease incidence decreased with increasing
distance of the field from the river. Measurement of S. rolfsii initial inoculum, soil moisture
and disease incidence in cowpea field plots revealed a positive correlation among these
parameters. The multiple regression analysis showed that the disease incidence increase was
0.4% for one unit increase in soil moisture percent, whereas the disease incidence increase
was 19.8% for one unit increase of the density of initial inoculum of the pathogen. This
is the first comprehensive study of the effects of environmental factors on the incidence of
cowpea damping-off and stem rot caused by S. rolfsii in Benin, and shows that the density of
the initial inoculum is the main contributing factor of the disease in the field in the Ouémé
Valley.
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INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) is an important grain legume in West Africa
(23), providing an inexpensive source of protein for the poor urban and rural population
(1). Unfortunately, cowpea yield is low due to its susceptibility to many diseases (3,7,22),
such as damping-off and stem rot. These diseases have been reported in many countries in
tropical Asia, the USA, Nigeria (13,23), Benin (9,17) and South Africa (3). Damping-off
and stem rot diseases are caused by many different species of fungi (3,6,23), including
Pythium aphanidermatum (Edson) Fitzp., Rhizoctonia solani Kiithn, Phytophthora sp.,
Fusarium solani (Mart.) Sacc. and Sclerotium rolfsii Sacc. (20).

Moreover, outbreaks of disease are often triggered by specific environmental events
that can occur long after initial inoculum infection (8,15,16,25). Pieczarka and Abawi (16)
and Wakeham et al. (25) reported that when environmental conditions prevailing in both
air and soil are suitable, disease development can be greatly affected and colonization of
bost tissues and disease spread can be rapid. Similarly, Singh ez al. (21) indicated that most
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Pythium species and R. solani cause major damage in rain-forest and guinea savanna with
cool and wet weather conditions similar to those prevailing in Nigeria.

Damping-off and stem rot of cowpea are the most important diseases during cowpea
cultivation, which starts after natural flooding in the Ouémé Valley, Benin. These diseases
result in yield losses ranging from 19% to 40% (17). Sclerotium rolfsii was reported to be
the causal agent of the disease in the Valley (9), but little is known about the disease in that
area. The effect of environmental conditions on the severity of the disease has not yet been
studied. The objective of the present study was to study aspects of the epidemiology of the
disease in the Quémé Valley, including the influence of initial inoculum, rainfall, and soil
moisture on the incidence of damping-off and stem rot of cowpea.

MATERIALS AND METHODS

Collection of plant material Surveys were conducted in farmers’ fields in six different
villages (Agbonou, Agonguey, Agonlin, Dannou, Gangban and Wozounme) during the
cowpea planting seasons in 2001 and 2002. Three bands about 150 m apart, each
representing a block and running perpendicular to the river, were demarcated. Five fields
at 200-m intervals were located along each band. The fields were planted with ‘Tchawé
kpayo’, the local cowpea cultivar, and cultivated and weeded by farmers using traditional
cultural practices. In each field, a plot of 10 x 20 m was marked, within which six 2-
m? subplots were demarcated. The number of plants showing symptoms of the diseases
was recorded and tape-marked at 7, 15 and 30 days after planting. Diseased plants were
randomly collected from the 2-m? subplots and transported to the laboratory for fungal
pathogen isolation and identification.

Isolations Diseased stem tissue was cut into small segments (~2 mm?), surface disin-
fected with 0.5% sodium hypochlorite (NaOCl) for 15 s, rinsed twice in sterile distilled
water (SDW), blotted dry and plated onto potato dextrose agar (PDA) amended with
0.025% chloramphenicol. After 2 days’ incubation at 254-1°C under fluorescent light,
pure cultures were obtained by transferring colonies to new PDA and water agar plates.
The pure fungal cultures were maintained on PDA slants at 4°C.

Identification of fungal isolates Fungal colony morphological characteristics: The
radial growth of the colonies was measured after 3 days’ incubation, and the colony
color and number of produced sclerotia were recorded. Identification was done using the
Mycology Guidebook (24), the system of Nelson et al. (12) and keys of Domsch et al.
(5). One pure culture was deposited in the National Collection of Fungi, Biosystematics
Division, Plant Protection Research Institute, Pretoria (PREM 57252), and the remainder
in the Collection of Fungi, Plant Health Management Division, International Institute of
Tropical Agriculture (IITA), Cotonou, Benin (isolate codes: IITA 407, IITA 408, IITA 409,
IITA 410, IITA 411, IITA 412).

Pathogenicity tests Pathogenicity of each isolate was tested in the greenhouse at IITA,
Cotonou Station, Benin, using the Sclerotium-susceptible cowpea cv. Tchawé kpayo.
Millet seed (Panicum miliacewm L.) soil inoculum techniques were used to inoculate the
soil (26). Five 5-mm-diam discs cut from the actively growing edge of each colony on PDA
were used to inoculate 50 g of the millet seeds. Prior to the inoculation, the millet seeds
were steeped in water for 48 h and autoclaved for 45 min at 120°C. Inoculated-millet seeds
were incubated for 21 days at 27°C and then used to inoculate the soil. Sandy loam soil was
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pasteurized by aerated steam (60°C for 60 min) and stored for 21 days before inoculation
with the millet seed inoculum (16). Inoculum was air-dried in a paper bag, lightly ground
and passed through nested sieves with an opening of 3 mm. The soil inoculation was done
2 days before planting by mixing 10 g of the millet seed inoculum of each isolate with 1 kg
of steam-disinfected sandy loam soil in a pot. Controls consisted of pasteurized soil (1 kg)
unmixed or mixed with 10 g of uninoculated steeped millet seed, respectively.

Cowpea seeds of cv. Tchawé kpayo were obtained from the Ouémé Valley village.
The seeds were surface-disinfected in 1% NaOCl for 2 min, rinsed twice in SDW and
then planted in pots (14 cm diam X 18 cm height), using four seeds per pot filled with
inoculated soil. Pots were kept at 21-30°C in the greenhouse, watered every 2 days and
the number of seedlings showing disease symptoms in each pot was recorded at 7 and 30
days after planting. To fulfill Koch’s postulates, at least two diseased plants were removed
at each observation and plated onto PDA medium. Cowpea seedlings and plants were
inoculated with the fungal culture. A fungal species was considered to be pathogenic
when its inoculation to cowpea seedlings or plants in the greenhouse resulted in at least
one diseased seedling or plant with the typical symptoms of the disease. The re-isolated
fungus was cultured on PDA, and colony characteristics were recorded and compared to
the original isolates.

Field evaluation of the effects of environmental conditions on disease development
On-farm trials were conducted during 2001 and 2002 in a village (Agonguey) in the Ouémé
Valley to determine the effect of environmental conditions and natural field initial inoculum
density on disease incidence in cowpea. The village is transected by a river that overflows
and floods the fields of the village each year, toward the end of the rainy season (August—
September). The weekly mean air temperatures and humidity recorded during the field
experiment varied between 26.1° and 26.3°C, and 69.0% and 75.0%, respectively, in 2001,
and between 25.8° and 26.9°C, and 71.1% and 73.6%, respectively, in 2002. Cowpea
is grown after the water has drained from the fields. The fields are known to have a
history of damping-off and stem rot of cowpea (17). During the 2001 cowpea planting
season experiment, three bands, each representing a block and running perpendicular to
the river, were demarcated approximately 150 m apart. Five fields at 200-m intervals were
located along each band and planted with cv. Tchawé kpayo. The cultural practices were
the same as described earlier. The experimental design was a complete block with each
band representing a block, replicated three times along the river. A 1.0-kg soil sample
from a depth of 20 cm was taken from each subplot at planting, for initial inoculum
density determination. The wet-sieving method described by Punja et al. (19) was used to
recover directly and enumerate sclerotia from the soil samples. Soil moisture was measured
gravimetrically from a 20-cm-deep soil sample taken per subplot at planting and at 7-day
intervals until harvest, using the technique of Nielsen ez al. (14). Seven days after planting
and subsequently at 7-day intervals until harvest, all cowpea plants within each subplot
were examined and the number of seedlings or plants showing symptoms of damping-off
or stem rot was recorded and tape-marked to establish disease incidence. Rainfall was
recorded daily using a funnel-type gauge positioned 1.5 m above the soil surface in the
field.

In the second experiment during the 2002 cowpea planting season, two cowpea
cultivars, Tchawé kpayo and IT83D-326-2, were planted per block in the field. IT83D-326-
2 is known to be moderately tolerant to damping-off and stem rot (17). The experimental

Phytoparasitica 33:1, 2005 67



fields were located along the bands demarcated along the river as described earlier and
each cultivar was grown separately in a 10 x 20-m plot (per field). The cultural practices,
sampling and collection of environmental data were as described above.

Statistical analysis The percentage field data were arcsine (Y1/2) transformed. The
analysis of variance was performed using the general linear model (GLM) procedure in
the SAS System (20) and mean separations were done using the Student-Newman-Keuls
(SNK) option. Correlation matrix and multiple regression analyses were performed, taking
into account all measured variables of the system. The estimated multiple regression
equation was used:

=17, +ax1 +bro+cr3+...

where § represents the disease incidence; g, the intercept; a, b and c are the increase in
i resulting from one unit increase of the factors x; X2 and xg respectively. To avoid
overestimating the variable impact, the multiple coefficient of determination was adjusted
and computed as follows (2):

Ri=1-(1-R*)/(n-p-1),

where R,2=adjusted multiple coefficient of determination; R%?=multiple coefficient of
determination; n=number of observations; and p=number of independent variables.

RESULTS

Identification of fungal isolates Four fungal species, Fusarium oxysporum Schlecht.,
Fusarium scirpi Lamb. and Faut., Trichoderma harzianum Rifai and Sclerotium rolfsii
Sacc. were isolated from plant samples collected from the field in 2001. Although all these
species were present in all six villages, their prevalence was not consistent. In most cases,
S. rolfsii was the only fungus isolated from the diseased plants. S. rolfsii and F. oxysporum
were isolated from 2.91% of the same plant samples, S. rolfsii and F. scirpi from 1.5%, S.
rolfsii, T. harzianum and F. oxysporum from 4.32%, and S. rolfsii, F. scirpi and T. harzianum
from 0.5%. Incidences of the fungal species showed a similar trend during the second field
experiment.

Pathogenicity tests None of the F. oxysporum, F. scirpi or T. harzianum isolates caused
disease on cowpea in these experiments. Damping-off and stem rot occurred when cowpea
seeds were planted in soil inoculated with S. rolfsii only. Some plants showed stem
infection but remained upright. Symptoms corresponded with those observed in the field
and also with those described by Singh and Rachie (23) on cowpea. S. rolfsii was re-
isolated from the seedlings and produced cultures identical to those of the original isolate
which was used as inoculum.

Field evaluation of the effects of environmental conditions on disease development
Damping-off symptoms observed in the fields included necrotic, water-soaked and brown
lesions on the hypocotyls. The diseased seedlings wilted and fell over onto the ground.
When cowpea plants are affected at a later growth stage, the disease is called stem rot.
The affected plants developed the above-mentioned symptoms, but remained upright. The
lesions were covered with white mycelium in which brown sclerotia were embedded.

Soil moisture (%) recorded in the field diminished over time. The percent soil moisture
data, either over time or at harvest (last measurement), were higher closer to the river and
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TABLE 1. Soil moisture, initial inoculum, and incidence of Sclerotium rolfsii damping-off and stem
rot of cowpea recorded in 2001 and 2002 in Agonguey, Ouémé Valley, Benin

Distance Soil moisture® Initial inoculum¥ . Diseased plants (%)
from river (m) (%) (no. of sclerotia kg1 soil) Cultivar
Tchawé kpayo IT83D-326-
2

(susceptible) (moderately
tolerant)
2001 2002 2001 2002 2001 2002 2002
200 24.81%¢c  2543c  24.6¢ 34.7c 8.51c 7.28¢ 4.37b
400 24.68bc  23.94b  20.5bc  25.1b 6.54b 5.86bc  3.42b
600 23.6lab 24.03bc  18.3b 19.9b 4.82b 4.3% 1.06a
800 23.88abc 22.21a  11.3a 12.4a 2.19a 1.99a 1.26a
1000 23532  21.1la  12.6a 12.2a 0.82a 1.04a 0.53a

*Means of measurements at 7-day intervals until harvest.

YRecorded prior to planting in each year. Six 1-kg soil samples were taken from each of five plots within bands
running perpendicular to the river; number of sclerotia was determined using the wet-sieving method (19).
Within columns, means followed by a common letter do not differ significantly (P=0.05) according to the
General Linear Model test.

TABLE 2. Correlation matrix from parameters measured during the cowpea damping-off and stem
rot survey in Benin during 2001 (01) and 2002 (02)

Parameters Distance #Soil Soil YInitial Initial  “Incid. Incid. Incid.
from moist.  moist.  inoc. inoc. Tcha Tcha IT83D
river 01 02 01 02 kpayo kpayo  (02)

01 02

Distance from river 1

Soil moist. 01 -0.665% 1

Soil moist. 02 -0.876* 0.297 1

Initial inoc. 01 -0.989* 0.689* 0.563* 1

Initial inoc. 02 -0.968* 0.759%  0.519% 0412 1

Incid. Tcha kpayo 01 -0.954* 0.856* 0.803* 0.874* 0955* 1

Incid. Tcha kpayo 02 -0.965* 0.905% 0.843* 0.966* 0.984* 0.560* 1

Incid. IT83D 02 -0.875* 0.524*  0.636* 0.779* 0937* 0380 0445 1
#Soil moisture.
YInitial inoculum.
ZIncidence recorded on cv. Tchawé kpayo (susceptible) and cv. IT83D-326-2 (moderately tolerant).
*Indicates the correlation coefficient is significant.

lowest in the plot farthest from the river (Table 1). A similar trend was observed for the
initial inoculum density of S. rolfsii and the incidence of damping-off and stem rot during
the 2-year experiment in the field (Table 1). During the field experiments, no rainfall was
recorded in the Ouémé Valley.

There was a negative correlation between distance from the river and soil moisture,
initial inoculum and disease incidence, as shown by the correlation matrix (Table 2). The
regression analyses showed that inoculum density, soil moisture or disease incidence as
dependent variables were each in a significant relationship, with the distance from the river
used as independent variable. The estimated adjusted coefficient of determination R,2
was significant (P<0.05) and greater than 0.85 for all used dependent variables except that
(0.595) of incidence recorded with cv. IT83D-326-2.

The multiple regression analysis, using incidence as dependent variable and soil
moisture and initial inoculum density as independent variables, was significant (P<0.05)
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with an estimated coefficient of determination R,2 higher than 0.901. However, the soil
moisture 1 (first year) had P-values greater than 0.05. Initial inoculum was the only
independent variable in a significant (P<0.01) relationship with the disease incidence in
the first year. In the final step of the backward elimination procedure, soil moisture 2
(second year) had a P-value that was less than 0.05 for incidence on cv. Tchawé kpayo, but
was not significant for cv. IT83D-326-2. In the specific case of the initial inoculum density,
the P-values were less than 0.01, indicating a highly significant relationship between the
inoculum density and the disease incidence. The estimated multiple regression equation,
$=0.103 + 0.004x; + 0.198x5 (where 7 represents the disease incidence, in the second
year, on cv, Tchawé kpayo; x; is the soil moisture; and x5 is the initial inoculum density)
was highly significant (P<0.01) with an adjusted coefficient of determination, R,,%=0.995,
indicating a good fit of the data.

DISCUSSION

Several soilborne fungi have been reported to be associated with damping-off and stem
rot of cowpea (23). In the current study, four major fungal species, E oxysporum, F. scirpi,
T. harzianum and S. rolfsii, were isolated from plant samples collected from the field. The
isolation concentrated on fungal pathogens only. Results showed that, of all the four fungal
species, only S. rolfsii caused damping-off and stem rot of cowpea during the pathogenicity
tests in the greenhouse, indicating that a mere association of fungi with diseased plants
does not necessarily indicate that they are pathogens. S. rolfsii has been recorded in many
countries in Africa, in tropical Asia, in Brazil and in the USA (23). S. rolfsii has been
reported to be a destructive soilborne pathogen of numerous crops, especially in the tropics
and subtropics (11,18). In the present study S. rolfsii was identified as the causal agent
of damping-off and stem rot, as recorded earlier in the Ouémé Valley (9). Fusarium
oxysporum, F. scirpi and T. harzianum isolated in the present study did not individually
cause damping-off and stem rot symptoms, indicating that they might not be considered
pathogenic on cowpea.

It is common knowledge that environmental conditions can influence the development
of disease (16). The etiology of a particular plant disease has important implications in
the cultivation of the crop and an understanding thereof is crucial in order to be able
to control and eliminate the disease before it becomes established in the crop. Diseases
caused by S. rolfsii are especially rampant in the tropics and subtropics, where temperatures
are sufficiently high to permit the growth and survival of the fungus (11,18). During the
present field experiment, air temperature and relative humidity did not vary significantly
and might not be the dominant determinators influencing progress of cowpea damping-
off and stem rot diseases in the Ouémé Valley. In the naturally infested field experiment,
a gradient of S. rolfsii initial inoculum was recorded and the highest density was found
closest to the river. Soil moisture and disease incidence followed a similar trend. The
regression analysis showed that soil moisture was related to the disease incidence, and
might be one of the factors influencing disease development in the valley. The fact that
there was no rainfall during the 2-year field experiment is typical for the production period
of cowpea in this study area. Moisture available in the soil after natural flooding was the
primary source of moisture that might have influenced disease development. The positive
correlation between soil moisture and disease incidence in the present study corresponds
with findings on other soilborne diseases (16). However, in the multiple regression equation
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analysis, one unit increase of the percent soil moisture resulted in a 0.4% increase in the
disease incidence. This increase is very low compared to one unit increase of the initial
inoculum density resulting in a 19.8% increase of the disease incidence. Thus, although
soil moisture was found in the present study to be related to disease development, the
analyses showed that the driving factor is the density of initial inoculum of the pathogen.
In an earlier study, Punja ef al. (19) recorded the same spatial pattern of inoculum of S.
rolfsii and indicated that the inoculum was clustered or clumped and that a similar trend
was observed for diseased plants. In the Ouémé Valley, the soil preparation by farmers
before planting always comprises cutting harvested maize stems and weeds and making
holes in which cowpea seeds are sown directly. The stems and weeds are placed on the
field during the cowpea development period and are remoistened by dew, thus increasing
the amount of organic substrate for mycelial growth. This may lead to increased disease
incidence and severity, as reported earlier (4,18). However, disease incidence recorded with
cv. IT86D-326-2 was lower than that with cv. Tchawé kpayo, confirming the moderately
tolerant status of IT86D-326-2. Using this cultivar should increase yield, which would be
improved further by integrated disease management combining other control methods.

Results from this study provide the first documentation on the field factors favoring
cowpea damping-off and stem rot development in the Ouémé Valley. Sclerotium rolfsii
initial inoculum, and to some extent soil moisture, were among the main factors influencing
disease development during the study. The present results are important in the context of
disease control methods and prediction, and development of an infection efficiency model
(10) based on environmental data.

ACKNOWLEDGMENTS

This research was financed by the International Institute of Tropical Agriculture (IITA). We thank the
National Institute of Agricultural Research of Benin (INRAB), the University of Pretoria and the National
University of Benin (UNB) for provision of facilities and technical material.

REFERENCES

1. Alghali, AM. (1991) Studies on cowpea farming practices in Nigeria, with emphasis on insect pest control.
Trop. Pest Manag. 37:71-74.

2. Anderson, D.R., Sweeney, D.J. and Williams, T.A. (2003) Modern Business Statistics with Microsoft Excel.
South-Western, Cincinnati, OH, USA.

3. Aveling, T.A.S. and Adandonon, A. (2000) Pre- and post-emergence damping-off of cowpea caused by
Pythium ultimum in South Africa. Plant Dis. 84:922.

4. Beute, M.K. and Rodriguez-Kabana, R. (1979) Effect of volatile compound from remoistened plant tissues
on growth and germination of sclerotia of Sclerotium rolfsii. Phytopathology 69:802-805.

5. Domsch, K.H., Gams, W. and Anderson, T-H. (1980) Compendium of Soil Fungi. Volumes 1 and 2.
Academic Press, London, UK.

6. Emechebe, A.M. (1981) Brown blotch of cowpea in Northern Nigeria. Samaru J. Agric. Res. 1:20-26.

7. Emechebe, A.M. and Shoyinka, S.A. (1985) Fungal and bacterial diseases of cowpea in Africa. in:
Singh, S.R. and Rachie, K.O. [Eds.] Cowpea Research, Production and Utilisation. John Wiley and Sons,
Chichester, UK. pp. 173-192.

8. Hwang, B.K. and Kim, C.H. (1995) Phytophthora blight of pepper and its control in Korea. Plant Dis.
79:221-227.

9. Kossou, D.K., Ghehounou, G., Ahanchede, A., Ahohuendo, B., Bouraima, Y. and van Huis, A. (2001)
Indigenous cowpea production and protection practices in Benin. Insect Sci. Appl. 21:123-132.

10. Lalancette, N., Ellis, M.A. and Madden, L.V. (1988) Development of an infection efficiency model for
Plasmopara viticola on American grape based on temperature and duration of leaf wetness. Phytopathology
78:794-800.

Phytoparasitica 33:1, 2005 n



11

12.

13.

14,

15.

16.

17.

18.

19.

20.

2L

22

23.

24,

25.

26.

72

Mukherjee, P.K. and Raghu, K. (1997) Effect of temperature on antagonistic and biocontrol potential of
Trichoderma sp. on Sclerotium rolfsii. Mycopathologia 139:151-155.

Nelson, P.E., Toussoun, T.A. and Marasas, W.EO. (1983) Fusarium Species, an Illustrated Manual for
Identification. The Pennsylvania State University Press, University Park, PA, USA.

Newhook, F.J. and Podger, ED. (1972) The role of Phytophthora cinnamoni in Australian and New Zealand
forests. Annu. Rev. Phytopathol. 10:229-326,

Nielsen, D.C., Lagae, H.J. and Anderson, R.L. (1995) Time-domain reflectometry measurements of surface
soil water content. Soil Sci. Soc. Am. J. 59:103-105.

Ogoshi, A. (1987) Ecology and pathogenicity of anastomosis and intraspecific groups of Rhizoctonia solani
Kiihn. Annu. Rev. Phytopathol. 25:125-143,

Pieczarka, D.J. and Abawi, G.S. (1978) Effect of interaction between Fusarium, Pythium and Rhizoctonia
on severity of bean root rot. Phytopathology 68:403-408.

Projet Protection Ecologiquement Durable du Niébé, volet Bénin (PEDUNE-BENIN) (1995) Enquétes
exploratoire et diagnostique sur la situation du niébé au Benin. Rapport d’enquéte. [Ecologically Sustainable
Cowpea Plant Protection in Benin. Exploratory and diagnostic surveys of cowpea production in Benin.
Survey reports.] INRAB, Cotonou, Benin.

Punja, Z.K. (1985) The biology, ecology and control of Sclerotium rolfsii. Annu. Rev. Phytopathol. 23:97-
127.

Punja, ZK., Smith, V.L., Campbell, C.L. and Jenkins, S.F. (1985) Sampling and extraction procedure to
estimate numbers, spatial pattern and temporal distribution of sclerotia of Sclerotium rolfsii in soil. Plant
Dis. 69:469-474.

SAS (1997) SAS/STAT Software: Changes and Enhancements through Release 6.12. SAS Institute Inc.,
Cary, NC, USA.

Singh, B.B., Mohan Raj, D.R., Dashiell, K.E. and Jackai, L.E.N. (1997) Advances in Cowpea Research.
Co-publication of International Institute of Tropical Agriculture (IITA) and Japan International Research
Center for Agricultural Sciences (JIRCAS). IITA, Ibadan, Nigeria.

Singh, S.R. and Allen, D.J. (1979) Les Insectes Nuisibles et les Maladies du Niébé. 2. IITA, Ibadan, Nigeria.
Singh, S.R. and Rachie, K.O. (1985) Cowpea Research, Production and Utilisation. International Institute
of Tropical Agriculture (IITA). John Wiley and Sons, London, UK.

Stevens, R.B. (1974) Mycology Guidebook. Mycological Society of America. University of Washington
Press, Seattle, WA, USA.

‘Wakeham, A.J., Pettitt, T.R. and White, J.G. (1997) A novel method for detection of viable zoospores of
Pythium in irrigation water. Ann. Appl. Biol. 131:427-435.

Weideman, H. and Wehner, EC. (1993) Greenhouse evaluation of Trichoderma harzianum and Fusarium
oxysporum for biological control of citrus root rot in soils naturally and artificially infested with
Phytophthora nicotianae. Phytophylactica 25:101-105.

A. Adandonon et al.



