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In vitro and field screening of okra cultivars against Fusarium wilt disease
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ABSTRACT: Eleven varieties and thirteen hybrids of okra were screened both in laboratory and field conditions against 
okra wilt caused by Fusarium oxysporum f. sp. vasinfectum (FOV). None of the varieties showed immune-like response 
(SI) and high level of resistance (HR). However, seven varieties showed intermediate resistance (IR), and three varieties 
recorded intermediate susceptibility (IS) reaction. The maximum disease index was recorded in Parbhani Kranti 
(53.57%) followed by Varsha Uphar (53.33%) varieties in comparison to susceptible check Pusa sawani (76.70%). 
In field trial, artificial sick plot was created. Among the okra varieties, Arka Abhay recorded lowest wilt incidence 
(25.62%) followed by Aruna (27.78%). Whereas as, susceptible check Pusa Sawani recorded highest wilt incidence of 
71.49 per cent. Rest of varieties showed on par disease incidence. The data also revealed that rest of varieties showed 
moderate disease incidence with on par with each other in comparison to the susceptible variety. However, Supriya 
hybrid showed moderate susceptible reaction and eight hybrids exhibited susceptible reaction and four hybrids showed 
the highly susceptible reaction.
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INTRODUCTION

 Okra ,   Abelmoschus esculentus Moench, family 
Malva ceae) is an important vegetable crop. and is 
vulnerable to wilt disease caused by the fungus Fusarium 
oxysporum f. sp. vasinfectum (Atk) Snyder & Hansen, 
The genus Fusarium includes saprophytic species, 
as well as plant pathogens, being widely distributed 
through out tropical and subtropical areas of the world 
(Burgess, 1981). The pathogen causes vascular wilt 
in okra and cotton (Cia and Salgado, 1997). The first 
report of Fusarium oxysporum f. sp. vasinfectum was 
occurred in 1935, infecting the cotton variety ‘Texas’ 
in Paraíba State (Silva et al. 2007b). The disease has 
been responsible for significant yield losses in many 
areas where this crop is grown (Silva et al., 2007a). 
The management of Fusarium wilt in Malvaceae hosts 
is very difficult and the main control strategy is being 
the prevent ion of introduction of the pathogen to new 
planting areas. Other disease management methods 
are crop rotation and seed treatment with fungicides 
(Davis et al., 2006).  In the literature, there is a lack of 
information about the worldwide use of okra cultivars 
with genetic resistance to Fusarium wilt. Furthermore, 
new cultivars are continually being released by okra 
breeding programs. Therefore, it would be of practical 
interest to evaluate and characterize the reaction of okra 
varieties and hybrids which are presently available in the 
market to diseases of potential economic threat, such as 
Fusarium wilt. 

Therefore, present study was conducted to evaluate 
(both greenhouse conditions and field conditions) the 
okra germ plasm collections and released varieties aiming 
to identify sources of resistance to native isolates of F. 
oxysporum f. sp. Vasinfectum.

MATERIALS AND METHODS

The okra cultivars were evaluated by two methods viz., 
under controlled and field condition for the identification 
of resistant sources for wilt.

Screening under controlled condition: Eleven 
public sector varieties and thirteen private sector hybrids 
were screened for Fusarium wilt.  Five mm mycelial 
disc of the pathogen was inoculated separately into the 
conical flask and incubated in to 100ml sterilized PDA 
broth for seven days at 25ºC. Later, the mycelial mat 
was removed from the flask and macerated in a warring 
blender along with 100 ml of sterilized distilled water for 
a minute. The inoculum was later collected in a beaker. 
Conidial concentration was estimated and then adjusted 
to 106 conidia/ml. For inoculation, the plantlets (with 
two pairs of fully open leaves of 21 days old) were taken 
and the substrate adhered to the roots was washed using 
sterile water. After that, the root tips (at approximately 
5 cm down from the stalk) were cut with sterile scissors 
and then immersed into the conidial suspension for two 
minutes. After this time, the inoculated plantlets were 
transplanted into plastic bags containing 2 kg of sterile 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
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substrate (mix of 100 L of soil; 200 g of NPK fertilizer; 
100 g of lime; 40 g of ammonium sulphate and 20 L of 
burnt rice husks). After transplanting, 5 ml of the conidial 
suspension was also placed in the soil around the stalks. 

The evaluation was carried out nine days after 
inoculation, when external (yellowing, wilt and leaf fall) 
and internal symptoms (darkening of the veins) appeared 
on the accessions. The internal symptoms were observed 
after cutting the plant stalks longitudinally, with the 
help of a razor blade. An ordinal disease severity scale, 
adapted from Reis et al. (2004), was used to evaluate the 
plant responses. The grades of this scale ranged from 0 to 
4, where : 0 = plants with no symptoms; 1 = plants with 
no symptoms of wilt or yellowing, but with darkened 
vascular bundles; 2 = plants with intensely darkened 
vascular bundles : 3= yellowing and premature leaf drop; 
4 = dead plants.

From the grades, a disease index (DI) was calculated.   
    100.Σ [(f X v)
DI (%) = --------------------------- x 100
    (n X x)
Whereas DI = disease index;   f = number of plants with 
the same grade; v = observed grade,    
n = total number of plants evaluated and x = maximum 
grade on the scale.

The DI data were grouped into classes according to 
the reaction to the pathogen observed in each accession: 
0% = similar to an immune-like response (SI); 0.01-25% 
= high level of resistance (HR); 25-50% = intermediate 
resistance (IR); 50-75% = intermediate susceptibility 
(IS); and 75-100% = high level of susceptibility (HS) 
(Reis et al., 2004).

Table 1. Screening of okra genotypes to F .oxysporum f. sp. vasinfectum under controlled conditions

Variety
Disease

index (%)
Disease 
reaction Hybrid

Disease

index (%)
Disease reaction

Co-1 39.06 IR Adhunik 32.35 IR

MDU-1 51.92 IS Panchali 41.67 IR

Parbhani Kranti 53.57 IS Varsha 51.60 IR

Aruna 32.14 IR Vijay 33.33 IR

Arka Anamika 37.50 IR No.1 32.81 IR

Arka Abhay 29.69 IR No. 7 37.50 IR

Punjab Padmini 42.86 IR No. 8 51.80 IR

Lam 42.19 IR No. 10 42.19 IR

Varsha Uphar 53.33 IS No.11 30.00 IR

Pusa A-4 36.67 IR Nath Shobha 39.06 IR

Pusa Sawani(Check) 76.70 HS Sun Gro-35 54.69 IS

Supriya 28.13

US-7109 53.13

Pusa Sawani

(Check)

78.60
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Screening under field conditions: A total of eleven 
public sector varieties and thirteen private sector hybrids 
were screened in wilt sick plot at CHES, Hirehalli, during 
Kharif 2013-14 and 2014-15. Each cultivars was sown 
in three meter row length. At the time of sowing, giant 
culture of F. oxysporum f. sp. vasinfectum of Tumkur 
isolate (TMK-6) was also incorporated to the soil to 
improve sickness of the soil. Observations on per cent 
wilt incidence were recorded.

The cultivars were categorized into different disease 
reaction as per Anon, 2013.

RESULTS AND DISCUSSION

To identify the sources of resistance, 11 public sector 
varieties and 13 private sector hybrids of okra were 
screened against okra wilt caused by F. oxysporum f. sp. 
vasinfectum under controlled as well as field conditions 

at CHES, Hirehalli during kharif 2013 and 2014 as 
explained in material and methods. 

Screening under controlled conditionsa. 

Among the varieties (Table 1), none of the varieties 
showed immune-like response (SI) and high level of 
resistance (HR). However, seven varieties showed 
intermediate resistance (IR), three varieties viz., MDU-1, 
Parbhani Kranti and Varsha Uphar recorded intermediate 
susceptibility (IS) and susceptible check Pusa Sawani 
showed high level of susceptibility (HS). The maximum 
disease index was recorded in Parbhani Kranti (53.57%) 
followed by Varsha Uphar (53.33%) varieties compared 
to susceptible check Pusa sawani (76.70%).

Among the hybrids, (Table 1)  none showed immune-
like response (SI) and high level of resistance (HR). 
However, eleven hybrids showed intermediate resistance 

Table 2. Screening of okra varieties and hybrids to F. oxysporum f. sp. vasinfectum under field conditions

Variety
Disease

index (%)
Disease 
reaction Hybrid

Disease

index (%)
Disease 
reaction

Co-1 34.12 (35.73) S Adhunik 32.35 (34.66) S

MDU-1 45.05 (42.14) S Panchali 41.67 (40.21) S

Parbhani Kranti 45.83 (42.60) S Varsha 51.60 (45.92) HS

Aruna 27.78 (31.72) MS Vijay 31.33 (34.04) S

Arka Anamika 33.46 (35.30) S No.1 32.81 (34.95) S

Arka Abhay 25.62 (30.40) MS No. 7 37.50 (37.76) S

Punjab Padmini 35.33 (36.36) S No. 8 50.80 (45.46) HS

 Lam 37.60 (37.79) S No. 10 42.19 (40.51) S

Varsha Uphar 40.95 (39.79) S No.11 30.00 (33.21) S

Pusa A-4 30.44 (33.47) S Nath Shobha 39.06 (38.68) S

Pusa Sawani

(Check)
71.49 (58.19) HS

Sun Gro-35 54.69 (47.69) HS

Supriya 28.13 (32.03) MS

US-7109 53.33 (46.91) HS

Pusa Sawani

(Check)

78.60 (62.44) HS

* Figures in parentheses are angular transformed values
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(IR), two  hybrids viz., Sun Gro-35  and US-7109 
recorded intermediate susceptibility (IS) and susceptible 
check Pusa Sawani showed high level of susceptibility 
(HS).The maximum disease index was recorded in 
Sun Gro-35 (54.69%) followed by US-7109 (53.13%) 
hybrids compared to susceptible check Pusa sawani 
(78.60%). Reaction of different varieties and hybrids 
against Fusarium wilt revealed that none of the varieties 
and hybrids showed immune to high resistance. Similar 
studies were conducted by Frederick Mendes Aguiar et 
al. (2013). They reported that about 72 per cent of the 
accessions were classified as having high and intermediate 
resistance to F. oxysporum f. sp. vasinfectum isolate‘Fus-
194’ when screened under glasshouse condition.  
Screening studies of present investigation mainly 
depends on the scale of which internal symptoms are the 
main criteria. A distinctive characteristic of Fusarium 
wilt mainly depends on discoloration of the root and stem 
xylem. However, there is no consensus regarding the 
diagnostic importance of this vascular discoloration for 
evaluation of the host germplasm reaction to Fusarium 
wilt. In support of the above report, Salgado et al. (1994) 
used vascular discolorations as a criterion for judging 
susceptibility of tepary bean seedlings to Fusarium wilt. 

Present studies also indicate that most of the varieties 
and hybrids showed intermediate resistance and 
intermediate susceptibility. These results were confirmed 
with the findings of Drame (2004) who reported okra 
cultivars exhibited intermediate susceptibility with five 
African isolates of F. oxysporum sp. vasinfectum. In the 
present study, the seedlings were considered slightly 
susceptible if they showed internal discolorations even 
though they were free of external symptoms. Thus, the 
seedlings were considered resistant only if they were 
completely free of any internal and external symptoms.  
Present studies are also in agreement with Waheed Akram 
et al. (2014). They studied basal susceptibility of tomato 
varieties against Fusarium wilt by using ten different 
isolates of F. oxysporum f. sp. lycopersici and reported 
that none of the varieties was completely resistant or 
immune against F. oxysporum f.sp. lycopersici. Similarly, 
Chopada et al. (2014) screened ten different tomato 
varieties against F. oxysporum f. sp. lycopersici isolate 
SGFOL-7 and reported that three varieties viz., NS-2535, 
Heamsona and GT-2 were found moderately resistant and 
none of the variety showed complete resistant reaction.

Screening under field conditions: b. 

The disease incidence and yield of 11 public sector 
varieties and 13 private sector hybrids were recorded and 
presented in Table 2.  Arka Abhay recorded lowest wilt 
incidence and highest yield with 25.62 per cent followed 
by Aruna showed wilt incidence of 27.78 per cent. 

Whereas as, susceptible check recorded highest wilt 
incidence of 71.49 per cent. Rest of varieties showed on 
par disease incidence. The soil type, moisture, inoculum 
level and other optimum environmental factors favour 
the disease development. Under these conditions,  it is 
unlikely that any cultivar would have escaped from the 
infection. The present studies are confirmed with the 
findings of Drame (2004), Mahesh (2008) and Iqbal et 
al., (2010). 
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