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Field studies were conducted to determine the effect of plant spacing and cropping pattern on
brown blotch, caused by Colletotrichum truncatum. A greater reduction of the disease oc-
curred on intercropped compared to monocropped cowpea [Vigna uniguiculata (L.) Walp.].
Cowpea at wider spacings (between and within rows) showed lower disease incidence and sever-
ity in both monocrop and intercrop patterns than those at closer spacings. Fewer but more
marketable vields were obtained from intercropped than monocropped cowpea, and from cowpea
planted at wider row-spacings than those from closer spacings.
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Brown blotch, caused by Colletotrichum
truncatum (Schw.) Andrus & Moore, is one of
the most widely spread diseases of cowpea
[Vigna unguiculata (L) Walp.] in Nigeria (Singh
and Allen, 1979). Many control measures have
been recommended for the control of this dis-
ease (Copeland et al., 1975; Yen and Sinclair,
1980; Oladiran and Oso, 1983; Alabi et al.,
1986; Gomez et al., 1986). However, most of
these control measures lack application because
of the indigenous intercropping system which is
widely practised by the farmers.

Cowpea is rarely planted as a monocrop,
especially in northem Nigeria where it is mainly
grown (Litzinger and Moody, 1976). 1t is mostly
intercropped with maize (Zea mays L.), sor-
ghum [Sorghum bicolor (L.) Moench], pearl
millet [Pennisetum americanum (L.) Leeke], and
(or) cassava {Manihot esculenta Crantz), and
occasionally with cotton (Gossypium hirsutum
L.) or groundnut (Arachis hypogaea L.} (Baker
and Norman, 1975). There is no record of any
deliberate attempt to investigate the effect of
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intercropping cowpea with other crops or plant
spacing on brown blotch. Therefore, the present
study was conducted to quantify the incidence,
spread, and severity of brown blotch on
cowpea planted at different spacings and in
maize and non-maize based stands.

Materials and Methods

Experimental conditions

The experiment was conducted at the Interna-
tional Institute of Tropical Agriculture (IITA),
Ibadan, Nigeria. Ibadan is located at 7°30° N
and 3°54° E. The experimental site is in the
tropical rain-forest zone and the rains there are
bimodal with a monthly mean of 160 mm in
April-June, usually designated as the long rains,
and 150 mm in September—October, designated
as the short rains.

The experiment was carried out in six sepa-
rate seasons from 1987 to 1989. The first
season was from April to July while the second
was from August to November. The third sea-
son was the dry-off cropping season from De-
cember to March in the succeeding year. The
field experiment conducted in the third season
was irrigated with overhead sprinklers for 4 h
per week. The rate of water supply was 8.6
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mm h™* wnich was equivalent to 35 mm ot
rainfall per week. This adequately simulated the
normal water requirement for the growth of
both cowpea and maize plants in addition to
other overall needs.

Land preparation, planting, and cultural
management

The experimental plot was mowed, weeds were
sprayed with paraquat at 5 L ha™', and zero
tillage was adopted. Two seeds were sown per
hole and later thinned to one plant. Subsequent
weed control after the initial application of
paraquat was by hoeing at three-week intervals.
Routine three-weekly insect control with Sherpa
Plus (a combination of dimethoate and
cypermethrin) sprayed from a Knapsack sprayer
at 5 mL L' of water was applied from 10
days after sowing until maturity.

Experimental plot size and design

A 2 x 3 x 4 factorial experiment in a com-
pletely randomised block of 24 plots was used
with the following factors: two cropping pat-
terns (monocrop and intercrop), three between-
or inter-row spacings consisting of 50, 75, and
100 ecm, and four within- or intra-row spacings
which consisted of 10, 20, 30, and 40 cm.
The experimental plots were 3 m long and 6 m
wide. A clear border of 1.5 m was maintained
between plots to prevent cross-contamination
due to plant-to-plant contact from plants in one
plot and others in an adjacent plot. There were
three replications.

Ife brown, a cowpea variety that is high
vielding but very susceptible to brown blotch,
was used. It was intercropped with TZESR-Y
variety of maize, which is also high vielding.
Maize was chosen because it is predominantly
intercropped with cowpea by most subsistence
farmers in the rain forest and fringes of south-
ern Guinea Savanna of West Africa as a surety
against crop failure. Their different growth pat-
terns and moisture requirements make it more
likely that both crops will vield well. The ben-
eficial advantages of cowpea in the intercrop
for enriching the soil with nitrogen has been
demonstrated (Agboola and Fayemi, 1972;
Atkins, 1982).

In the sole cowpea plots 50-, 75-, and 100-
cm between-row spacings gave 12, 8, and 6
rows per plot, respectively. Plant populations
decreased in the order 30, 15, 10, and 7
cowpea plants per row approximately as a re-
sult of spacing 10, 20, 30, and 40 cm within
rows in the plots, respectively. In the intercrop
plots, the plant equivalence between the two
crops was calculated according to the ratio of
the estimated optimum plant populations of
each component crop in pure stands (Karel et
al., 1980). This was considered necessary to
remove any inherent disadvantage which may
occur due to additive models, whereby plant

populations used in the pure stand treatment
result in a total population of the mixtures being
greater than the monocrop causing an excess
carrying capacity of the unit area (Evans,
1960). Therefore, every second row of maize
was replaced by a pair of cowpea rows to
keep the total population in both mono- and
inter-crop constant.

Disease assessment

Ten plants randomly selected from each plot
were examined for disease symptoms. A total
of three disease assessments was made within a
seasonal trial. Each plant showing signs of dis-
ease, no matter how slight or severe, was
tagged each time disease incidence readings
were taken. Data on the incidence and severity
of anthracnose were recorded at intervals of
two weeks, starting from 40 days after planting
(DAP), when symptoms of infection appeared
on the plant. Incidence was rated to be the
number of plants affected, and severity was as-
sumed to be the area of the plant that was
affected (James and Shih, 1974).

Disease incidence was calculated from the
total number of plants examined that had
symptoms of brown blotch. The severity of the
disease on cowpea in the plots was scored on
the 0-5 modified scale of Mukunya and Keya
(1978). A disease severity index was obtained
by multiplying the proportion of plants in each
disease category by the rating of their category,
and adding the products together (Oladiran and
Oso, 1983).

Seeds were harvested from all cowpea plants
in the two central rows per plot to determine
seed weight per plant which was later con-
verted to obtain seed vield in kilograms per
hectare. The seeds were sorted out into ‘clean’
li.,e. free from infection by not being discol-
oured and (or) disfigured] and ‘unclean,” being
otherwise described. They were reweighed and
reconverted to estimate the relative vield losses
due to various treatments.

Data analysis

Data collected were pooled together and aver-
aged over the two years of the experiment for
the three separate seasons because of their
similarity. They were transformed using arcsine.
Statistical analyses of variances (ANOVA) were
carried out separately for each sampling date
and season to evaluate the significance of differ-
ences for incidence and severity values with
Duncan’'s New Multiple Range Test (Gomez and
Gomez, 1984).

Results and Discussion

Symptoms of brown blotch disease were seen
on cowpea in the monocrop and intercrop 35
DAP, about two weeks before the cowpea
started flowering. These were initially tiny local-
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ized tan lesions. They later became enlarged
and merged together forming reddish, later
brown, discolouration on all the aerial parts in-
cluding petioles, leaves, and flower stalks from
where pods were infected. These observations
were similar with those previously described
(Andrus and Moore, 1935; Emechebe, 1981).

Influence of cropping pattern on
incidence and severity

In the first season, the number of cowpea
plants infected (incidence) by brown blotch in
the intercrop was significantly lower than that
observed in the monocrop during the various
sampling times (Table 1). A similar trend was
observed in the other seasons except at 40
DAP, and at 54 DAP in the third season
when values obtained on sole cowpea were sta-
tistically identical with those obtained on
intercropped cowpea. At 68 DAP, there were
reductions in the incidence of brown blotch on
cowpea intercropped with maize of 62.7, 65.2,
and 31.9% in the first, second, and third sea-
sons, respectively, compared to the cowpea
plants in the monocrop.

The effect of cropping pattern on the sever-
ity of brown blotch was not significant at 40
DAP during the three seasons (Table 1). This
shows that at the onset of visible expression of
symptoms, cowpea in both systems was equally
infected by the disease, probably because of
inocula which were carried over in the seeds
from the previous seasons. It has been reported
that the disease is seed-borne (Emechebe,
1981). However, further infection could be
aided by rain-splashing and plant-to-plant contact

Table 1 Mean per cent values for incidence and
severity of Colletotrichum brown blotch of cowpea
by two crogping patterns during the three seasons!

across 1987-88 and 1988-89 cropping years
Incidence (%) Severily {%)
Cropping 40 54 68 40 54 68
pattern DAP DAP DAP  DAP DAP DAP
First season
Intercrop 245ac 365a 472a 78a 315a 425a
Monocrop  30.Bb 694b 768b 387a 625a 705a
Second season
Intercrop 38%9a 3792 55.8a 138a 239a 486a
Monocrop 447a 61.7b 922b 14.1a 770b 837h
Third season
Intercrop 181a 358a 458a 187a 348a 467a
Monocrop 2052 59.1a 604b 30.0a 578a 605hb

'"Three seasons in 1987-88: first season, April-July 1987 sec-
ond season, August-November 1987; and third season, December
1987 - March 1988

DAP, days after planting

Means followed by different letteris) within a column for each
season differ at P < 0.05 (Duncan's Multiple Range Test)

(Westcotts, 1979). As secondary inocula were
produced later in the cropping season, it is
possible that rain-splashing and the proximity of
neighbouring plants enhanced host infection
more in the monocrop than in the intercrop
stands later in the season. At 68 DAP, the dis-
ease was less severe in intercrop than in
monocrop plots; with reductions of 65.9, 41.4,
and 69.4% at 68 DAP during the first, second,
and third seasons, respectively.

The effect of spacing on incidence and
severity

Generally, the effect of inter-row spacing was
significant on both incidence and severity of
brown blotch on cowpea at all sampling periods
except at 40 DAP in the first season when
there was no significant effect on severity (Table
2). The disease was least prevalent and least
severe on plants spaced at 100-cm rows apart,
whereas it occurred most and became most se-
vere on those spaced 50 c¢cm between rows,
especially at 68 DAP. This indicates that the
probability of cowpea becoming infected and
the disease being more severe increased as the
spacing decreased.

Similar observations were made with respect
to the effect of intra-row spacing on brown
blotch of cowpea. Cowpea planted 10 c¢m
apart within rows showed the highest values of
incidence while those spaced at 40 cm showed
the lowest, irrespective of the stage of the
crop’s growth and the seasons (Table 3). It has

Table 2 Mean per cent values for incidence and
severity of Colletotrichum brown blotch of inter-row

spacing during the three seasons' across 1987-88
and 1988-89 cropping years
Incidence {%) Severity (%)
Inter-row
spacing 40 54 68 40 54 58
(cm) DAP DAP DAP DAP DAP DAP
First season
100 180a 331a 441a 135a 212a 425a
75 1942 431b 557 152a 369b 518k
50 2155 526¢ 722 183a 582b 776¢
Second season
100 1722 232a 359a 161a 254a 266a
75 242b 451b 535b 201b 60.2b 44.3b
50 300c¢ 56.1c B833c 219b 634b 86.0¢
Third season
100 139a 275a 406a 66a 90a 130a
75 203ab 37.2b 459b 85ab 125b 265b
50 237b 477c¢ 67.7c¢ 966 246b 420¢

Three seasons in 1987-88: first season, April-July 1987; sec-
ond season, August-November 1987: and third season, December
1987 - March 1988

DAP, days after planting

Means followed by different letteris}) within a column for each
season differ at P < 0.05 (Duncan's Multiple Range Test)
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Table 3 Mean per cent values for incidence and
severity of Colletotrichum brown blotch by intra-row

Table 4 Effect of cropping pattern x intra-row
spacing interaction on the percentage incidence of
brown blotch on cowpea at 54 and 68 DAP in the
first growing season

Cropping pattern

ntiaiton 54 DAP 68 DAP
spacing

{em) Mong- Inter- Differr Mono-  Inter-  Differ-

crop  cop  ence  Crop  crop  ence

40 3.1a 31.1a 50ns 419a 331a 88ns
30 4565 264a 192" 528k 375a 153"
20 603b 383b 220" 744c¢ 533bp 211"
10 658¢ 5H0.0c 158 809c 630c 179

spacing during the three seasons' across 1987-88
and 1988-89 cropping years
Incidence Severity
Intra-row fl %)
spacing 40 54 68 40 5 68
fem) DAP DAP DAP DAP DAP DAP
First season
40 1753 336a 375a 124a 188a 328a
30 183a 360a 451b 141la 252b 519b
20 214b 49.3b 639c l146a 27.2bc 556D
10 213b 529¢ 69.1d 147a 304c 623c
Second season
40 175a 21.3a 283a 1392 245a 265a
30 190a 332b 374b 159b 345b 368b
20 264b 417c¢ 4%96¢c 218b 400c 425¢c
10 32.2¢ 432c¢ 606d 21.8b 462d 486d
Third season
40 169a 350ab 386a 62a 77a 107a
30 179a 329z 471b 9.0ab 121b 16.1b
20 210a 394bc 51.3bc 80b 132bc 187bc
10 98b 149c¢ 213a 207c¢ 425c¢ Hd4c

DAP, days after planting

Mean separation in a column at P £ (.05 {(Duncan’s Muitiple
Range Test)

ns, Not significant; *, significant at P = 0.05; ™, highly signifi-
cant at P < 0.01

Table 5 Effect of croppin
teraction on the severity o
DAP in the second seasons

attern x spacing in-
rown blotch at 68

TThree seasons in 1987-88: first season, April-July 1987, sec-
ond season, August-November 1987; and third season, December
1987 - March 1988

DAP, days after planting

Means followed by different letterls) within a column for each
season differ at P < 0,05 {(Duncan's Multiple Range Test)

been suggested that requisite factors for infec-
tion of cowpea by Colletotrichum species in-
clude humidity, moderate temperature, and
heavy dew (Schwartz and Steadman, 1978).
Schwartz and Steadman demonstrated that
dense foliage favoured reduced air circulation,
promoted higher humidity, prolonged dew peri-
ods, and allowed cooler soil-surface tempera-
tures. Thus, closer plant spacing could enhance
the incidence of brown blotch on cowpea, and
open canopies resulting from wide spacing
could inhibit plantto-plant spread of the disease
and colonization of the host crop by the dis-
ease. Although the effect of intra-row spacing
was not significant on severity at 40 DAP in
the first and third seasons, there was generally
a significant increase in the level of severity at
other sampling periods in the seasons as the
distance between plant stands within a row was
decreased.

Interaction effects on incidence and
severity

Only the effects of inter-row spacing x crop-
ping pattern and intra-row spacing X cropping
pattern were significant on the incidence of
brown blotch at 54 and 68 DAP, and on se-
verity only at 68 DAP in the second season

Cropping patterns
Spacing
{cm) Monocrop Intercrop Difference
Inter-row
100 328a 42a 28.6"
75 413 b 88a 32.5%
50 50.9 ¢ 117 b 39.2*
Intra-row
40 281a 29ab 25 90
30 33.2a 23a 30.9*
20 478b 96¢c 33.2*
10 57.7¢ 18.1d 39.6*

DAP, days after planting

Only means followed by different letter(s] within a column for
each factor differ significantly at P s 0.05 (Duncan's Multiple
Range Test)

** Highly significantly at P < 0.01 (Duncan's Multiple Range
Test)

(Tables 4 and 5). The three-way interaction of
cropping pattern and inter-row and intra-row
spacing was not significant on either incidence
or severity. At 40-cm intra-row spacing, there
was no significant reduction in disease incidence
on cowpea in mono- and inter-crop patterns.
At other spacings, significant reductions occurred
on intercropped cowpea compared to
monocropped cowpea (Table 4). In the
intercropped stands, there was no significant
reduction in the incidence of brown blotch on
cowpea planted at 30 and 40 cm within rows.

Severity consistently increased with decreasing
levels of inter-row spacing of cowpea in the
monocrop but not in the intercrop (Table 5). In
both systems, severity was statistically identical
with cowpea spaced 30 and 40 cm apart in
the row, whereas there was an increase in se-
verity on cowpea spaced 20 and 10 c¢m and
also between 30 and 20 cm within rows.
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Therefore, at closer spacings, there was an in-
crease in the number (incidence) and plant area
(severity) of cowpea plants infected in mono-
than in inter-crop stands. Reasons for this could
be attributed to infection which could occur
more readily among cowpea plants in a
monocropped system than among those in the
intercrop. Intercropping of cowpea with maize
provided wider spacing among the host crop.
At these spacings, the distance between adja-
cent plants could reduce the probability of suc-
cessful spread. Thus, the wider the distance
between the cowpea plants, the less likely the
chances of new plants being infected (Chilvers
and Brittain, 1972).

Influence of cropping pattern and
spacing on seed vield

During the seasons, higher seed yields were
obtained from cowpea in the monocrop plots
than from the intercrop plots (Table 6). Lowest
seed vields were produced by cowpea plants
spaced 100 cm apart while the highest vields
were produced by those spaced 50 cm apart.
Also, lowest vields were obtained from the
plants grown less closely together within the
rows than those grown more closely spaced in
the rows. However, seeds produced from
intercropped cowpea were of better quality than
those from monocropped cowpea. This there-
fore indicates that more seeds from the latter
group were badly infected by brown blotch.
Equally, seeds produced by plants closely spaced

Table 6 Seed yield of cowpea infected by brown
blotch under different cropping patterns and inter-row
and intra-row spacings during three seasons! from
1987 to 1989

Seed vield® (kg ha)
First ~ Second  Third
Treatments Season  season  season Mean
Cropping pattern
Intercrop 3973a 441.2a 3026a 3804a
Monocrop 6338b 6739b 4713b 5930b
Inter-row spacing (cm)
100 490.1a 5329a 3069a 4333a
75 5249b 5609b 4190b 5016h
50 5316b 5789c¢ 4452b 5252¢
Intra-row spacing (cm)
40 4983a 52662 3449a 4566a
30 501.2a 559.8b 38l.8ab 4809b
20 5278b 5626bc 3898bc 4934¢
10 5349b 5812¢ 313c¢ 5158d

First season, April-July: second season, August-November: and
Third season, December-March

2Average of three replications

Means followed by different letter(s) within a column for each
season differ at P < 0.05 {Duncan's Multiple Rarnge Test)

together were of poorer quality, most bemng dis-
figured and discoloured and rendered unmarket-
able and unsuitable for consumption. These re-
sults corroborate those from a similar experi-
ment conducted on anthracnose of cowpea
caused by C. lindemuthianum (Adebitan and
lkotun, 1996). As earlier suggested, the observa-
tion made could be attributable to lower disease
incidence and severity on the intercropped
cowpea and on cowpea less closely spaced to-
gether than it was, on the contrary, to the in-
dividual different cases (Adebitan and Ikotun,
1996).

Conclusion

Brown blotch establishment on cowpea is more
enhanced in the monocrop than in the
cowpea-maize intercrop. Closely spaced cowpea
plants appeared to favour disease spread.
Intercropped cowpea produced fewer but better
quality seeds than monocropped cowpea. Also,
fewer but better quality seeds were obtained
from cowpea widely spaced together than from
those which were closely planted. Thus, wide
spacing should be allowed among the stands of
monocrop cowpea or it should be intercropped
with maize to reduce the incidence and severity
of brown blotch disease on cowpea.
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