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ABSTRACT

In Pakistan, the production of chilli (Capsicum annum L.) crop usually grows under stressed conditions due to a number of pathogens
and mostly fruit and foliar fungal diseases are regarded as responsible for reduced production. For this purpose, eight different
localities of lower Sindh including Hyderabad, Tando Allahyar, Mirpurkhas, Umerkot, Kunri, Samaro, Kot Ghulam Muhammad and
Digri areas were selected for survey of fungal infection as they are the major chilli producing areas of Pakistan. One hundred sixty
samples of infected fruits and foliar parts with fruit as well as without fruit were collected. The stored fruits were also collected from
the markets and godowns of the major storing units of chilli fruit. Eleven fungi including Alternaria alternata, A. solani, Aspergillus
flavus, A. niger, Botrytis cinerea, Cercospora capsici, Colletotirchum capsici, Leveillula taurica and Verticillium spp. were isolated
and identified from the fruits and foliar parts of chilli. The diversity of the fungal assemblages was estimated using diversity indices.
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INTRODUCTION

Chilli is among the world’s most popular vegetable belonging to family Solanaceae (Berke, 2002). Seventy
percent of chilli is produced in Asia (Venkataiah et al., 2003). In Pakistan, during 2004-05 the total cropped area
under chili cultivation was 48700 hectares, producing 90500 tons with an average national yield of 1.9 tons per
hectare. Sindh produces 85% of the chili crop followed by Punjab with 11% (Anon., 2004-05). Two species of
chillies are cultivated in Pakistan viz. Capsicum annum and C. frutescence but the former is most common. Lower
regions of Sindh province including Kunri, Umerkot, Mirpurkhas, Naon Koat and some other towns are main chilli
producing area by in Pakistan. Kunri a small town of District Umerkot is considered the home of red chillies. It
contributes around 85% of Pakistan red chilli production and is known as one of the largest production centers for
red chillies in Asia (Hussain and Abid, 2011). Several abiotic and biotic stresses affect the productivity of chilli crop
worldwide. In addition to fungal, bacterial nematodes diseases and viral diseases are also responsible significant
production constraint affecting both yield and quality and are difficult to control (Nono-womdim, 2001). The
pathogens attack roots, stems, leaves and fruits of pepper plants and cause 70 to 100% yield loss (Liu and Lu, 2003).

Among the pathogenic fungi that cause heavy losses to chilli crop, particularly those causing foliar diseases are
responsible for significant decline in the chilli growing areas of Sindh Province. Fungi isolated from fruits and foliar
parts of chilli were Alternaria alternata, A. solani, Aspergillus flavus, A. niger, Botrytis cinerea, Cercospora capsici,
Colletotirchum capsici, Leveillula taurica, Phytophthora capsici, and Verticillium spp. The objectives of the present
study were: 1) to survey the various filamentous fungi infecting (or just occurring as epiphyte) on the fruits or leave
(phylloplane), 2) to compare the fungal composition of the assemblages on fruits and leaves of chilli in eight
different localities of lower Sindh, and 3) to measure the diversity of the fungal assemblages.

MATERIAL AND METHODS

Collection and isolation of the Pathogens:

The foliar parts of chilli including fruits, leaves and stems showing wilting were collected from the lower
regions of Sindh province including Hyderabad, Tando Allahyar, Mirpurkhas, Umerkot, Kunri, Samaro, Kot
Ghulam Muhammad and Digri from June 2010 to August 2012. The infected samples were cut into small pieces up
to 1.5 to 2 cm and surfaces were sterilized by 1 % Ca (OCI), for 1 min and these pieces were transferred on Potato
Dextrose agar (PDA) medium and Czapek’s agar medium containing anti-bacterial (Penicillin and Streptomycin)
drops. The Petri dishes were incubated for 3 days at 28°C. Infection percentage was calculated with the help of
following formula:
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Identification of fungi:
Isolated fungi were identified using standard references (Ellis 1971;1976; Barnett & Hunter 1972; Nelson
etal., 1983; Domsch et al., 1987; Singh et al., 1991; Sutton, 1980).

. Number of plants infected by a pathogen
Infection % = x 100
Total number of plants

Statistical analysis:

Data were subjected to one-way analysis of variance (ANOVA) using the statsitical software BIOSTAT
developed by one of us (S.S.S) in C++. The post-hoc tests included Fisher’s least significant test (LSD) at P=0.05
and Duncan’s multiple range test (also at p=0.05). The methods employed are those described in Zar (2008). Cluster
analysis was performed by Ward’s agglomerative technique using MINITAB release 11.12.

A number of diversity indices have been proposed to measure diversity (Magurran, 2004). Diversity indices
represent a useful means for quantifying community diversity and have been instrumental in revealing the
microorganism diversity associated with the phylloplane communities (Thomas and Shattock, 1986). Several
diversity indices were employed to compare the mycobiota assemblage of different localities. Various diversity
measures estimate different aspect of community structure. The general species diversity of the fungal communities
was measured by the generally accepted Shannon—Wiener information theory function:

H':'Zpi |Og P; i=1....S

Where H' is the general species diversity and P; the proportion of total number of CFU for fungal species
belonging to the i th species and S equals the total number of species in the assemblage (Shannon and Weaver,
1963). . The general diversity incorporates two components of diversity: species richness, which expresses the
number of species S as a function (ratio) of the total number of individuals N; and equitability that measures the
evenness of allotment of individuals among the species (Magurran, 2004). The equitability component of diversity
was measured in accordance with Pielou (1975):
J=H'"/Hpmx =H"/log S

The equitability index J'is the ratio between observed H’ and maximal diversity H'., The species richness (d,)
was computed in accordance with Menhinick (1964) as follows:
dl =S/ \/ N
Where S equals the number of species and N equals the total number of CFUs.

Dominance concentration (complement of diversity) was measured by using Simpson’s index (Southwood and
Henderson, 2000) as:

D=Y{[n (ni-1)]/ [N(N-1)]} i=1...S

in which n; number of CFU for a fungal species.

For the computation of diversity indices and the dominance concentration, a program package was developed
by one of us (S.S.S.) in C++ and is available at a nominal cost.

RESULTS AND DISCUSSION

Fungi associated with fruits:

One hundred and sixty samples were obtained from eight different localities. The infected pre and post-harvest
fruit samples were also collected. Five fungi were isolated from theses samples of fruits. Result of the present study
showed that isolates Aspergillus flavus, A. niger and Colletotirchum capsici were the pre-dominant ones in that
order with mean values of 61.6, 48.5 and 47.2% respectively than the other species included Alternaria solani and
Alternaria alternata (Table. 1.). All five fungi are known to cause pathogenic activity, i.e., they either cause necrosis
or spots/patches on the fruits.

Table 2 shows the results of ANOVA for the percentage infection on chilli fruits in various localities. All five
fungal species including Alternaria solani, A. alternata, Aspergillus flavus, A. niger and Colletotrichum capsici
showed highly significant differences among localities.

Fig.1 shows the dendrogram derived for the agglomerative clustering of the percentage infection of fruits in
various localities. Basically two groups can easily be recognized, one group of six localities and the other group of
two localities (Kunri and Samaro). The two localities Kunri and Samaro are closely located to one another. This
could be the reason for fungal similarity. In group one also the members of subgroups are generally located in the
neighborhood of each other and are similar in fungal composition.
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Table 1. Mean and Standard error of infection percentage of different fungi isolated from chill fruit at various
localities of southern Sindh.

Isolated Mean percentage and standard error of Fungi Grand

Fungi HYD TAND MPK KGM DIGR _UME _KUN _ SAM __ Mean

SA;}:;ri‘aria' 314219 29+2.66 41+1.34 374225 28436 39+2.32 63221 41+190 38.62+3.94
A alternata  28+1.94 37+1190 30+1.64 20136 174134 20+1.39 26+1.84 20+182 28.12+2.64
ﬁ;ﬁﬁ;gi"us 574515 43+157 67+2.26 524280 62+1.37 69+1.41 78207 65:2.92 61.62+3.83
A. niger 43t129 324130 39+1.04 38+2.08 45:171 51+1.79 71+2.14 69+2.03 48.5:5.08
g;p”s?é?t”m“m 35157 56+2.24 53+1.61 424192 344180 45:1.80 61219 5242190 47.25+3.48

HYD= Hyderabad, TAND= Tando Allahyar, MPK= Mirpurkhas, KGM= Kot Ghulam Muhammad, DIGR= Digri,
UME= Umerkot, KUN= Kunri, SAM= Samaro

Table 2. F ratios derived from ANOVA for infection % of fruits by fungal species in various localities of southern

Sindh.
Species F P LSDy.g5
Alternaria solani 25.96 .001*** 6.174
A. aletrnata 22.13 .001*** 4.48
Aspergillus flavus 16.01 .001*** 7.64
A. niger 69.66 .001*** 4.85
Colletotrichum capsici 25.96 .001*** 5.45

F= F-ratio was obtained from ANOVA tables, LSD=Least sianificant difference at P=0.05

Similarity
-8.64 —
2757 —
63.79 —
100.00 | |
1 5 4 3 6 2 7 8
Observations

Fig.1. Dendrogram of eight different localities based on the prevalence of fungi on the fruit surface of chilli. The
numbers at the base refer to the localities as follows: 1= Hyderabad, 2= Tando Allahyar, 3= Mirpurkhas, 4= Kot
Ghulam Muhammad, 5= Digri, 6= Umerkot, 7= Kunri, 8= Samaro
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Fungi associated with foliar parts:

Six fungi were also isolated from the leaves of chilli. Among these Leveillula taurica, Alternaria solani,
and Cercospora capsici were the pre-dominant ones in that order with mean values of 16.5, 15.2 and 13.2%
respectively while the other species included Verticillium sp., Botrytis cinerea, and Phytophthora capsici (Table. 3.).

Table. 3. Mean and Standard error of different fungi isolated from leaves and stem.

Isolated Mean percentage and standard error of Fungi Grand
Fungi HYD TAND MPK KGM DIGR UME KUN SAM Mean
Alternaria. 12.541.  13.441. 11,142 153+1. 16.7#1. 16.7+¢1. 21.6+1. 18.1+1.  15.2+1.
solani 3 4 T 4 3 7 3 6 1
B_otrytls 66406 95+0.6 12.4+0. 74404  92+05 10.940. 13.9+0. 11.3#0. 9.610.8
cinerea 6 5 5 8 4
Cerc_os_pora 9.940.5 12.740. 12.5+0. 15.2#0. 15.9+0. 9.540 8 19.840. 15.9+0. 13.2+1.
capsici 6 9 5 4 6 6 2
Leveillula 11.5+0. 15+0.6 16.1+0. 16.8+0. 19.7#0. 19.8+1. 20.8+x1. 16.4%0. 16.5+1.
taurica 7 - 6 4 8 3 3 6 0
Phtypphthora 6.140.6 12.7+¢1. 12.2+0. 56+0.6 8.9+0.7 11.1+0.  12.3+0. 10+0.3 95+1
capsici 2 4 3 5

;/;rtlcnllum 9.4+0.6 9.6+05 15408 78+0.6 él.lio. E%)3.810. éS.ltO. éO.?iO. (1)1.1i1.

HYD= Hyderabad, TAND= Tando Allahyar, MPK= Mirpurkhas, KGM= Kot Ghulam Muhammad, DIGR= Digri, UME=
Umerkot, KUN= Kunri, SAM= Samaro

Table 4. F values derived from ANOVA for infection % of leaves by fungal species in various localities.

Species F P LSDg.q5
Alternaria solani 4.75 .0002*** 4.35
Botrytis cinerea 16.11 .000*** 1.73
Cercospora capsici 16.82 .000*** 1.89
Leveillula taurica 11.51 .000*** 2.53
Phytophthora capsici 16.46 .000*** 1.93
Verticillium sp. 0.67 .691ns 14.2

F= F-ratio was obtained from ANOVA tables, LSD=Least significant difference at P=0.05

Table 4 shows the results of ANOVA for the fungal infection percentage on chilli leaves (phylloplane) in
various localities. Five fungal species including Alternaria solani, Botrytis cinerea, Cercospora capsici, Leveillula
taurica and Phtyophthora capsici showed highly significant differences among localities. Whereas, Verticillium spp.
did not show significant difference among localities. All six species are pathogenic on chilli plants.

Fig.2 shows the dendrogram derived for the agglomerative clustering of the percentage infection of leaves in
various localities. Similarly, two groups can be easily recognized, one group of seven localities and the other group
of only one locality (Kunri). The Kunri group is an isolated group as it is remarkably different from the rest of the
localities. In the large group the fungal assemblages are considerably similar probably due to nearness of localities
and similar climatic and weather conditions.

Diversity of mycobiota:

Table 5 shows the diversity measures for the fruit mycobiota in various localities. Although most diversity
indices show closely similar values yet there are subtle differences. General species diversity (H) of Mirpurkhas
fruits showed highest H value while Digri gave lowest species diversity (H). Equitability (J) was found highest for
Mirpurkhas while lowest for Digri. Dominance showed opposite trend to diversity.
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Fig.2. Dendrogram of eight different localities based on the prevalence of fungi on the leaf surface of chilli. The
numbers at the base refer to localities as follows: 1= Hyderabad, 2= Tando Allahyar, 3= Mirpurkhas, 4= Kot
Ghulam Muhammad, 5= Digri, 6= Umerkot, 7= Kunri, 8= Samaro

Table 5. Diversity measures for the fungi occurring on chilli fruits in various localities of southern Sindh. Species

diversity=H, equitablity=J, species richnes=d;, dominance=D

Localities H J d D

Hyderabad 1.575 0.978 0.358 0.210
Tando Allahyar 1.581 0.982 0.356 0.207
Mirpurkhas 1.584 0.984 0.323 0.207
Kot Ghulam Muhammd 1.568 0.974 0.363 0.210
Digri 1.523 0.946 0.366 0.229
Umerkot 1.569 0.974 0.327 0.213
Kunri 1.556 0.967 0.289 0.215
Samaro 1.565 0.972 0.312 0.213

Table 6. Diversity measures for fungi occurring on the chilli leaves in various localities of southern Sindh. Species

diversity=H, equitability=J, species richness=d;, dominance=D.

Localities H J d; D

Hyderabad 1.758 0.981 0.824 0.161
Tando Allahyar 1.774 0.990 0.717 0.160
Mirpurkhas 1.782 0.994 0.679 0.159
Kot Ghulam Muhammd 1.699 0.948 0.744 0.183
Digri 1.744 0.973 0.679 0.171
Umerkot 1.756 0.980 0.679 0.186
Kunri 1.769 0.987 0.600 0.165
Samaro 1.764 0.984 0.670 0.165

Table 6 presents diversity measures for percentage infection of fungal species on the phylloplane of chilli in
southern Sindh. General species diversity (H) was found to be maximum for Mirpurkhas and minimum for Kot
Ghulam Muhammad. Equitability (J) showed the same result as general diversity. Species richness (d;) was highest
for Hyderabad and lowest for Kunri. Dominance was highest for Umerkot while lowest for Mirpurkhas.
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If compared on the basis of regions, the occurrences of the three fungi, namely Aspergillus flavus, A. niger and
Colletotirchum capsici on fruit (that cause spoilage of fruit particularly at post-harvest) were maximum in samples
from Kunri (78%), Umerkot and Samaro (69%) and Mirpurkhas (67%) respectively and the minimum (17%) from
Digri region (Fig. 3) while the occurrences of three fungi in leaves were maximum in samples from Kunri (21%),
Umerkot and Digri (19%) and Samaro (18%) respectively and the minimum (7%) from Kot Ghulam Muhammad
region (Fig. 4).

Hashmi (1990), Mushtag and Hashmi (1997), Nahar et al., (2004), Ahmed et al., (1990) and Hafeez, (1986)
also mentioned that fruit and foliar fungi such as; Alternaria alternata, A. solani, Aspergillus flavus, A. niger,
Botrytis cinerea, Cercospora capsici, Colletotrichum capsici, Leveillula taurica, Phytophthora capsici and
Verticillium wilt are common in different localities of Pakistan and cause diseases of chilli plants thereby reducing
crop yield.

In present study, it is indicated that fruit and foliar parts are commonly infected by different fungi and that
eventually result in heavy losses of chilli yield in the chilli growing areas of Pakistan. But some fungi are
predominant than others. Fruits are significantly infected by various fungi but Aspergillus flavus, A. niger and
Colletotrichum capsici are predominant and more significant than other pathogens. Similarly, Leveillula taurica,
Alternaria solani and Cercospora capsici are recorded as predominant species causing foliar diseases.

It is observed that Aspergillus flavus, A. niger and Colletotirchum capsici extensively and intensively infecting
the fruit of chilli crop. The infection rapidly increased due to many factors such as, infection through godowns that
store chillies, presence of moisture and temperature regimes in the godowns, small storage dumps, and poor
practices of drying chillies openly near chilli fields. In addition to these increased levels of infection may be caused
by winds, gales and dust storms as well as by mechanical vectors.

It is interesting to note that in Karachi, located in southern Sindh, studies on airborne mycobiota (Afzal et al.,
2004 and Rao et al., 2009) have demonstrated that the aerospora is dominated by Aspergillus niger, A. flavus and
Alternaria solani. Thus the atmospheric mycobiota tends to correspond with the chilli phylloplane and fruit-surface
fungal dominance.
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Lower regions of Sindh Province

HYD= Hyderabad, TAND= Tando Allahyar, MPK= Mirpurkhas, KGM= Kot Ghulam Muhammad, DIGR= Digri, UME= Umerkot,
KUN= Kunri, SAM= Samaro

Fig.3. Mean and standard error (S.E) of different fungi isolated from the contaminated fruits.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 10 (1): 109-116, 2013.




FUNGI INFECTING FRUITS AND LEAVES OF CAPSICUM ANNUM L. IN LOWER SINDH 115

5 - El A. solani
B Botrytis cinerea
B Cercospora capsici

20 A @ Leveillua taurica
- B8 Phtyophthora blight
a ® Verticillium wilt
8 ]
= 15 !
= ]
5 ‘
£ 10 qH ik
© F d T
e F B ‘rt*
) . £
[+ £
L £
5 4 . £
[+ 1
. [
o
p.{ EH
£
s kS

HYD TAND MPK KGM DIGR UME KUN SAM

Lower regions of Sindh

HYD= Hyderabad, TAND= Tando Allahyar, MPK= Mirpurkhas, KGM= Kot Ghulam Muhammad, DIGR= Digri, UME= Umerkot,
KUN= Kunri, SAM= Samaro

Fig. 4. Mean and standard error (S.E) of different fungi isolated from the infected leaves and stem
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