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Devastative crop losses in Pakistan are commonly due to infections by oomycete organisms, Pythium
spp and Phytophthora spp., at pre- or post-emergence growth stages. Significant research work has not
been conducted to control these pathogens and there are few data reports on disease incidence and
severity in Pakistan. An extensive survey was conducted over two consecutive years in nine major
vegetable-growing districts of Punjab, Pakistan. Data indicated that incidence of Pythium damping off in
chili fields was 45.4% in Okara, followed by 41.6% in Sialkot and 37.67% in Gujranwala. The lowest
disease incidence (DI) (13.8%) was observed in Jhelum district. Maximum mean disease severity (DS)
(3.48%) was recorded in Sialkot while minimum severity (2.16%) was recorded in Chakwal. In tomato
fields, Pythium damping off ranged from 5.9% to 40.13% and severity was as high as 3.53 in Okara. Late
blight infection due to Phytophthora spp. ranged between 9.68% and 66.25% in all surveyed districts.
Maximum mean disease severity on the disease rating scale (DRS) was recorded from Sialkot (4.13%) and

from Okara (3.83%) and the minimum mean disease severity (1.04%) was recorded from Chakwal.

Key Words: chili pepper, Phythium, Phytophthora, tomato, plant disease

Abbreviations: DI — disease incidence, DRS — disease rating scale, DS — disease severity, LAI — leaf area infection, MDI —

mean disease incidence, MDS — mean disease severity
INTRODUCTION

Diseases reduce growth of crop plants by interfering with
normal growth patterns. Pakistan is located between 24°
and 36° North and from 61° to 76° East. It has a
subtropical climate in the warm temperate zone that
provides good vegetable production. However, the
climate also favors the incidence of numerous plant
pathogens. Irrigated plane zones in Punjab province
provide greater support for the rapid perpetuation of
fungal-like agents Pythium spp. and Phytophthora spp.
Chili pepper (Capsicum annuum) belongs to the family
Solanaceae and serves as a valuable vegetable and a spice crop
(Khan et al. 2006). It occupies 20% of the total vegetable
production area. The major producers in the country are
Punjab and Sindh provinces, while relatively small-scale
production occurs in Khyber Pakhtunkhwa (KP) and
Balochistan provinces (Igbal et al. 2012).

Tomato (Solanum lycopersicum) also belongs to the

Solanaceae family. It is grown worldwide and ranked third in
terms of global vegetable production (Javaria et al. 2012).
The tomato fruit serves as a rich source of vitamins A and
C, minerals, dietary fiber and protein. Its fruit can be
eaten raw as fruit or used in salad, or processed as juice
and cooked as paste and sauces (Dairo and Akintunde
2012). The total area under tomato cultivation is ~ 52
thousand hectares with an average country yield of ~ 530
thousand tons (Anonymous 2012).

Chili and tomato crops are affected by a number of
abiotic and biotic yield-limiting factors, with plant
diseases being of prime importance. Chili can be infected
by 83 different diseases including more than 40 fungal
pathogens. Estimated yield losses in tomato due to
pathogens range from 15% to 95 % (Kuku et al. 1996,
unpublished). Some of the major diseases of tomato
include bacterial wilt caused by Ralstonia solanacearum,
bacterial canker by Xanthomonas vasicaforia, tomato leaf
disease, fusarium wilt by Fusarium

curl virus
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oxysporium, early blight by Alternaria solani and damping-off
disease by different organisms such as Pythium spp.
Phytophthora spp. and Botrytis sp. (Dairo and Akintunde
2012).

Damping off caused by Pythium spp. resulted in 90%
plant death either as pre- or post-emergence in nurseries
and under field conditions (Zagade et al. 2012). Collar rot
by Phytophthora spp. is of great importance in chili
(Hussain et al. 2013). Small-scale studies have been done
on damping-off disease in Sindh province (Shahzad and
Ghaffar 1993; Mushtaq and Hashmi 1997; Abdul Haq and
Shahzad 1998; Inam-ul-Haq et al. 2012) but no reports
appear in the literature on disease incidence (DI) and
disease severity (DS) in Punjab province of Pakistan
regarding Pythium and Phytophthora spp. infections.
However, a report on the occurrence of Phytophthora
root rot of peppers from Malakand division (KP province)
is available (Din et al. 2012).

In the present study, a comprehensive two-year field
survey was conducted in major chili and tomato-growing
areas of Punjab Province, Pakistan at the district level and
randomly selected subdivisions/locations level to estimate
the DI and DS due to Pythium and Phytophthora spp.
The information on disease incidence and severity caused
by Pythium spp. and Phytophthora spp. in major
vegetable-growing areas in rainfed and irrigated zones in
Pakistan may help investigators to devise management
strategies to cope with the major production constraints
(Pythium and Phytophthora spp.) in tomato and chili crops.

MATERIALS AND METHODS

Disease Incidence and Severity of Pythium and
Phytophthora spp. on Chili Pepper and Tomato

A comprehensive two-year survey (2014-15 and 2015-16)
was conducted in major chili pepper and tomato-growing
fields in 45 randomly selected villages in nine districts
(Rawalpindi, Chakwal, Attock, Jhelum, Sialkot,
Faisalabad, Okara, Gujranwala and Gujrat) of Punjab in
Pakistan (Table 1). DI and DS of Pythium spp. and
Phytophthora spp. infection on seedling and mature crop stages
were evaluated in 214 fields. From each field, 30 seedlings
were excavated in "z manner
(Gnanamanickam et al. 1999) to record the infection on
roots at seedling stage and leaf area infection (LAI) due to
Phytophthora at late stages. The DS of Pythium spp. infection
was recorded by using a 1-4 assessment scale (Lee and
Hoy 1992) while disease severity due to Phytophthora
spp. infection was recorded (Tables 2 and 3) according to
a 1-6 assessment scale (Hartman and Huang 1995). The
incidence of disease due to each pathogen was
determined by a formula given as follows:

carefully
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DI (%] No. of infected plants X 100
)=
/= Total No. of observed plants

The average DI recorded from each field was taken to
determine the DI at the village level. Similarly, the
average of each village data was taken to calculate the
mean DI at the district level. The mean values obtained at
the district level were compiled together to determine the
overall disease scenario in the Punjab province of
Pakistan.

Isolation of Pythium spp. and Phytophthora spp.

For the isolation of Pythium spp. and Phytophthora spp.
from collected samples, serial dilutions (10 to 10%) were
made in distilled water with the addition of 2% Tween 80
and dilutions were spread on corn meal agar - pimaricin +
ampicillin + rifampicin + penta-chloronitrobenzene
(CMA-PARP modified media), followed by incubation at
25 °C + 2 for culture growth.

Purification and Preservation of Fungal Isolates

After purification by hyphal tip technique on selective
CMA-PARP media and plates, the fungal isolates were
incubated at 25 °C + 2. The isolates were cultured three to
four times to get pure fungal cultures. Following
purification, all the isolates were preserved by taking
fungal plugs in preservation tubes containing distilled
water and were stored at —20 °C.

Virulence Confirmation for the Selection of Most
Pathogenic Isolates of Phytophthora spp. and Pythium
spp-

Pathogenicity tests were carried out on chili (Capsicum
annuum) and tomato plants (Solanum lycopersicum). The
fungal isolates of Pythium spp. and Phytophthora spp.
were cultured on modified CMA media at 25 °C for 7 d
followed by incubation under fluorescent light for 3 d to
induce sporangial formation. One day before inoculation,
the colonies were covered with 20 mL of tap water, and
incubated under light overnight. On the day of
inoculation, petri dishes were placed for 30 min at 4 °C,
followed by 60 min at room temperature to increase
Zoospore.

Statistical Analysis

The average mean DI and DS values from each visited
field were accessed to understand the overall infection at
a particular village. The averages of data obtained from
each village were calculated to determine DI and DS on
the district level. Standard deviation (SD) and standard
error (SE) values were calculated. Error bars were applied
with each value representing the DI and DS in each
village in a particular district. With the disease
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Table 1. Areas visited for the estimation of disease incidence and disease severity due to Phytophthora and Pythi-

um spp. in chili and tomato crops.

Total No. of
District Coordinates Location Fields
Visited
- R R Adyala Jhamra, Kasala, Gorakhpur, Dhok Bawa
Rawalpindi (33.3333° N, 73.2500° E) Adyala, ZTBL Farms, NARC 32
Chakwal (33.6772° N, 72.8558° E) BARI Chakwal, Thoa Bhadar, Dhok Talian, Murid, 20
Walana
Attock (33.7652° N, 72.3571° E) Hazro-Gondal Road, Hattian, Burhan and Hassan 20
Abdal
Jhelum (32.9333° N, 73.7333° E) Kala Gujjran, Mehmoodabad, Phaliyaan and Haji 20
Ayama
34 Chak Amin Pur Bangla Road, 32 Chak,
Faisalabad (31.4181° N, 73.0776° E) Shahbazpur, JK Farms Jhumra, 72 Chak Jhang 40
Road, 61 Chak Jhang Road, Chiniot Road
Okara (30.8014° N, 73.4483° E) Zafar Colony, Okara bypass, 35/2R and 38/2R 20
. o o Francesabad, Kohlu Wala, Marali Wala, Tatli Wala,
Gujranwala (32.1667° N, 73.8333° E) Ghuman Wala and Khyali bypass 20
Gujrat (32.5833° N, 73.7500° E) Tibi Sakhooan, Soak Kalaan, Chakkala and Hinjrah 16
Sialkot (32.5200° N, 74.5500° E) Thoda-Pasrur, kay-Pasrur, Dhilam-Pasrur, Guuna 26

Kalan-Pasrur and Mallokpur-pasrur

Table 2. Disease rating scale (DRS) for the estimation
of disease severity (DS) due to Phytophthora spp.

Table 3. Disease rating scale for the estimation of
disease severity due to Pythium spp.

Plant Response Leaf Area

No. Value Infection (LAI)

1 1-10%
11-20%
21-40%

2
3
4 41-60%
5 61-80%
6

81-100%

No. Value Response
1 Normal health appearance of
roots

2 Slightly infected and with discol-
oration

3 Moderately infected and with

discoloration
4 Severe symptoms

distribution incidence and severity data generated, maps
were produced by ESRI® ArcGIS 10.2 software for
desktop with World Geodetic Survey 1984 (WGS-1984)
projection system.

RESULTS

Fungal Isolates
The isolated and purified cultures of Pythium spp.
and Phytophthora spp. from the infected plants are
shown in Fig. 1.

Incidence of Pythium spp. and Phytophthora spp. on
Chili and Tomato Seedlings

Data were recorded from chili-growing fields of different
districts in Punjab province, which showed variations in
disease occurrence level within the villages and districts.
In Rawalpindi, DI ranged between 10.0% and 28.6% while
the overall 17.7% DI was recorded at the district level.
From chili fields, 45.4% DI was recorded from Okara
followed by 41.6% in Sialkot and 37.67% from Gujranwala
(Table 4). The DI level ranged from 11.1% to 17.2% in
Chakwal, 11.1% to 17.5 % in Attock, and 8.9% to 20.6%
from Jhelum. In Sialkot, the maximum recorded DI was
48.5% from Kay-Pasur, while it was 40.8% from Thoda-
Pasur and 40.4% from Mallokabad. In Faisalabad, the
maximum DI (41.9%) was from 34-Chak, while the
minimum average value (12.8%) was from JK Farms.
From Okara district, incidence averaged between 37.2%
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Fig. 1. Isolated and purified culture of Phytophthora spp.
with Tween 80 (a); isolated and purified culture of
Phythium spp. (b).

and 54.4% while 21.1% to 53.3% was from Gujranwala. In
Gujrat, the incidence ranged between 5.6% and 24.4%
(Table 4). The DS level and DI are graphically
demonstrated in Fig. 2.

Variation in DI of Pythium and Phytophthora spp.
infection of tomato seedlings was also recorded from the
surveyed districts of Punjab province (Rawalpindi,
Chakwal, Attock, Jehlum, Sialkot, Faisalabad, Okara,
Gujranwala and Gujrat). The highest mean DI (40.13%)
was recorded from Sialkot district, followed by 39.15%
from Okara and 31.32% from Gujranwala district (Table
5). The difference in DI was also observed within the
districts. In Rawalpindi district, the maximum incidence
(24.4%) was recorded from Dhok Bawa and the minimum
incidence was observed in the National Agriculture
Research Center (NARC) field areas. From Chakwal
district, DI ranged between 2.2% and 8.95%. From Attock
district, mean DI varied between 12.2% and 17.8%.
Similarly, it ranged between 8.9% and 18.9% in the fields
of Jhelum districts.

From canal-irrigated areas in Sialkot district, the
maximum DI (55.0%) was recorded from Thoda-Pasur,
followed by 40.0% from Mallokabad, while from
Faisalabad district, it ranged between 17.2% and 40.8%.
Minimum DI (17.2%) was recorded from JK Farms and
22.2% from 34 Chak, Faisalabad. In Okara district, DI
ranged between 20.0% and 61.1%, while from Gujranwala
district, the maximum DI (42.2%) was recorded in Marali
Wala, and the minimum (37.8%) in Tatli Wala. In Gujrat
district, DI ranged between 13.3% and 28.9% (Table 5 and
Fig. 3).

The DI due to Phytophthora spp. infection of tomato

Sajjad Hyder et al.

crop was also recorded, and variation in incidences was
recorded at the district level and within the district (Table
6). From the surveyed districts, maximum incidence
(66.25%) was recorded from Okara, followed by 55.63%
from Sialkot and 34.53% from Gujranwala district, while
the minimum incidence was found (9.68%, 15.68%) in
Chakwal and Attock districts, respectively. The variations
in the incidences within districts data indicated that in
Sialkot district, incidence ranged between 53.3% and
57.5% and in Faisalabad, it ranged between 22.5% and
50.0%. From Okara district, the maximum incidence
(80.0%) was recorded from 38/2R, while the minimum
incidence was observed (51.1%) from Zafar colony. In
Gujranwala district, the maximum incidence (40.6%) was
from Francesabad, followed by 40.0% in Tatli Wala and
38.9% in Ghuman Wala, while the minimum incidence
(24.4%) was from Marali Wala, and 30.0% from the fields
near Khyali bypass, Gujranwala (Table 6 and Fig. 4).

Severity of Pythium spp. and Phytophthora spp. on
Chili and Tomato Seedlings

The maximum mean disease severity (DS) was recorded
from Sialkot district (3.48), followed by Gujranwala (3.47),
Faisalabad (3.39) and Okara (3.38) while low severity was
observed in Chakwal (2.16) and Rawalpindi (2.3).
Variation was also found in the villages of the respective
districts. In Sialkot district,
incidence (3.8) was recorded from Mallokabad, followed
by 3.6 in Thoda-Pasur. In Faisalabad, disease incidence
ranged between 2.6 and 3.9, almost similar (2.7 and 3.8) to
that in Okara district. In Gujranwala districts, the
minimum DS ranged between 3.0 and 3.3 in Kohlu Wala,
Khyali Bypass and Marali Wala, while in Gujrat district, it
ranged between 1.7 and 3.3 (Table 4).

In tomato fields, the maximum DS was recorded from
Sialkot (3.53), followed by Gujrat (3.44), Faisalabad (3.43)
and Okara (3.38), while the minimum DS was recorded
(1.70) from Chakwal and (2.18) from Jehlum. Variation in
DS was also observed in district villages, as severity
ranged between 3.0 and 3.7 in Faisalabad district,
followed by 3.0 and 3.8 in Okara (Table 5.). In Gujranwala
district, the maximum severity (3.7) was from Kohlu
Wala, and the minimum (2.7) was recorded from Khyali
bypass. In Gujrat district, the minimum severity (3.0) was
from Soak Kalan and from Purba (3.3) as shown in Table
5.

the maximum disease

DISCUSSION

The GIS mapping of disease incidence and occurrence is a
promising approach, which combines disease reports to
indicate host distribution in the country (Naseem et al.
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Table 4. Mean disease incidence (MDI) and mean disease severity (MDS) due to Pythium damping off in chili crop
in the districts of Punjab Province, Pakistan.

District ArealVillage MDI MDS
Adiyala Jhamra 12.6 £+ 0.83 2.3+0.17
Kasala 28.6 £0.42 25+0.15
Gorakhpur 17.2+£0.49 22+0.17
Rawalpindi Dhok Bawa 25.6£0.88 3.0£0.00
ZTBL Farms 10.0 £ 2.43 1.8+£0.17
NARC 12.2 £ 0.56 2.0+£0.00
Average 17.7+£3.15 23+0.17
BARI Chakwal 11.1+£0.33 2.7+0.33
Thoa Bhadur 13.3+1.00 1.7 £0.67
Chalowal Dho.k Talian 16.1£0.48 2.2+0.31
Murid 17.2+0.87 2.2+017
Walana 13.0 £ 0.54 2.0+0.29
Average 141111 216 *0.16
Hazro-Gondal Road 17.5+0.46 2.2 +£0.27
Hattian 12.6 £0.49 1.8+0.15
Attock Burhan 14.4 £ 1.33 2.7+0.33
Hassanabdal 11.1+£0.67 28+0.17
Average 13.9 £1.38 2.38%+0.23
Kala Gujjran 11.1+£0.67 2.3+0.33
Mehmoodabad 14.4 £ 145 23+0.67
Jhelum Phaliyaan 8.9+0.33 3.0+£0.00
Hiji Ayama 20.6 £0.75 2.7+0.33
Average 13.8 £2.55 2.58£0.17
Thoda-Pasur 40.8 +0.69 3.6+£0.15
Kay-Pasur 48.5 +0.67 3.3+0.24
Sialkot Gunna Kalan 36.7£1.13 3.2+0.17
Mallokpur 40.4 £1.14 3.8+0.15
Average 41.6 £2.48 3.48+0.14
34 Chak 419+0.77 3.8+£0.15
32 Chak 18.9 £ 0.57 3.4+0.15
Shahbazpur 38.1+£0.98 3.9+£0.08
Faisalabad JK Farms 12.8 £ 0.31 28+0.17
72 Chak 36.1+1.51 3.5+0.22
61 Chak 30.6 +0.84 3.7+0.14
Chiniot Road 21.5+0.63 26+0.29
Average 28.56 +4.14 3.39+0.19
Zafar Colony 43.3+1.53 3.7+0.33
35/2R 54.4 +1.76 2.7+0.33
Okara 38/2R 46.7 £ 2.00 3.3+0.67
Okara Bypass 37.2+1.28 3.8+0.17
Average 45.4 + 3.59 3.38+£0.25
Continue on next page...
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Continuation of Table 4
District ArealVillage MDI MDS
Francesabad 49.4 +0.91 3.5+0.22
Kohlu Wala 244 +£1.20 3.0+1.00
Marali Wala 456 +1.76 3.3+0.67
Gujranwala Tatli Wala 53.3+1.15 3.7+0.33
Ghuman Wala 32.2+0.67 4.0+0.00
Khyali Bypass 21.1+1.20 3.3+0.33
Average 37.67 £5.55 3.47£0.14
Tibi Sakhoan 24.4 + 0.67 2.7+042
Chakkala 15.6 £ 0.67 3.3+0.67
] Soak Kalan 18.9£0.88 1.7+0.33
Gujrat
Purba 5.6+0.88 3.0+ 0.58
Hinjrah 21.1+£ 0.67 1.7+0.33
Average 1712 £3.22 2.48 £0.33
Disease Incidence & Severity due to Pythium
Damping off in Chili Crop in various Districts of Punjab
Province, Pakistan
N 2’| Mean Disease A =
W ¢E Incidence : .
1 2_ RAWALPINDI . _;
MDI (%) | 17.7
-1 138 [ 28.56 R B
BALOCHISTAN - 138 - 37.67 FMSALABAD)
) [ 140 I 416 {v
= [17.12 [ 454 =
0 20 40 80 120
- Miles
e e 7 =
s 2| Mean Disease M=
Number of Areas visited Severit
per District y
Dis tricts Areas
Rawalpindi 32 'g— _g
Chakwal 20
Attock 20
Jehlum 20
Sialkot 26 q_ _g
Faisalabad 40
Okara 20 MDS(%) 2.58
jranwala 20 -
T i I 206 [ 33 L
N s
- 2.38 3.47 Lk
- . s [ - | Fig. 2. Mean disease incidence and
Coordinate System: GCS WGS 1984 © 43 [ .48 m\> & mean disease severity due to
Datum: WGS 1984 020 40 80 120 1805 :i_,w‘ Pythium damping off in chili
Units: Degree o o = - — crop in various districts of
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Table 5. Mean disease incidence (MDI) and mean disease severity (MDS) due to Pythium damping off in tomato

crop in the districts of Punjab Province, Pakistan.

District ArealVillage MDI MDS
Adiyala Jhamra 9.6+042 21+0.20
Kasala 11.4 +£0.34 23+0.14
Gorakhpur 9.2+0.39 24 +0.15
Rawalpindi Dhok Bawa 244 +0.88 2.7+0.33
ZTBL Farms 8.3+2.06 23+0.21
NARC 6.7 £0.37 1.5+0.22
Average 11.60 * 2.64 2.22+0.16
BARI Chakwal 2.2+0.67 1.3+£0.33
Thoa Bhadur 5.6 £0.88 1.7+£0.33
Dhok Talian 8.9+0.56 25+0.22
Chakwal i
Murid 6.1+0.48 1.7 £0.21
Walana 6.7 £ 0.37 1.3+£0.17
Average 5.90 +1.08 1.70 £ 0.22
Hazro-Gondal Road 12.2+£0.53 23+0.14
Hattian 17.8 £0.55 26+0.18
Attock Burhan 14.4 + 1.86 2.7+0.33
Hassanabdal 15.0+£0.76 2.3+0.21
Average 14.85+1.15 2.48+0.10
Kala Gujjran 8.9+0.33 2.3+0.33
Mehmoodabad 18.9+0.88 3.0+ 0.00
Jhelum Phaliyaan 11.1 £ 0.67 1.7 +0.33
Hiji Ayama 12.8 £ 0.60 1.7 £0.21
Average 12.93+2.15 218 +0.31
Thoda-Pasur 55.0£0.82 3.5+0.15
Kay-Pasur 36.6 £ 0.87 3.9+0.11
Sialkot Gunna Kalan 28.9+0.76 a3.3+£0.21
Mallokpur 40.0 £ 0.85 34+0.18
Average 40.13 £5.48 3.53+£0.13
34 Chak 22.2+0.71 34+0.18
32 Chak 30.0+0.83 3.5+0.15
Shahbazpur 40.8 £ 0.54 3.7+0.14
) JK Farms 17.2+0.70 3.5+0.22
Faisalabad
72 Chak 255+0.95 3.3+0.33
61 Chak 31.4+£0.58 3.0+£0.17
Chiniot Road 24.4 +0.58 3.6+0.18
Average 27.36 +2.87 3.43+0.09
Zafar Colony 32.2+1.76 3.7+0.33
35/2R 20.0+1.15 3.0+ 0.00
Okara 38/2R 43.3+1.53 3.0 £0.00
Okara Bypass 61.1+1.23 3.8+0.17
Average 39.15+8.73 3.38 £0.22
Continue on next page...
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Continuation of Table 5

District ArealVillage MDI MDS
Francesabad 36.7 £ 0.89 3.5+£0.22
Kohlu Wala 32.3+1.76 3.7+0.33
Marali Wala 42.2+£1.20 3.0+£0.00

Gujranwala Tatli Wala 37.8+1.20 3.3+0.67
Ghuman Wala 21.1+£0.67 3.7+£0.33
Khyali Bypass 17.8 £ 0.88 27+0.33
Average 31.32+3.99 3.32%+0.16
Tibi Sakhoan 26.7+0.77 3.5+0.22
Chakkala 16.7 £1.15 3.7+0.33

Gujrat Soak Kalan 13.3+1.15 3.0+ 0.00
Purba 14.4 £ 0.33 3.3+0.67
Hinjrah 28.9+0.88 3.7+0.33
Average 20.0£3.25 3.44+0.13

Disease Incidence & Severity due to Pythium

Damping off in Tomato Crop in various Districts of Punjab

Province, Pakistan

70 m

Mean Disease v )
W ‘¢E Incidence
S 2 2
4 GUIRAT
MDI (%) 20
| ss 2736 =
I e P 3132 ;FMSAMB;'?)
B 12.93 I 39.15
e 1485 [ 4013 ®
0 20 40 80 120 160
-— Miles
T T T T T
70 7 72 73 74
T0 n ks 73 74
1 1 1 1 1
o 2| Mean Disease E
Number of Areas visited Severit
per District Y
Districts Areas o |
Rawalpindi 32 = -]
Chakwal 20
Attock 20
Jehlum 20
Sialkot 26 sl B
Faisalabad 40
Okara 20 MDS (%) | 3.32
Gujranwala 20 [
= = Bl REN 3.38 i
B 218 [ 3.4
2 e 1
<1 = - Fig. 3. M di it d
§ 2.48 ig. 3. Mean disease severity and mean
Coordinate System: GCS WGS 1984 ™ ‘ . 553 Sfim } disease incidence due to Pythium
e 0 20 40 80 120160 Y damping off in tomato crop in various
Hnits; Degree . - . o ” districts  of  Punjab  Province,
Pakistan.
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Table 6. Mean disease incidence (MDI) and mean disease severity (MDS) due to Phytophthora spp. in tomato crop

production districts of Punjab Province, Pakistan.

District ArealVillage MDI MDS
Adiyala Jhamra 36.7 £ 0.88 2.7+0.17
Kasala 32.5+0.75 3.8+0.13
Gorakhpur 37.5+1.18 28+0.13
Rawalpindi Dhok Bawa 30.0+1.15 4.0+0.00
ZTBL Farms 30.0 £4.47 25+0.22
NARC 15.0 £ 0.67 1.5+0.22
Average 30.28 +3.33 2.88 £0.37
BARI Chakwal 0.00 £ 0.00 0.0 £0.00
Thoa Bhadur 0.00 £ 0.00 0.0 £0.00
Dhok Talian 25.0 £ 0.67 1.8+0.17
Chakwal i
Murid 16.7 £ 0.58 1.5+0.22
Walana 6.70 £ 1.00 1.9+0.39
Average 9.68 £ 4.90 1.04 £0.43
Hazro-Gondal Road 14.4 £ 0.76 23+0.33
Hattian 23.3+1.32 3.0+£0.29
Attock Burhan 10.0 £ 0.58 2.0+0.00
Hassanabdal 15.0 £ 0.67 1.5+0.22
Average 15.68 £2.78 2.20 £ 0.31
Kala Gujjran 20.0 £ 0.58 2.0+0.00
Mehmoodabad 12.2+0.88 3.0+0.00
Jhelum Phaliyaan 17.8 £0.33 2.0+0.00
Hiji Ayama 20.0+1.34 1.5+0.22
Average 17.50 £ 1.84 213 % 0.31
Thoda-Pasur 57.5+£0.99 43+0.13
Kay-Pasur 53.3+0.50 4.0+0.29
Sialkot Gunna Kalan 55.0 £ 2.01 4.5+0.22
Mallokpur 56.7 + 0.50 3.7+044
Average 55.63 £0.93 413+ 0.18
34 Chak 36.7 £ 0.82 3.3+£0.17
32 Chak 22.5+0.41 2.0+0.21
Shahbazpur 32.5+0.99 2.8+0.25
. JK Farms 50.0 £ 1.34 45+0.22
Faisalabad
72 Chak 40.0 £ 2.68 4.0 £0.00
61 Chak 27.5+0.75 2.5+0.26
Chiniot Road 23.3+0.50 1.7+0.17
Average 33.21+3.74 297 £0.39
Zafar Colony 51.1+£1.20 3.0+£0.00
35/2R 58.9+1.76 3.3 £0.33
Okara 38/2R 80.0 £ 0.58 5.0£0.00
Okara Bypass 75.0 £ 0.67 4.0+0.45
Average 66.25 £ 6.76 3.83+0.44
Continue on next page...
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Continuation of Table 6

District ArealVillage MDI MDS
Francesabad 40.6 +1.28 28+0.17
Kohlu Wala 33.3+1.15 3.7+0.33
Marali Wala 24.4 +0.67 3.0+ 0.00

Gujranwala Tatli Wala 40.0+£1.15 2.0 £0.00
Ghuman Wala 38.9+1.20 3.7+0.33
Khyali Bypass 30.0+£1.15 3.0 +0.00
Average 34.53 £ 2.65 3.03+£0.26
Tibi Sakhoan 31.1+1.23 28+0.17
Chakkala 22.2+0.33 2.7+0.33

Gujrat Soak Kalan 11.1£0.88 2.0+0.00
Purba 10.0 £ 0.00 2.0+0.00
Hinjrah 21.1£0.67 2.3+0.33
Average 19.10 £3.90 2.36£0.17

Disease Incidence & Severity due to Phytophthora spp.
in Tomato Crop in various Districts of Punjab Province,

Pakistan
70 n 2 n 74
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2016). In this study, a field survey in most important chili-
and tomato-growing areas of nine major districts of
Punjab province in Pakistan was conducted to estimate
the DI and DS due to Pythium spp. and Phytophthora
spp. The recorded data on selected parameters reflect
variations in DI at the district level, thus variation was
also observed at the subgroup level.

The genus Pythium belongs to class Oomycetes
consisting of over 120 different described species that
occupy terrestrial and aquatic habitats (van der Plaats-
Niterink 1981; Dick 1990). Pythium spp. can survive in the
soil as a saprophyte, on plant parts and can also attack
young succulent plant parts (Hendrix and Campbell 1973;
van der Plaats-Niterink 1981; Krober 1985). Phytophthora
spp. also belongs to the same family and consists of
about 60 species in the genus, which attack a wide variety
of agricultural important crops around the globe.
Phytophthora cinnamomi is a single species, which can attack
about 1000 host plant species (Erwin and Ribeiro 1996).
Numerous studies on Pythium spp. have been carried out
in various parts of the world but less work has been done
so far on the occurrence of Pythium spp. in Pakistan
(Malik and Khan 1944; Ahmed 1956; Mira and Qureshi
1978; Shahzad and Ghaffar 1993; Abdul-Haq and Shahzad
1998; Lodhi et al. 2004).

There is no report or data available regarding
Pythium and Phytophthora spp. disease incidence and severity
from Punjab province-Pakistan (Lodhi et al. 2004).
However,
distribution of Pythium aphanidermatum in the Sindh
agro-ecosystem as well as isolates that have been
obtained in high frequency from different sources and
locations. Susceptibility of the chili crop to the various
diseases caused by Phytophthora was reported from
Lower Sindh, Pakistan (Ahmed and Igbal 1989; Saleem et
al. 1996; 1998; Hussain et al. 1990; Hussain et al. 2013). No
report is available on incidences and severity.

Our results indicated that in terms of maximum
disease incidences, 45.4% was observed from chili-
growing fields at the seedling stage in Okara district,
followed by 41.6% in Sialkot districts and 37.67% from
Gujranwala district while from tomato fields, maximum
(40.13%) disease incidence was observed at the seedling
stage of tomato crop. Pythium spp. resulted in 90% plant
death either at pre- or post-emergence stages (Sowmini
1961). In a study conducted on the occurrence of
Phytophthora root rot on pepper crop in Peshawar and
Malakand divisions in KP province-Pakistan, high
catastrophic disease distribution to complete crop
destruction has been reported (Din et al. 2012). The
current research also reflects the same picture of the
disease with high DI and DS level. We observed variation

there are reports on occurrence and

Sajjad Hyder et al.

in DI and DS level, which indicated that the variation in
DS may be due to numerous factors, e.g. field location,
adopted management strategies, irrigation, used cultivar
and level of inoculum. Our results also indicated that
maximum DI and DS was recorded from the plane areas
of Punjab province where a canal irrigation system is
available with frequent supply of water and extensive
cultivation is practiced.
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