Pak. J. Bot., 52(5): 1793-1802, 2020.

PATTERN OF POST-HARVEST FUNGAL INFESTATION ON VEGETABLES STORED
IN VARIOUS VEGETABLE MARKETS OF KARACHI

UZMA SITARAL, MUHAMMAD ABID?, FAISAL HUSSAIN? SUNDUS RIAZ! AND FAIZA ANWAR!

'Food Quality & Safety Research Institute, Southern Zone Agricultural Research Centre, Karachi-75270, Pakistan
2Department of Botany, Dr. A.G. Lab of Aerobiology and Plant Pathology,
Federal Urdu University of Arts, Science & Technology, Gulshan-e- Igbal Campus, Karachi, Pakistan
*Corresponding author's email: uzmasitara@yahoo.com

Abstract

We isolated and identified 17 genera and 25 species of fungi from five vegetable crops including Bitter gourd (Casia
Momordica), Garlic (Allium sativum), Okra (Abelmoschus esculentus), Onion (Allium cepa) and Potato (Solanum
tuberosum) from five major vegetable markets of Karachi viz, Gulestan e Johar, Landhi, Nazimabad, New Sabzi Mandi and
Saddar Empress Market. Among all isolated fungal flora; the fungi A. niger, Rhizopus stolonifer, Colletotrichum
gloeosporioides, Botrytis cinerea and Fusarium oxysporum were the most common species causing the post-harvest decay
of the target vegetables. Blotter paper method yielded more number of mycoflora with higher frequency over the agar plate
method. In pathogenicity test, Aspergillus niger showed the highest rot diameter of 40.33mm on onion while it appeared as
the lowest rot diameter of 7 mm on okra. The higher fungal infestation (34.84%) was recorded on vegetables that were
stored or sold in Sabzimandi and the least fungal infestation (3.63%) was found on vegetables stored n Landhi. Vegetables
are an essential part of our diets, therefore, we must keep our vegetables clean and free of diseases. Thus we surveyed a few
large vegetable markets in Karachi to identify post-harvest mycoflora associated with various commonly used vegetables in
our diets. We used blotter paper as well as Potato Dextrose Agar (PDA) methods to isolate and identify the fungal species
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infecting vegetable crops.

Key words: Vegetables, Mycoflora, Pathogenicity, Blotter paper method, PDA method.

Introduction

Pakistan produces a large variety of vegetables
including but not limited to onion, potato, tomato, okra,
bitter gourd, eggplant and garlic that are cultivated in
diverse climatic conditions. In Pakistan during the year
2016-2017 the total vegetable cultivated area was101197
hector for Kharif crop and 159902 hectors for Rabi crops
vegetables (Anon., 2016-17).

The fungal species are the most predominant
pathogens causing major losses to fresh vegetables during
storage and transportation (Amadi et al., 2014; Onuorah
& Ifeany, 2015). Approximately 20-25% of the harvested
fruits and vegetables also decay by the attack of
pathogens during post-harvest handling (Zhu, 2006).
Pathogenic fungi alone cause 10-30% vyield reduction of
major crops. Fruit and vegetable markets are known to
contain different species of fungi. Atmospheric air
contains many pathogenic fungi that settle on the surface
of fruits & vegetables (Vermani & Hussain, 2014,
Tsukamoto et al., 2018). Fungi Aspergillus, Botrytis,
Colletotrichum, Fusarium, Geotrichum, Gloeosporium,
Monilinia, Mucor, Penicillium & Rhizopus are known the
causal agent of blue mold, grey mold, bitter rot, black
mold, Fusarium rot & Phoma rot on post-harvest
vegetable crops. Fungal infestation is very common on
vegetable crops in all most all parts of the world (Umesh
& Kakde, 2012; Masood, 2013; Kahramanoglu et al.,
2018; Sobia et al., 2016; Goel et al., 2018). Common
post-harvest diseases resulting from wound infection.
Pathogenic fungi associated with post-harvest potato tuber
rot are Alternaria solani (early blight), Rhizogospora
subtranea (powdery scab), Fusarium roseum & Fusarium
solani (Fusarium rot) and Helmenthosporium solani (skin
blemishes) (Akinleye et al., 2013; Rukaia & Gherbawy,

2013; Markson et al., 2014). Fungal species have also
been reported as disease agents of onion and garlic
worldwide. For instance; Colletotrichum spp., Fusarium
spp., Botrytis spp., Aspergillus spp caused soft rot, brown
rot, basal & neck rot (Daniel et al., 2012; Bashir et al.,
2013; Ushasri & Kumar, 2018). A total of 15 genera and
29 species of fungi were isolated from bitter gourd
collected from different areas of Pakistan (Sultana &
Gaffar, 2007).

This study was aimed to identify the fungal flora;
responsible for post-harvest rot, associated with five
vegetable crops including Bitter gourd (Casia
momordica), Garlic  (Allium  sativum), Okra
(Abelmoschus esculentus), Onion (Allium cepa) and
Potato (Solanum tuberosum) collected from five major
markets in the areas of Gulestan e Johar, Landbhi,
Nazimabad, New Sabzi Mandi and Saddar Empress
Market in Karachi, Pakistan.

Materials and Methods

Collection of samples: One fifty Samples each of bitter
gourd, garlic, okra, onion, and potato and showing the
symptom of deterioration and rotting like were collected
from five major markets of fruits & vegetables in
Karachi. Infected and non-infected samples were
separately kept inside the clean plastic bags, transferred
to the laboratory and stored in a refrigerator (5+1°C)
until mycological analysis.

Mycological analysis (Isolation techniques): The fungal
mycoflora were isolated by using the Agar Plate Method
(APM) and Standard Moist Blotter Method (SMB) as
recommended by International Rules for Seed Health
Testing Association (1993).
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Isolation of fungi by Agar plate method

Isolation of mycoflora from surface sterilized samples of
vegetables: The samples of vegetables were surface
sterilized with 5% sodium hypochlorite (NaClO) solution
in a sterile beaker for 1-2 minutes and cut into small pieces
(1-2 cm). The disinfected vegetable pieces were transferred
with sterile forceps into Petri plate (five pieces per Petri
plate) containing PDA, (each vegetable sample contained
four replicate), PDA was supplemented with 1mg
chloramphenicol/L to restrict bacterial growth. Plates were
incubated at room temperature at 28+2°C for 5-7 days.

Isolation of mycoflora from non-sterilized surface
samples of vegetables: The non-sterilized samples of
vegetables were cut into small pieces (1-2 cm) and
transferred with sterilized forceps into Petri plates (five
pieces per Petri plate) that contained sterilized PDA.
There were 4 replicates of each treatment. All plates were
incubated at 28+2°C at room temperature for 5-7 days.

Isolation of fungi by Blotter paper method

Isolation of mycoflora from sterilized surface samples
of vegetables: The samples of vegetables were surface
sterilized with 5% sodium hypochlorite solution in a
sterilized beaker for 1-2 minutes and then washed with
distilled water 3X. Samples of vegetable were cut into
small pieces (1-2 cm) then transferred onto three layers of
moist blotter paper in sterilized plate by using sterilized
forceps, 5 pieces per Petri plate at equal distance (each
sample contained four replicates), Petri plates were
incubated at 28+2°C for 5-7 days; after incubation, the
samples were examined under the microscope.

Isolation of mycoflora from non-sterilized surface
samples: Five pieces of non-sterilized vegetable samples
were placed on the layer of moist blotter paper that was
kept on a sterilized Petri plate. The plates were incubated
at 28+2°C for 5-7 days; fungi developing on vegetable
samples were examined and then transferred to PDA slant
for further identification.

Identification of fungi: Isolated fungi were identified
using cultural and morphological features illustrated by
Barnet & Hunter (1998), Booth (1971) & Ellis (1971).

Pathogenicity test: To determine the pathogenicity of the
isolated fungi, freshly harvested uninfected vegetables
have been used for the pathogenicity test (lwuagwu et al.,
2014). We followed the same procedures. We used 85%
ethanol in water to surface sterilized healthy vegetables.
Then a 3mm cork borer was used to obtain discs of the
mycelium of each identified fungus from the periphery of
the 4 to 5 days old PDA culture. These discs were placed
in the wound made on a healthy tissue of the test product
of vegetables with a cork borer. The rim of the wounded
vegetables was sealed with petroleum jelly to prevent
contamination. The produce of vegetables was left for 5 to
7 days at 28+2°C at room temperature. After incubation,
the sample of vegetables was examined for any symptom
development. For the control, sterile PDA disc was used
on the wounded surface of the produce.
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Statistical analysis

The data were analyzed by Analysis of variance
(ANOVA) using one way ANOVA SPSS 23 version
(IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp)
(Shaukat & Siddiqui, 2005; Ahmed & Shaukat, 2012).

Results

Incidence of post-harvest fungi by blotter paper
method: We isolated 17 genera and 25 species of fungi by
using the blotter paper method. The isolated genera were
identified as  Aspergillus, Alternaria,  Botrytis,
Colletotrichum, Chaetomila, Curvularia, Cladosporium,
Drechslera, Fusarium, Gloeosporium, Macrophomina,
Monilinia, Mucor, Phoma, Penicillium, Rhizopus &
Urocystis (Table 1).

Six genera and 7 species of fungi viz., Aspergillus
niger, A. fumigatus, Botrytis cinerea, Colletotrichum
distructum, Fusarium oxysporum, Rhizopus stolonifer and
Urocystis cepulae were isolated from rotten vegetables
from Gulestan e Johar vegetable market (Table 1). Four
fungal species were isolated from onion; 3 fungal species
were isolated from okra, potato & garlic and 2 fungal
species were isolated from bitter gourd (Fig. 1). In
Nazimabad, vegetable market, 4 genera and 5 species of
fungi were isolated, whereas 7 genera and 10 species were
recorded for the Landhi vegetable market. In Empress
market of Saddar; total 15 genera & 20 fungal species were
isolated from vegetables found in Sadar Empress Market
and total 17 genera and 24 fungal species were isolated
from sabzi mandi; out of which 8, 10, 10, 11 & 13 fungi
were recorded on okra, garlic, onion, potato & bitter gourd
respectively (Fig. 1). A. niger and R. stolonifer were found
common in all vegetables and accounted highest mean
values in blotter paper method (Table 1).

Incidence of post-harvest fungi evaluated by Potato
Dextrose Agar method: Twenty-three fungal species
belonging to 16 genera were isolated from the rotten
samples of vegetables from all five vegetable markets by
PDA method (Table 2). Six fungal species were isolated
from Gulestan-e-Johar market; out of which 3 fungi were
reported from okra, potato and onion, 2 fungal species
were isolated from garlic & bitter gourd. From
Nazimabad, vegetable market, 4 genera and 5 fungal
species were reported. Six genera and 9 species of fungi
were isolated from the vegetable market of Landhi. In
Empress Market of Saddar, 15 genera and 19 species of
fungi were identified; the species of Chaetomella, C.
lunata, F. solani, Gloeosporium & P. digitatum were
isolated only from bitter gourd (Table 2).

The highest numbers of fungi were isolated from
Sabzi Mandi, the main vegetable market of Karachi. A
total of 16 genera and 22 species of fungi were isolated.
11 fungal species were reported on potato,10 on garlic &
bitter gourd, 9 on onion & 8 on okra, were recorded (Fig.
2). The highest fungal colonies were obtained by blotter
paper for all non-sterilized vegetable samples whereas the
lowest number of fungi was recorded on PDA for
sterilized samples of all vegetables (Fig. 3).



1795

FUNGAL INFESTATION IN VARIOUS VEGETABLE MARKETS OF KARACHI

0TIFIT 0'6¥6 g G 0 0 0 0 0 0 0 0 luejos "o
SEvFL T€%S 0 0 0 0 GT 0T 0z GT 0 0 wnaodsAxo wntresn4
81976 8'v¥9 0 0 0 0 0T g Gg T4 0 0 WINJONISIP WNYILII0I8||10D
0'ETFET 0'6%6 g9 G 0 0 0 0 0 0 0 0 eleun| eLenAIND
0'0T¥0T 0'8+8 0S oy 0 0 0 0 0 0 0 0 dds ejjawolseyd
19°€F6 v'Z¥9 0 0 0 0 Gl 01 qT 0T Gl 0T ealauId snhnog reppeS .
/G'8%9T 8'9¥2T 0 0 0 0 0T g (Y7 Ge T4 0C ejeulale 'y
V¥ 0'€¥e 0z qT 0 0 0 0 0 0 0 0 1UE|0S eLIeuIR)Y
0'€¥e 0'2¥C 0 0 0 0 aT 0T 0 0 0 0 snpipues 'y
g TTF6T 0'8¥€T 0 0 s 0 0 0 0 0 oy Ge snae|} 'y
T2'6%ST 0'8¥ET 0 0 0 0 Ge 0 (1] Ge 0 0 sna.al 'y
9£'8¥05 (k=44 0L g9 0L 0S 0 74 oy Ge oy Ge J18b1u "y
02I¥¢T 0TF0T 0 0 09 0 0 0 0 0 0 0 ae[ndao snskooin
0'8%8 027, 0 0 0 0 oy Ge 0 0 0 0 ©130 BWOYd
0'€¥e 0'2¥C 0 0 0 0 0 0 qT 0T 0 0 eutjosseyd eurwoydoioe
WA §'G¥6 0 0 0 0 0¢ 0C 0¢ 14 0 0 wnaodsAxo wntiesn4
GEeIF8T 9 TIFHT 0z 0T 0L 09 0 0 0 0 0 0 sisusiiemey eJa|syosiq ypUE .m
0'9¥€E 0'9¥52 G oy 0S oy ¥4 a1l ¥4 Gl 0z aT saplolodsosolb o
0'8%8 0.7, 0 0 0 0 0 0 oy Ge 0 0 WINJONJISIP WNY211I038]|100
0'€¥Fe 0'2¥C 0 0 0 0 0 0 0 0 Gl 0T snAe|l Y
L'STFlC  STIF¢C 09 0S 09 0S qT 01 0 0 0 0 sne.la) 'y
19°'6¥2S ¥'GFGY 09 g 09 a§ g G a§ G 0 74 196Uy
LT8FYT G /FTT G oy 0 0 0T g a7 0T 0 0 Jajiuojols sndoziyy
0'9%9 0'vFy 0 0 0 0 0 0 0 0z 0 0 euljosseyd euiwoydosoe
0'9%9 V¥ 0 0 0 0 0 0z 0 0 0 0 wnJodsAxo wnuesng  peqewizeN g
€ST¥9C  v'ZIFee oy Ge 08 g9 0 0 0 0 01 0T snae|} 'y
T2IFY  v'TIF0V g9 09 08 0L qT 0T 0S oy T4 (114 196Uy
0'6TF¥6T  O'LIFLT 0 0 g6 a8 0 0 0 0 0 0 ge[ndaso snskooun
eCIFIy  8'TIFCE 09 0S 08 0L qT 01 Y4 Gl T4 qT Jajiuojols sndoziyy
£YF9 T'EFS 0 0 0 0 qT ) 0C qT 0 0 wnJodsAxo wniresn4 ol
8vFL 6'CF 0 0 0 0 01 g 74 GT 0 0 WIDNASIP WIYILIORNI0D _ encoiney T
0vFYy 0'€¥e 0 0 0 0 0 0 0 0 0z qT BaJauId sphnog
T'8TF¥6E  8VIFEE 09 s g6 Gl 0 0 0 0 oy Ge 186 'y
09TF9T  02I+FT 0 0 08 09 0 0 0 0 0 0 sneBiwny snjibiadsy
1S'N 1S 1S'N 1S 1SN 1S 1SN 1S 1SN 1S 1SN 1S
.- poyleW g poyeW g poyleW g poyew g poyeW g 16uny Jo swreN| semeoo | ON
FSF U panob Janig uolp J1|4e9) 01e10d zITe) s

‘poylaw Jaded 1s130|g uo 16UN) JO AN[A UBAW PUB 39UIINII0 94 ‘T 9|geL



poylaw Jaded Jenojg =poyiaw ‘g ‘pazijLIBls-UoN =1S'N ‘pazijiuaIs =1S

UZMA SITARA ET AL.,

€'e¥ee  L7¥8T  ¥¥SZ  £€F0C  LTFOT  £TFL ZFeT LTFOT  9TF8  €T1%9 uesin
OETFET  0°0TF0T 0 0 G9 0S 0 0 0 0 0 0 ae[ndao snskooln
TIFEY 9YTFYE 08 0L 08 0L 0C 01 (114 0T Gl 0T Jajiuojols sndoziyy
0'vFy 0'€Fe 0 0 0 0 0C qT 0 0 0 0 130 BWOYd
0'.FL 0'vFy Ge 0C 0 0 0 0 0 0 0 0 wnsuedxe d
WES) 0'vFy 0 0 Ge 0z 0 0 0 0 0 0 wnyenbip wnifjoiued
7CI¥0C O TIFST 05 o 0S G 0 0 0 0 0 0 SNSOW32e. J0dN|A
8vFeT 6SEF8 0 0 0 0 0C qT (114 Gl 0Z 0T ©]00110N.} BIUI|IUON
68778 9'€¥9 0z ol 0 0 0 0 0z qT 0 0 euljosseyd euiwoydosoey
0%, 0979 e 0 0 0 0 0 0 0 0 0 "dds wniiodsoso|9
veLFeT §'6¥6 0 0 0 0 0 0C 0¢ T4 0 0 luejos ‘4
0'6¥S 0'vFy 0 0 0 0 0 0 74 0z 0 0 wniodsAxQ wniesn4
£8'G78 8'eTs 01 g 0 0C 0 0 0 0 0 0 sisualiemey eJs|syoalq IpUBA 1Zges 'S
0¥IF¥T  00TF0T 0L 0S 0 0 0 0 0 0 0 0 eleun| eleInAIND
L9°€F9 v'eFy 0 0 0 0 Gl 0T Gl 01 0 0 LINJONJISIP WNY2L1018][0D
95'G¥6 9'€¥9 0 0 0 0 o1 qT 0z Gl 0 0 saploliodsope|d wniiodsope|d
0'6¥1¢ L'9¥9T oy 0¢ or 0¢ 0 0 0 0 T4 0z  s9p1o1i0dsos0|f WNydLI018][0D
0TIFIT 0'8+8 s oy 0 0 0 0 0 0 0 0 dds ejjswolseyd
T9'GFET 0'v¥6 0 0 0 0 74 q1 Y4 0z Gl 0T eaJBUId snAilog
ST6¥6T L'1FST 0 0 0 0 Gl 01 o or Ge GZ eleus)fe 'Y
0'8¥€T 1°970T 0 74 G 74 0 0 0 0 0 0 1UE|0S eLIewIR)Y
0'v¥6 A4 0 0 0 0 0C 01 0T g Gl 0T snpipued "y
9'21¥0¢  0'0TFST or 74 09 0S 0 0 0 0 0 0 snyefiwny 'y
06°0¥E2C 0'8¥.LT oy 0 g oy 0 0 0 0 0z Gl snAe|l Y
96'/¥99  60°G¥6S a8 0L G8 0L 09 0S 0§ 09 0S 14 J1ab1u ‘sn|ibsadsy
0'ETFET 0'6¥6 0 0 q9 o 0 0 0 0 0 0 ae|ndao snskooln
STTFEY 8'/¥¢e¢ 0L 0S 0L 0S qT 01 0 T4 0 Y4 Jajiuojols sndoziyy
0'e¥e 0'2¥C 0 0 0 0 qT 01 0 0 0 0 e18q ewoyd
0'979 0'GFS 0g 74 0 0 0 0 0 0 0 0 wnyenBip wnifjoluad
LETF0C  LTIFLT 0 74 0L 09 0 0 0 0 0 0 SNsowade. J0dN|A
L9°EF6 v'Z¥9 0 0 0 0 Gl 0T Gl 01 GT 0T ©]00119N} BIUI|IUON
¥1'G¥8 T€FS Gl 0T 0 0 0 0 o1 qT 0 0 eurjosseyd eurwoydoioe
0'L%L 0'9%9 Ge 0 0 0 0 0 0 0 0 0 "dds wnriodsos0|9
1S'N 1S 1S'N 1S 1SN 1S 1SN | 1S 1SN | 1S 1S'N 1S .
.- poyleW g poyIeW g poyleW g poyew g poyeW g 16uny jo swen| semeoo | ON
ST U panofb Janig uolp J1|4e9) ojejod en0 s

1796

‘(‘pauo)) ‘T s|qeL



1797

FUNGAL INFESTATION IN VARIOUS VEGETABLE MARKETS OF KARACHI

0'6%6 (\WE) Gy Ge 0 0 0 0 0 0 0 0 luejos "4
T'€¥S 02 0 0 0 0 0T g ST 0T 0 0 wniodsAxo wntresnd
0'G¥S 0'vFy 0 0 0 0 0 0 T4 0z 0 0 LNJONJISIP WNYI1A033][0D
0'0T¥0T (WE) 0S Ge 0 0 0 0 0 0 0 0 ejeun| eLEINAIND
0'8%8 (\WEY) or Ge 0 0 0 0 0 0 0 0 dds ejjawoiseyd
729 1€ 0 0 0 0 0T g 0T g 0T g eaJaUuId snAilog Jeppes v
YT LFTT 0'976 0 0 0 0 0 0 G 0 0z qT efeuls)fe ellewIR)Y
07y 0'2¥C 0 0 0 0 0z 0T 0 0 0 0 snpipues 'y
LFL 0'G¥S 0 0 0 0 0 0 0 0 G Ge snael} 'y
95'G¥6 0'9%6 0 0 0 0 0z qT T4 0 0 0 snaulal 'y
§'6¥y G'8¥GE 59 09 G9 0S5 0z qT 0€ T4 0 Ge 196Uy
0TIFIT 0'8+8 0 0 s or 0 0 0 0 0 0 ae|ndao snskooln
(WE] 0'979 0 0 0 0 Ge 0 0 0 0 0 €18 ewoyd
0'2¥C 0T+l 0 0 0 0 0 0 0T g 0 0 eurjosseyd eurwoydoioe
9'€¥9 0'v¥9 0 0 0 0 qT 01 ST 0z 0 0 wnJodsAxQ wniesn4
VOFLT 0vFeT oy 0 0 0 aT 0T G1 0T aT 0T saploriodsosolb "D 1ypue €
0'G¥S 0'9%9 0 0 0 0 0 0 T4 0 0 0 LNJONJISIP WNYI1A1033][0D
0'2¥C 0T+l 0 0 0 0 0 0 0 0 0T g snae|} 'y
6L6FYT L'8¥TT 0S 17 0 0 0z 0T 0 0 0 0 snaulal 'y
T9'G¥8E  9'GFEE 0S Gy 0S 1% Ge 0 Ge 0 0z o7 J9biu "y
0L°9%6 8'S¥. Ge 0 0 0 0 0 0T g 0 0 Jaj1uojois sndoziyy
02 0'€¥e 0 0 0 0 0 0 0T ST 0 0 euljoasseyd euiwoydoioe
0vFy 0'€¥e 0 0 0 0 0z GT 0 0 0 0 wniodsAxo wnuesn4  peqewizeN Z
7RI YTTF8T 0 5z G9 09 0 0 0 0 0T g snaey} 'y
€CI¥SE  YTIFEE 09 s 0L 69 GT 0T GT T4 Gl 0T J9b1u "y
0'6T¥6T  0'8T¥8T 0 0 G6 06 0 0 0 0 0 0 ae|ndao snskooln
L'0T¥8Z  L'0T#€EZ or Ge g9 09 01 g q1 0T 01 g Jajluojozs sndoziyy
9'€¥9 0'¢¥e 0 0 0 0 qT g qT (1)1 0 0 wniodsAxo wnisesn4 JeOr-5-UEISaINS 1
0'Z¥C 0'T+T 0 0 0 0 0 0 0T g 0 0 WNJonJIsIp Wnyd11038] 100
0'e¥e 0'2¥C 0 0 0 0 0 0 0 0 qT 0T eaJauId snAilog
GITFVE  9'9TFIE Gy oy G6 06 0 0 0 0 0 74 JaB1u sn||1Bsadsy
1SN 1S 1SN 1s 1SN _ 1s 1SN _ 1S 1SN 1S 1SN 1S
'S FUBS poylsw vad poylew vad poylsw vad poylew vad poylew vad 1Buny Jo BweN|  sa[edoT | 'ON 4S
pinob Janig uolup hI[113) 0Je10d eno

‘poylaw (reby asoa1xa@ 01810d) WAd Uo 16uny JO anfeA ueaw pue a2ualanado 94 'Z 9jgel



UZMA SITARA ET AL.,

1798

PazZI|LIRIS-UON =1S'N 'PazI|LAIS =1S

8C¥8T  VIFT  SERT TERT SZT¥8 60¥S  GT¥6  €TF8 £TF9 0TFS uesiy
0'9%9 0'6¥S 0 0 0 T4 0 0 0 0 0 0 ae|ndao snskooln
ETFEE 0'€T¥8¢ G9 09 G9 09 qT 0T 0T g 0T g J8j1uojos sndoziyy
0'C¥C 0T+l 0 0 0 0 0T g 0 0 0 0 18 ewoyd
0'vFy 07¥C 0 0 0z 01 0 0 0 0 0 0 wnyedBip wnifjo1usd
68'7¥8 9'€¥9 0z Gt 0C GT 0 0 0 0 0 0 SNsowaoes J0oN|A
8YFIT 0'€¥. 0 0 0 0 T4 qT Gt 0T GT 0T ©]00110N4} BIUIIUO
0'Z¥C 0'T+T 0 0 0 0 0 0 01 g 0 0 eutjosseyd euiwoydoloey
0'9%9 0'6¥S 0€ T4 0 0 0 0 0 0 0 0 ‘dds wn110dso30[9
L9°€F9 v'TFy 0 0 0 0 oT 0T GT 0T 0 0 luejos 4
0'€¥e 0'2¥C 0 0 0 0 0 0 Gl 0T 0 0 wniodsAxo wntresn
0TTIFIT 0'6%6 6§ 1 0 0 0 0 0 0 0 0 ejeun| eLURINAIND  IPUBIA 1ZqeS 'S
vy TEy 1% 0 0 0 0 0T g 0T g 0 0 LNJONJISIP WNY21A1033][0D
v'ZFy 1% 0 0 0 0 0T g 0T g 0 0 saploriodsope|d wniodsope|d
6'9¥9T 9'€¥6 5z ST Ge GT 0 0 0 0 0z GT  S9pI0110ds0a0] 6 WNYLII038]|0D
0'8%8 (e oy Ge 0 0 0 0 0 0 0 0 dds ejjawolseyd
6E'€¥8 7'Z¥9 0 0 0 0 aT 0T q1 0T 01 0T BaJ8UId snAulog
1€°/797 8'G¥eT 0 0 0 0 qT 01 5¢ 0 0 0z ereusale 'y
878 v'TFy 0z 01 0z 0T 0 0 0 0 0 0 1UB[0S BLIRUIRYY
16'2%9 8T+ 0 0 0 0 qT 0T g g 0T g snpipues 'y
L 8FYT G676 0 0z oy T4 0 0 0 0 0 0 snyefiwny 'y
L'9¥rT Sv¥6 0 0z 0 0z 0 0 0 0 0T g snaey} 'y
9£'8¥05 7’879y 0L 69 0L 09 0 0z oy 0S oy Ge 191Uy
0'0T¥0T (e 0 0 0S Ge 0 0 0 0 0 0 ae|nda snskooln
VA4 D 4 09 or 09 oy 0T g GT 0T Gl 0T Jaj1uojois sndoziyy
0'vFy 0'CFC 0 0 0 0 0z 0T 0 0 0 0 18 ewoyd
T'€¥¢ 0Z%C Gt 01 0 0 0 0 0 0 0 0 wnyenBip wnifjoued
L6777 87T 0z GT 0S or 0 0 0 0 0 0 SNsowsoe. 0N\
6'2¥9 A4S 0 0 0 0 0T g g 0T Gl 0T ©]0010N4} BIUIIUO
T'€¥S 0'z¥e 01 g 0 0 0 0 Gt 0T 0 0 eutjosseyd euiwoydoloey
0'9%9 0vFY 0¢ (114 0 0 0 0 0 0 0 0 "dds wniiodsoa0(9
1SN 1S 1SN 1S 1SN 1S 1SN _ 1S 1SN _ 1S 1SN 1S
'S TURON poylsw vad poyew vad poylsw vad poyew vad poylew vad 1Buny Jo aweN|  sam[ed] | 'ON IS
U‘_som J911g uoluQ e 0)e10d e0O

‘(‘pauo)) ‘z s|qeL



FUNGAL INFESTATION IN VARIOUS VEGETABLE MARKETS OF KARACHI 1799

Incidence of total no.of fungi Incidence of total no.of fungi

% mean infection of fungi

30

25

20

15

10

25

20

15

10

30

25

20

15

10

Okra

Okra

Blotter paper method

mGulistan e Johar BNazimabad ELandhi ®Saddar B Sabzi mandi

Onion Potato Garlic Bitter gourd Total no of fungal
species

Fig. 1. Incidence of fungi on Blotter paper method.
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We noted a higher percentage of fungal infestation on
vegetables stored or sold in Sabzi Mandi vegetable
market, whereas the other vegetable markets including
Saddar, Gulestan-e-Johar, Nazimabad & Landhi showed
lower fungal infestation (Fig. 4). Figure 5 shows a higher
incidence of fungi on various vegetables.

Pathogenicity of fungal isolates: Pathogenicity test
indicates that the isolated fungal species from five
vegetables were pathogenic because they were able to
produce the same damage in healthy vegetables when
they were re-inoculated. Of all fungal species, A. niger
was found to be highly pathogenic whereas M. fructicola
was found to be least pathogenic to all vegetable tested,
however, C. distructum showed pathogenicity to potato
only (Table 3).

Discussion

In this report, we have isolated and identified 17
genera and 25 fungal species that were found on rotten

okra, onion, potato, garlic & bitter gourd collected from
five different vegetable markets of Karachi. We applied
two different procedures to determine the efficient
method for fungal isolation.

Our study indicates that Aspergillus, Rhizopus,
Botrytis, Colletotrichum & Fusarium may be involved in
the post-harvest rot of vegetables. Our result was in well
agreement with those previously recorded by Fatima et
al., 2009 have also reported the presence of eight genera
of fungi viz., Aspergillus, Cladosporium, Geotrichum,
Alternaria, Fusarium, Phytophthora, Penicillium and
Drechslera on the rotten vegetables collected from the
vegetable market of Karachi however in our study we
isolated seventeen genera of fungi.

We isolated 7 fungal species including A. niger, A.
flavus, A. candidus, A. alternata, B. cinerea, C.
gloeosporioides, M. fructicola & R. stolonifer from rotten
okra; Aspergillus niger was found dominated species
However, Sharma et al., 2013 identified 11 fungal species
from okra. In their report, Aspergillus species were found
to be the most common species. Aspergillus niger, A.
flavus, Rhizopus spp., Mucor spp., F. oxysporum and M.
phaseolina have been reported to cause fruit rot, root-rot
and seed rot in okra (Fagbohun & Faleye, 2012; Zahoor et
al., 2012; Rahim & Dawar; 2015). We found A. niger, R.
stolonifer, F. oxysporum & C. distructum to be the
dominant fungi on potatoes. Interestingly, Ibrahim et al.,
2014 also isolated A. niger, A. flavus, Penicillium spp., M.
racemosus, F. oxysporum and A. alternate from potatoes.
Kumar et al., 2014 reported A. niger & F. oxysporum
remained the more dominant species on potatoes. Fiers et
al., (2010) also reported the most represented fungi of
potatoes belonging to the genera Alternaria, Fusarium,
Rhizoctonia and Penicillium in France. We isolated 13
fungi including F. oxysporum, R. stolonifer, A. niger, A.
terreus, C. gloeosporioides, P. beta, A. candidus, B.
cinerea, C. distructum, M. fructicola, A. alternata, C.
cladosporioides and F. solani from garlic. Ghangaonkar
2013 also found A. niger and F. oxysporum causing severe
infestation on garlic during storage in India We isolated A.
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fumigatus, A. niger, R. stolonifer, U. cepulae, A. flavus, A.
terreus, C. gloeosporioides, D. hawaiiensis, M. racemosus,
Alternaria solani & P. digitatum infesting onion. It is
interesting to note that U. cepulae which caused smut
diseases in onion, were extensively found from 4 vegetable
markets except Nazimabad. We found that A. niger was the
most common fungi on rotten samples of onion in this
study. Our data is in agreement with Abdulsalam et al.,
2015 who reported that A. niger had the highest percentage
distribution in rotten onion bulb. Penicillium spp. infecting
onion was also reported by Ibtasam & Bajwa (2014) from
Pakistan. On bitter gourd, 17 species we isolated 17 fungal
species including B. cinerea, R. stolonifer, A. niger, A.
flavus, A. terreus, C. gloeosporioides, D. hawaiiensis, A.
solani, Chaetomella spp., Curvularia lunata, F. solani,
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Gloeosporium spp., M. phaseolina, M. racemosus, P.
digitatum & P. expansum from bitter gourd. Jianghua &
Jiang (2015) also isolated Cladosporium, Fusarium &
Penicillium species on fruit bitter gourd in China. We
found that blotter paper method yielded more fungal
growth that PDA method. The frequency of fungal species
associated with post-harvest rot of vegetables greatly
depends on the detection methods. Blotter paper method is
more economical and provides reliable results (Fakhr-un-
Nisa et al., 2006; Dhekle & Bodke, 2013). Mari & Anusree
(2015) observed that the incidence of postharvest fungi is
greater in blotter paper method than the PDA method.
Sobia et al., (2016) reported that blotter method yielded
more number of mycoflora with higher frequency over the
agar plate method.

Table 3. Pathogenicity of fungal isolates.

Sr. No. |Name of fungi Rotin diameter (mm)
Okra Potato ‘ Garlic ‘ Onion | Bitter gourd

1. Colletotrichum gloeosporioides 11 33.0 10.66 26.66 18.33

2. Colletotrichum distructum 0 36.33 0 0 0

3. Botrytis cinerea 5.33 25 12.66 35 11.33

4, Rhizopus stolonifer 7.66 31.66 14.66 31 21.33

5. Aspergillus niger 10 21.33 20.68 40.33 20

6. Monilinia fructicola 7 17 8.66 18 13
Table 4. F-ratio derived from ANOVA for all treatments. Conclusion

Source F-ratio P-value
Vegetables 240.527

Localities 8.373

Treatment 51.998

Fungi 30.042 0.000
Replicates 11.451

Localities *vegetables 15.876
Localities*fungi 4.620

The analysis of variance to compare blotter paper
method and PDA method at 0.01 level showed a
significant difference at all levels (p<0.001). Interaction
between localities & vegetables and fungal pathogen &
locality were also found highly significant different at
all levels (Table 4). Different genus of fungi was
isolated from five rotten vegetables in five Karachi
vegetable markets. In all markets, especially in Sabzi
Mandi, it is observed that careless handling of
vegetables was the main reason for the deterioration of
vegetables as well as increase in temperature causes skin
breaks and increasing water loss which provides sites for
fungal infection in vegetables. All the dominated fungal
spores recovered from the infected vegetables collected
from the vegetable stock in five vegetable markets. The
presence of such mycoflora in the vegetable of Karachi
markets indicates that the fungi already present in the
field from where these vegetables are transported. Some
vegetables can be infected with airborne fungi by the
market environment. There is a need to develop good
storage facilities to prolong the shelf life of vegetables
and avoid preventing fungal infection.

Overall, blotter paper method is better than PDA
method. Fungi can change the nutritious value of
vegetables by producing enzymes. It can lead to
economic losses. In our study, the majority of the
destructive microorganisms were pathogenic. A. niger
and R. stolonifer occurred most as the spoilage
microorganism. It is concluded that proper management
should be adopted to protect the vegetables from decay.
Vegetables in markets should not be subjected to long
soaking, spraying or washing with contaminated water.
Physical damage to the vegetable should be avoided
because they cause an entry point of microbes.
Unhealthy and contaminated vegetables should be
separated from healthy produce and disposed of properly
to avoid further contamination. An advisory service
must assist farmers and post-harvest handling staff to
ensure high quality and toxic-free vegetables.
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