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ABSTRACT

Experiments on the effect of plant spacings (60 x 30cm,
60 x 35cm, 60 x 40cm, 60 x 45cm, 60 x 50cm, 60 x 55cm, 60 x 60cm,) or.
the incidence and severity of PVMV disease were conducted for the
period of 1991-1993 at Samaru (Northern Guinea savanna zone). The
wider the spacing, the more the percentage of virus infected plants and
the mean number of alate aphids trapped.

A positive correlation was established between plant spacing and
the following factors: PVMV-infected plants, disease severity and mean
number of alate aphids trapped but a negative correlation was observed
between spacing and fruit yield. Spacing of 60 x 30cm was not desirable
due to lodging and subsequent attack by termites. Therefore plant
spacing of 60 x 35cm is recommended for pepper at Samaru as against the
2arlier recommendation of 60 x 45cm.

INTRODUCTION
Pepper veinal mottle virus (PVMV) is endemic on peppers in Nigeria

(Alegbejo, 1978, 1986 & 1987). A survey conducted in the northern
states in 1977 (Alegbejo, 1978) indicated that the incidence range from
10 to 80 percent in ~armer's fields. Between 1977 and 198~ several
control measures were experimented with.

After reporting Solanum nigrum L. a weed host of PVMV (Alegbejo,
1987), farmers were advised to remove the weed from within and outside
the field. This was only partially successful as few farmers did not
co-operate in timely .weeding . Intercr~pping
pepper with tall crops (Alegbejo and Uvah, 1986b) was effective on
farmers field in reducing the incidence and severity of PVMV, but dry
season farmers did not adopt the technology due to limited land space.
The use of pepper cultivar (TCa 14) resistant to PVMV (Alegbejo and
Uvah, 1986b) was accepted by only farmers growing chilli peppers for
export. Others complained of the small size of the fruits. Chemical
control of aphid vectors of PVMV (Uvah and Alegbejo, 1986) was only
partially adopted by farmers due· to increased cost of production.
Observations made in another survey carried out in September 1990
(Alegbejo, Unpublished data) showed that the incidence had increased to
15 to 90 percent. Yield loss due to the virus ranged from 47 to 67
percent in experimental plots, depending upon the cultivar and time of
trans planting (Alegbejo, 1993). Yield loss in farmers field ranged
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from 40 to 69 percent (Alegbejo, unpublished) It is t.herefors
necessary to evolve more control measures that are relativel~'
inexpensive to check the increasing incidence of the disease.

Storey (1935) quoted observations in East Africa which showed tha~
close spacing of groundnut reduced the incidence of the rosette virus.
Clarke (1937) also observed in Tanganyika (Tanzania) that the incidence
of rosette was more on one row than two rows of groundnut per ridge,
The losses caused by two other virus diseases, curly top in tomatc
(Shapovalov et al., 1941) and yellow-spot in pine-apple caused by
tomato spotted wilt virus (Linford, 1943), were reduced by increasing
the number of plants per unit area. This paper reports the influence
of spacing on the incidence of PVMV and the mean number of alate aphids
trapped.

MATERIALS AND METHODS

A three year study was initiated in the 1991 wet season at Samaru
(ll°ll'N, 07°38'E) which from previous observations had high incidence
of PVMV. Two local pepper (Capsicum spp.) cultivars, Sakarho (chilli)
and L5962-2 (Tatasai) were used. Seedlings were raised on heat-
sterilized soil in an insect-proof glass house in mid-May. At six
weeks '(early July) seedlings were transplanted in the. field. The
experiment was laid out in a split-plot design with pepper cultivars as
sub-plot, and spacing as main plot. There were seven plant spacings
(60 x 30cmi 60 x 35cmi 60 x 40cmi 60 x 45cmi 60 x 50Cmi 60 x SScmi 60
x 60cm) replicated five times. The farmers spacing of 60 x 45 was used
as check.

Aphid traps were set up according to the method of Evans and
Meddler (1966) and Alegbejo (1978). Rectangular plastic trays (inside
painted yellow to attract aphid vectors of PVMV) measuring 30 by lScm
were held about 46cm above ground level against a contrasting
background of hare soil. Each tray was filled to two-thirds level with
a solution containing 98% water, 1.5% teepol (detergent) and 0.5%
formalin (preservative). One tray (Figure 1) per sub-plot was used to
monitor aphid population at weekly inte'rvals.' On each occasion, aphid
count were made and recorded. These were later related to disease
incidence and severity. Number of virus-infected plants per sub-plot
was recorded at 8-day intervals throughout each season starting from
one week after transplanting.

Disease severity scores were rated visually on a 1 to 7 scale
developed by the author,
where 1 No visible symptoms

3 Mild mottling but to leaf distortion and stunting of the
plant

5 Moderate leaf mottling, distortion and slight
stunting of the plant

7 Very severe leaf mottling distortion and general
stunting of the plant.

Fruits harvested weekly from each sub-plot starting from 11 weeks
after transplanting were weighed and recorded. Each year, random
symptomatic samples were taken and tested against antiserum to PVMV
using the method of Nordam (1973). The two-way analysis of variance
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was carried out on each year's data. Standard error of difference
between means (SED) was calculated to facilitate separation of
treatment means which differed significantly at 5 percent level of
probability.

RESULTS
Results of the three years experiments are shown in Tables 1 to 6.

The wider the spacing/the more the number of virus-infected plants and
the mean number of alate aphids trapped. The aphids had earlier been
identified as Myzus persicae (Sulzer), Hysteroneura setariae Them.,
Aphis gossypii Glover, A. craccivora Koch, A. fabae Blanchard,
Rhopalosiphum maidis (Fitch) and Rhopalosiphum sp. (Alegbejo, 1978 and
1986) . There was a positive correlation (P = 0.05) between plant
spacing and the following parameters: PVMV-infected plants, disease
severity and mean number of alate aphids trapped (Tables 2, 4 & 6).
The correlation between plant spacing (Table 2, r = -0.65, P = 0.05;
Table 4, r = -0.63, P = 0.01; Table 6, r = ~0.63, P = Q.05) and fruit
yield was negative. There was also negative correlation between fruit
yield and the following parameters: PVMV-infected plants, disease
severity and mean number of alate aphids trapped (Tables 2, 4 & 6) .

The 60 x 30cm spacing was etiolated, fragile and lodged whenever
there was wind-driven rain. The lodged plants were attacked by
termites during dry spells and after cessation of rains. Although more
aphids were trapped in the chilli pepper sub-plots, PVMV-infected
plants were higher in the tatasai sub-plots. The chilli pepper
(Sakarho) also out-yielded the tatasai (L5962-2) at all the spacings
tested. Diseased plants were clustered around early infected plants.

During the 3-year investigations, the following hosts of PVMV,
Solanum nigrum L. and Physalis micrantha L. were .recorded in and around
~he experimental field. Aphids occurred on both hosts during the wet
season from May to October and into the dry season. Each year, random
symptomatic samples of S. nigrum and P. micrantha that developed
symptoms similar to those elicited by PVMV on these hosts (Alegbejo,
:'978 & 1986) were tested against antiserum to PVMV using Nordam's
1973) method. The weeds tested positive.

Fig 1: General view of the field used for studying
effect of plant spacing on PVMV showing yellow tray
arrangement for aphid trapping.
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Table l: Effect of plant spacing on the incidence and severity of
pepper veinal mottle virus (PVMV)disease and the number
of ~late aphids trapped at Samaru in 1991)

Plant
spacing
(em)

60x30

60x35

60x40

60x45

60x50

60x55

60x60

Pepper
cultivar
(C=chilli
T=tatta
sai

L9562- (T)
Sakarho (C)
L5962-2 (T)
Sakarho(C)
L5962-2(T)
Sakarho(C)
L5962-2 (T)
Sakarho(C)
L5962-2(T)
Sakarho(C)
L5962-2(T)
Sakarho(C)
L5962-2(T)
Sakarho(C)

SED (P = 0.05)

PVMV-
infect-

ed pla-
nts (%)

26.67
10.90
29.21
11.67
32.25
13.33
35.00
14.16
37.50
16.67
41.67
19.27
48.37
15.00

4.95

Number Disease Average
of plant severity of alate

per plot (1-7) aphids
trapped

49
48
50
47
48
49
46
47
49
50
47
48
49
50

3.10

3.36
3.20
3.40
3.49
3.60
3.71
3.98
3.01
4".23
4.20
4.50
5.50
5.18
5.30

0.60

116.00
127.00
137 ;00
145.00
144.00
160.00
161.00
181.00
213.31
230.67
234.30
254.21
261.20
289.50

0.65

Yield
t/ha

3.12
3.25
3.01
3.10
2.94
2.97
2.61
2.67
2.31
2.36
1.90
1.94
1.46
1.51

0.41

Table 2: Correlation coefficients of effect of plant spacing on
the incidence and severity of PVMVdisease and the

number of alate aphids trapped at Samaru in 1991.

Variables Correlation coefficients

Vi Plant spacing (cm) +1.00

V2 PVMV-infected +0.73 +1.00
plants (%)

V) Number of plants +0.45 +0.40 +1.00
per plot

V, Disease severity +0.69 +0.63 +0.50 +1.00

Vs Average of alate +0.70 +0.68 +0.45 +0.68 +1.00
aphids trapped

V6 Yield (t/ha) -0.65 -0.64 -0.65 -0.70 -0.66 +1.00

Vi V2 V3 V. Vs V6

Correlation coefficient (p = 0.05) = 0.61
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Table 3: Effect of plant spacing on the incidence and severity of

pepper vienal mottle virus (PVMV) disease and the number of
alata aphids trapped at Samaru in 1992.

Plant Pepper PVMV- Number Disease Average Yield
spacing cultivar infected of plants severity of alate (t/ha)
(cm) (C=chilli plants per plot (1-7) aphids

T=tatta (%) trapped
sai

-------------------------------------------------------------------
60x30 L5962-2 (T) 27.01 49.00 3.40 120.00 3.05

Sakarho(C) 12.10 48.00 3.31 129.00 3.22
60x35 L5962-2 (T) 30.20 50.00 3.50 141.50 2.95

Sakarho(C) 12.93 47.00 3.52 149.01 2.98
60x40 L5962-2 (T) 33.50 48.00 3.60 153.21 2.70

Sakarho(C) 14.09 47.00 3.67 160.10 2.81
60x45 L5962-2 (T) 36.62 46.00 3.75 172.00 2.35

Sakarho(C) 16.62 49.00 3.92 190.00 2.40
60x50 L5962-2 (T) 39.70 45.00 4.10 200.00 1.90

Sakarho(C) 19.02 49.00 4.32 220.00 1.97
60x55 L5962 -2 (T) 45.20 46.00 4.32 240.10 1.40

Sakarho(C) 22.04 48.00 4.51 261.25 1.57
60x60 L5962-2 (T) 50.05 49.00 4.91 270.10 1.01

Sakarho(C) 24.00 47.00 5.12 297.21 1.10
-------------------------------------------------------------------
SED (P =0.01) 4.01 3.50 0.55 14.50 0.35
---------------------------------------~---------------------~-----

~able 4: Correlation coefficients of effect of plant spacing on the
incidence and severity of PVMV disease and the number of
alate aphids trapped at Samaru in 1992.

Correlation coefficients

:?lant spacing (em) +1.00
:?-.'MV-infected +0.62 +1.00
-==-ants(%)

::~:-:-iberof plants +0.40 +0.38 +1.00
- ..=.. -.- plot

==-.3-2aseseverity +0.61 +0.59 +0.45 +1.00
.>·~::.-ageof alate +0.66 +0.60 +0.50 +0.60 +1.00
~;:-_:dstrapped

. (t/ha) -0.63 -0.61 +0.59 -0.65 -0.61 +1.00--=-:::.

V1 V2 V3 V4 Vs V6
-~=-~=~on coefficient (P = 0.01) = 0.53
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Table 5: Effect of plant spacing on the incidence and severity of
pepper vienal mottle virus (PVMV) disease and the number of
alate aphids trapped at Samaru in 1993.

Plant Pepper PVMV- Number Disease Average Yield
spacing cultivar infected of plaI).tsseverity of alate (t/ha)
(em) (C=chilli plants per plot (1-7) aphids

T=tatta (% ) trapped
sai

-------------------------------------------------------------------
60x30 L5962-2(T) 25.83 50.00 3.33 119.00 3.00

Sakarho(C) 10.80 48.00 3.20 131.10 3.21
60x35 L5962-2(T) 29.17 49.00 3.40 128.40 2.94

Saka~ho(C) 12.50 47.00 3.58 145.00 3.00
60x40 L5962-2(T) 34.17 46.00 3.60 146.20 2.70

Sakarho(C) 13.33 48.00 3.65 157.50 2.81
60x45 L5962-2(T) 37.50 49.00 3.94 161.31 2.60

Sakarho(C) 15.00 47.00 3.03 187.00 2.65
60x50 L5962-2(T) 41.67 48.00 4.21 213.00 2.41

Sakarho(C) 18.33 46.00 4.20 230.00 2.50
60x55 L5962 --2(T) 44.20 49.00 4.50 233.60 1.92

Sakarho(C) 20.83 47.00 4.54 255.00 1.98
60x60 L5962-2(T) 52.50 50.00 5.20 260.10 1.50

Sakarho(C) 24.17 48.00 5.15 315.33 1.61
-------------------------------------------------------------------
SED (P =0.01) 6.21 3.20 0.62 18.12 0.42

Table 6: Correlation coefficients of effect of plant spacing on the
incidence and severity of PVMV disease and the number of
alate aphids trapped at Samaru in 1993.

Variables Correlation coefficients
V· Plant spacing (em) +1.001

V2 PVMV-infected +0.70 +1. 00
plants (%)

V3 Number of plants +0.43 +0.39 +1.00
per plot

V4 Disease severity +0.66 +0.61 +0.48 +1.00

Vs Average of alate +0.68 +0.66 +0.43 +0.66 +1.00
aphids trapped

V6 Yield (t/ha) -0.63 -0.62 -0.64 -0.69 -0.64 +1.00

V1 V2 V3 V4 Vs V6
Correlation coefficient (P = b.oS) = 0.60
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DISCUSSION

More aphid were trapped in the sparsely populated pepper plots
than in the densely populated ones. This is in agreement with the
findings of Kennedy et. al. (1961), Altieri et al. (1978) and Francis
et al. (1978) who reported that homopterans tend to colonize a sparsely
populated crop in preference for a dense one with good ground cover due
to the stimulus of those insects to bare ea;rth and colour as well as
optomotor response to the contrast between bare earth and plants. The
plants in the different treatments were uniformly established.
Therefore each plot in each treatment had a uniform chance of being
colonized by aphids: The observed difference in aphid abundance in the
different pepper plant spacings were likely due to discriminatory
landing by host-seeking aphids in response to plant population.
Similar results were obtained by Booker (1963) and A'Brook (1964, 1968)
with aphids in groundnut fields.

C16se spacing reduced the number of aphid-infected plants and also
PVMV incidence. A'brook (1964) reported that complete ground cover by
groundnut inhibited aphid landing. The same phenomenon is probably
responsible for reduce PVMV incidence in close spaced pepper plants.
The numoer of infective aphids entering the crop was limited.
Therefore increas~d plant population reduced the proportion of pepper
plants that would be infected from outside sources, hence the higher
percentage of PVMV-infected plants in the sparsely populated plots.

The increased yield of the chilli and tatasai peppers obtained by
increasing the plant population was important, economically to a small
scale farmer, even in the absence of PVMV, but the 60 x 30cm spacing
was not desirable due to lodging and subsequent termite attack. The
yield increase obt.aLried at this spacing (60 x 30cm) was less than
expected for the additional number of plants. using the farmers' spacing
(60 x 45cm) as a reference point. Hence' this spacing may not be
desirable in the field. PVMV-infected plants were not distributed at
random within the crop but occurred in group. Evans (1954) attributed
this to wanderings of apterae from initial points of infection caused
by alate bringing disease into the crop. Planting spacing of 60 x 35cm
is recommended for 60 x 45cm. The former will reduce the average of
viruliferous alate aphids entering the plot, the incidence and severity
of PVMV on the crop. If the number of plants per plot is increased
according to this recommendation, the extra income generated by a
higher fruit yield will more than pay for the additional labour needed
to plant and harvest the extra number of plants.
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