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Abstract. Chickpea (Cicer arietinum L.) is the third most significant crop grown in Pakistan. This crop is
a rich source of protein and carbohydrates. In developing countries, civilians are facing dietary protein
shortage problems due to limited resources. Animals’ products, including beef, fish, meat and eggs are
major sources of proteins which are too expensive to buy for the poor. In Pakistan, it is mostly cultivated
in arid/semi-arid areas of the Thal region of Punjab province. These areas are totally dependent on rainfall
for water requirements. Fortunately, chickpea is a drought tolerant crop but some biotic factors are also
involved in low production of chickpea crop. Gram wilt disease is one of the major threats to this crop.
Considering the current situation, it is necessary to develop sustainable management strategies. This study
was planned with the aim of long-term management strategies against fungal pathogen associated with
wilt disease including determination of resistant resources among the available genetic material, among
three biocontrol agents Trichoderma harzianum showed maximum inhibition under in vitro and in vivo
conditions and among ten chemicals, score showed maximum inhibition of Fusarium spp. which was
followed by Topsin M and Baviston under in vitro and in vivo conditions.
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Introduction

Chickpea (Cicer arietinum L.) is a nutritive pulse crop that is grown under arid and
semi-arid conditions worldwide (Millan et al., 2006). Legume crops enhance the
fertility of soil by fixing the atmospheric nitrogen with the help of rhizobia which are
present inside the nodules. Soybean, pea, bean, alfalfa, clover and chickpea are included
concerning legumes. Legumes play important roles in several factors like salt tolerance,
nitrogen fixation and soil fertility (Graham and Vance, 2003). Chickpea fulfills 80% of
nitrogen requirement of crop and fixes 140 kg air nitrogen/hectare through symbiotic
relationship with rhizobia, and is the major source of nitrogen for the consequent crops.
Chickpea also increases organic matter in soil and results in the long-standing fertility
of soil and plays a vital role in the sustainability of the ecosystem. Chickpea has now
specialty in to the restaurants and health shops. It is now used in occasional stuffs in
restaurants and has widened its range. Kabuli chickpea is an obligatory part of bean
salad and salad bars in North America. Chickpea’s huge amount is mainly used for
several types of dishes in Mediterranean region, India and Burma. Mostly vegetarians
use chickpea as food intake. Almost ninety percent losses in the yield are caused by root
based diseases as well as by pathogens like fungi (Zamani et al., 2004: Haware, 1990;
Sharma and Muehlbauer, 2007). Pathogenic fungi that affect roots include mainly
Fusarium oxysporum, Macrophomina phaseolina, Fusarium solani and Rhizoctonia
solani. The pathogens remain active even in the absence of its host for a period of more
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than six years although they are seed borne (Haware et al., 1996; Ayyub et al., 2003).
Fungal diseases are causing more disaster in chickpea crop due to the production of
constant mycotoxins. Therefore, to reduce the chickpea disasters, it is necessary to
control the fungal growth (Yan et al., 2015). Fusarium wilt is a serious disease of
Pakistan, Nepal, Burma, Spain and Maxico. Chickpea wilt causes 61% damage at
seedling stage and 43% at flowering stage (Nema et al., 1973). This disease causes 10-
50% loss in chickpea production in Pakistan every year (Khan et al., 2002). Seeds of
early wilted crop are lighter in weight and have dull appearance as compare to healthy
crop (Haware and Nene, 1980). During reproductive and vegetative stage, chickpea wilt
causes complete destruction of grain production (Navas et al., 2000). The pathogen of
chickpea wilt disease mainly spread through soil in plant and can also be transmitted
through seed. This pathogen survives in soil for six years without host (Haware et al.,
1986). Fusarium oxysporum is difficult to control but resistant varieties are used for this
purpose. Resistant varieties become susceptible to new races of pathogen after few
years due to which this management strategy is difficult to use. Because the pathogen
remains viable for long period of time and preparation of new resistant variety takes
time to enter in market and losses becomes obvious. So, use of fungicides is most
suitable for Fusarium wilt management (Gupta et al., 1988).

Materials and methods

Chickpea fields were visited in Thal region of Punjab, Pakistan for finding the diseased
plants infected with Fusarium spp. associated with chickpea roots. Fusarium spp. were
isolated from diseased sample and were stored in double ionized distilled water for further
studies and most aggressive isolate after pathogenicity and molecular characterization was
used for implementation of management strategies. For the completion of all experiments,
field, greenhouse and laboratories of the department of plant pathology and CABB in the
University of Agriculture, Faisalabad was used in 2017-2018.

Chickpea germplasm collection for resistance/susceptibility evaluation

Collection of chickpea varieties from seed agencies and from local markets was done
to find out the most resistant cultivars (that can be used by farmers to get more
production by growing these varieties in field). These varieties were under examination
for two years. These plants were inoculated with Fusarium spp. and resistance of
chickpea varieties was observed. 10 ml inoculum was added in soil near root zone of
plants and these plants were stored in greenhouse at 25 °C for 3 weeks. Data was
recorded after 1%, 2"@ and 3" week of inoculation in green house.

In vivo and in vitro management of Fusarium spp. by using fungal antagonists:

Three fungal antagonists Trichoderma harzianum, Trichoderma viride and
Trichoderma virens were evaluated against Fusarium spp. associated with chickpea wilt
by using dual culture technique (Atta et al., 2009). In petri dish containing PDA, 9 mm
culture of both Fusarium spp. and antagonists were placed in petri dish at the distance of
5mm from the edge of plate and control plate had only fungal pathogen. Three
replications of each treatment were used with one control. Experiment was repeated three
times. These plates were incubated at 25 + 2 °C. Data was recorded after 24, 48 and 96 h
of inoculation. Following formula was used for percent inhibition (Vincent, 1947):
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C
Percent Growth Inhibition (PI) = % 100

where: C = Colony growth in control plate; T = Colony growth in treated plate.

In vivo evaluation of fungal antagonists (Trichoderma harzianum, Trichoderma
viride and Trichoderma virens) was done under greenhouse conditions against most
virulent Fusarium spp. soil was treated with these antagonists at the concentrations of
1 x 108 cfu/ml, 1 x 10 cfu/ml and 1 x 10%* cfu/ml before one week of inoculation of
Fusarium spp. Cultures were prepared on PDA. Four treatments were used with three
replications. Culture suspension 1 x 107 cfu/ml of Fusarium spp. was prepared for
inoculation of soil and was applied by using soil drenching technique in the greenhouse.

In vivo and in vitro management of Fusarium spp. by using fungicides

In this experiment 10 different systemic and contact fungicides were used with 3
replications and 1 control. Ten fungicides Score, Topsin M, Baviston, Chlorothalonil,
Stump, Big Time, Champion, Velvet, Curzate M8 and Co-oxy were checked out against
Fusarium spp. by using Poison Food Technique (Nene and Thapliyal, 1982). These ten
fungicides were evaluated at three concentrations (100, 150 and 200 ppm):

flg'_ Chemical name | Trade name Active ingredients Mode of action| Formulation Magou;i:;ﬁ;lng
1 Score Score Difenoconazole Systemic 250 sC Syngenta Pakistan
2 Topsin-M Nativo Trifloxystrobin + tebuconazole Systemic 75%WG Bayer Pakistan

3 Baviston Baviston Carbendazim Systemic 50%DF KANZO

4 | Chlorothalonil | Chlorothalonil Chlorothalonil Contact 75%WP Synenta Pakistan
5 Stump Stump Propineb Contact 70% WP FMC

6 Big Time Big Time Mancozeb, Dithane M-45 Systemic 80% WP Arysta Life Science
7 Champion Champion Copper hydro oxide Contact T7%WP Jaffar Agros

8 Velvet Velvet Fosetyl-aluminium + mancozeb Systemic 80% WP Welcone

9 Curzate-M8 Curzate-M8 Mencozeb + cymoxanil Protective 72.5%WDG | Arysta Life Science
10 Co-oxy Co-oxy Copper oxychloride Contact 50% WP | Swat Agro Chemicals

Pure culture Fusarium spp. was used for evaluation. Stock solutions were prepared to
get different concentrations (100, 200 and 300 ppm) according to active ingredient of
fungicides followed by the method used by Rehman et al. (2018) and then were added in
200 ml of potato dextrose agar. All the procedure was completed in laminar flow cabinet
(ESCO) to avoid contamination. 20 ml of prepared PDA containing fungicides at different
concentrations was poured in 90 mm petri dishes. Control plates were also prepared by
pouring 20 ml PDA without fungicides in petri plates. After solidification of PDA in petri
plates, these petri dishes were inoculated by 4 mm block of PDA having pure culture of
Fusarium spp. (7 days old culture). with the help of sterilized cork borer and these dishes
were incubated at 25+ 2 °C in an incubator. Radial culture growth (mm) of different
Fusarium spp. was recorded after 7, 14 and 21 days of inoculation. Percent inhibition
growth was calculated by above given formula. In vivo management was done by using
most effective fungicides (Score, Topsin M and Baviston) at different concentration like
100, 200 and 300 ppm with three replications and one control in green house. Seeds were
surface sterilized and soaked in distilled water for overnight to soften the seed coat for
facilitation of pathogen penetration, Autoclaved pots were filled with disinfected soil, this
soil was infested with most virulent Fusarium spp. by mixing soil with mass culture of
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fungus. And 5 autoclaved seeds were sown 2 to 3 cm deep in each pot containing soil. All
these experimental materials were laid down under CRD (Complete Randomized Design)
in factorial arrangement with three replications. Aqueous suspension of most effective
fungicides was added in pots by drenching the soil. Data was recorded after 40 days of
application of fungicide and analyzed to find out the difference between treatments by
using the statistic software version 8.1.

Results
Screening of chickpea germplasm against most aggressive Fusarium spp.

Twenty varieties were screen out against fusarium wilt of chickpea under greenhouse
condition for two years. Data recorded during 2017 and 2018 showed that no variety
was found immune against fusarium wilt. During 1% year two varieties incidence
exhibited highly resistant response, while six varieties showed resistant response against
fusarium wilt. Four varieties showed moderately resistant response whereas five
varieties gave susceptible response against fusarium wilt. However, three varieties were
highly susceptible (Table 1.). Study, during 2" year, revealed that same three varieties
were highly susceptible like first year. Five varieties exhibited susceptible response.
Four varieties showed moderately resistant response. Six varieties showed resistant
response against fusarium wilt. Two varieties gave highly resistant response (Table 1).

Table 1. Two years response of chickpea germplasm against most aggressive isolate (NK32,
Fusarium oxysporum (FOK1) from Layyah) (HR = highly resistant, R = resistant,
MR = moderately resistant, S = susceptible and HS = highly susceptible)

Vari Year 1 Year 2
ariety Disease incidence (%0) Response Disease incidence (%0) Response
Dasht 54.667 B HS 55.667 A HS
Thal 2006 53.000 B HS 52.000 B HS
AUG-424 57.667 A HS 56.667 A HS
Balkasar 0.1667 M HR 0.23331J HR
Bittle 98 5.6667 KL R 6.6667 HI R
CMC211S 14.667 HI MR 15.667 F MR
CM-98 13.667 | MR 12.667 G MR
CM-88 12.333 1 MR 12.667 G MR
C-44 4.3333 L R 5.0000 | R
C-727 0.3000 M HR 0.43331 HR
Punjab-91 4.6667 KL R 5.3333 1| R
AUG-785 5.3333 KL R 4.3333 1 R
Parbat 45.000 C S 43.667 C S
Noor-91 17.333 H MR 17.667 F MR
PB-1 40.667 D S 42.333C S
C-235 7.3333 JK R 6.3333 HI R
PB200 36.000 E S 35.333D S
DC1 30.000 F S 28.667 E S
CM72 8.6667 J R 8.3333 H R
ILC95 25.333 G S 27.667 E S
LSD (p <0.05) 2.85** 2.70%*
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In vivo and in vitro disease management by using fungal antagonists

In the greenhouse study, various antagonists viz. Trichoderma harzianum,
Trichoderma viride and Trichoderma virens applied at various concentrations
significantly (p < 0.05) reduced the disease incidence (%) with respect to different days.
Disease incidence (%) was maximum (15.50%) in case of Trichoderma virens followed
by Trichoderma viride (13.98%) and Trichoderma harzianum (12.48%) over control
(35.06%). Regarding various concentrations, maximum disease incidence (20.98%) was
observed where 1 x 10%* (cfu/ml) concentration was applied as compared to 1 x 10
(cfu/ml) (19.71%) and 1 x 108 (cfu/ml) (17.06%). Disease incidence was at its peak at
day 3" (20.41%), whereas, minimum disease incidence was at day 1 (18.51%)
(Table 2). Regarding interaction between treatments and concentrations revealed that
maximum reduction in disease incidence (%) was assessed in case of Trichoderma
harzianum (10.77%, 12.83%, 13.83%), while, minimum reduction in disease incidence
was exhibited in case of control (31.54%, 35.87%, 37.76%) at 1 x 108 (cfu/ml), 1 x 10
(cfu/ml) and 1 x 10%* (cfu/ml) concentrations respectively. Interaction between
concentrations and days revealed that maximum reduction in disease incidence (%) was
assessed in case of 1 x 10® (cfu/ml) (15.2%, 16.85%, 19.14%), while, minimum
reduction in disease incidence was exhibited in case of 1 x 10%* (cfu/ml) (20.51%,
21.11%, 21.31%) at 1%, 2" and 3" day respectively. Interaction between treatments,
concentrations and days showed that disease incidence (%) (10.33%) was minimum
where Trichoderma harzianum applied with 1 x 10%(cfu/ml) concentrations at 1%, 2"
and 3™ day. Disease incidence (%) was maximum in control as compared to all other
treatments at various days. Indication of variation within treatments to nullify the error
chances within treatments presents as error bars (Figs. 1-3).

Table 2. Impact of various concentrations of Trichoderma spp. against Fusarium spp. under
greenhouse condition

Treatments (T) Disease incidence (%) LSD (p <0.05)
Trichoderma harzianum 12.48 D
Trichoderma viride 13.98C
. . 0.85
Trichoderma virens 15.50 B
Control 35.06 A
Concentration (C)
1x108(cfu/ml) 17.06 C
1x10'¢(cfu/ml) 19.71B 0.74
1x102*(cfu/ml) 20.98 A
Days (D)
1 18.51 B
2 18.83B 0.74
3 2041 A
LSD (p <0.05)
T<C *%
TxD NS
CxD faled
TxCxD *x

Any two means within a column followed by same letters are not significant at p <0.05. * = Significant

at p <0.05; ** = Significant at p < 0.01; NS = Non-significant
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Figure 1. Variation in disease incidence (%) with application of different concentrations of
Trichoderma spp. against Fusarium spp. under greenhouse conditions
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Figure 2. Variation in disease incidence after the application of Trichoderma spp. against
Fusarium spp. under greenhouse conditions at various days
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Figure 3. Variation in disease incidence (%) with different treatments of Trichoderma spp.
against Fusarium spp. under greenhouse conditions
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Impact of various antagonists on gram wilt under in vitro conditions

In lab study, various antagonists viz. Trichoderma harzianum, Trichoderma viride
and Trichoderma virens significantly (p <0.05) inhibit (%) the fungal growth with
respect to different time intervals. Inhibition (%) was minimum (11.96%) in case of
Trichoderma virens followed by Trichoderma viride (10.50%) and Trichoderma
harzianum (8.96%) as compared to control. Regarding various time intervals, maximum
disease inhibition (8.41%) was observed. Disease inhibition (%) was at its peak at day
96 h (8.41%), whereas, minimum disease inhibition (%) was at 24 h (7.41%) (Table 3).
Non-significant (p <0.05) interaction was observed between treatments and time
interval over inhibition of fungal growth.

Table 3. Impact of Trichoderma spp. against Fusarium spp. under lab condition

Treatments (T) % Inhibition LSD (p <0.05)
Trichoderma harzianum 8.96 C
Trichoderma viride 10.50 B 0.66
Trichoderma virens 1196 A
Control 0.00D
Hours (h)
24 741B
48 7.73B 0.57
96 8.41A
LSD (p <0.05)
TxH NS

Any two means within a column followed by same letters are not significant at p <0.05. * = Significant
at p <0.05; ** = Significant at p < 0.01; NS = Non-significant

In vivo and in vitro disease management by using fungicides
Impact of various fungicides on gram wilt under in vitro conditions

In in vitro study, ten fungicide chemicals from different chemical groups viz. Score,
Topsin-M and Bavistan, Chlorothalonil, Stump, Big time, Champion, Valvet, Curzate-
MS and Co-Oxy applied at various concentrations significantly (p <0.05) reduced the
fungal growth (mm) with respect to different days. Fungal growth (mm) was minimum
(6.46) in case of Score followed by Topsin-M (8.00), Bavistan (9.46), Chlorothalonil
(11.00), Stump (12.50), Big time (14.00), Champion (15.46), Valvet (16.96), Curzate-
MS (18.46) and Co-Oxy (19.96) over control (42.37). Regarding various concentrations,
maximum reduction in fungal growth (14.24) was observed where 100 ppm
concentration was applied as compared to 200 ppm (16.07) and 300 ppm (17.30).
Reduction in fungal growth was at its peak at day 1% (15.30), whereas, minimum
reduction in fungal growth was at day 3 (16.59) (Table 4). Regarding interaction
between treatments and concentrations revealed that maximum reduction in fungal
growth (mm) was assessed in case of score (4.72, 6.83, 7.83), while, minimum
reduction in fungal growth (mm) was exhibited in case of control (41.55, 42, 43.55) at
100 ppm, 200 ppm and 300 ppm concentrations respectively. Interactive effect of
treatments and days revealed that maximum reduction in fungal growth (mm) was
assessed in case of score (5.88, 6.27, 7.22), while, minimum reduction in fungal growth
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(mm) was exhibited in case of control (41.22, 42.61, 43.27) at 1%, 2"! and 3" day
respectively. Interaction between concentrations and days revealed that maximum
reduction in fungal growth (mm) was assessed in case of 100 ppm (13.57, 14.24, 14.92),
while, minimum reduction in fungal growth (mm) was exhibited in case of 300 ppm
(16.69, 17.19, 18.03) at 1%, 2" and 3" day respectively (Figs. 4-6).

Table 4. Impact of different fungicides against wilt fungal pathogen under lab condition

Treatments (T) Fungal growth (mm) LSD (p <0.05)
Score 6.46 K
Topsin-M 8.00J
Bavistan 9.46 1
Chlorothalonil 11.00H
Stump 1250 G
Big time 14.00 F 0.16
Champion 1546 E
Valvet 16.96 D
Curzate-M8 1846 C
Co-Oxy 19.96 B
Control 42.37 A
Concentration (C)
100 ppm 14.24C
200 ppm 16.07B 0.08
300 ppm 1730 A
Days (D)
1 15.30C
2 15.72B 0.08
3 16.59 A
LSD (p <0.05)
T=C il
TxD Kk
CxD ok
TxCxD NS

Any two means within a column followed by same letters are not significant at p <0.05. * = Significant
at p <0.05; ** = Significant at p < 0.01; NS = Non-significant

Ten fungicides Score, Topsin M, Baviston, Chlorothalonil, Stump, Big Time,
Champion, Velvet, Curzate M8 and Co-oxy were checked out against Fusarium spp. by
using Poison Food Technique (Nene and Thapliyal, 1982). These ten fungicides were
evaluated at three concentrations (100, 200 and 300 ppm). Effectiveness of fungicides
was tested in inhibiting fungus growth. There was a significant decrease in mycelial
growth with an increase in concentration of fungicide. Score followed by Topsin-M,
and Bavistan was observed most effective fungicide and Curzate M8 and Co-oxy were
found least effective fungicides against all the isolates in decreasing the fungus radial
growth. Intermediate response in suppressing F. oxysporum growth was observed by the
use of Chlorothalonil, Stump, Big Time, Champion and Velvet. In field study, various
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antagonists viz. Score, Topsin-M and Bavistan applied at various concentrations
significantly (p < 0.05) reduced the disease incidence (%) with respect to different days.
Disease incidence (%) was minimum (8.46%) in case of Score followed by Topsin-M
(10.00%) and Bavistan (11.46%) over control (44.37%). Regarding various
concentrations, maximum reduction in disease incidence (17.16%) was observed where
100 ppm concentration was applied as compared to 200 ppm (18.61%) and 300 ppm
(19.94%). Reduction in disease incidence was at its peak at day 1% (17.84%), whereas,
minimum reduction in disease incidence was at day 3 (19.36%) (Table 5). Regarding
interaction between treatments and concentrations revealed that maximum reduction in
disease incidence (%) was assessed in case of score (6.72%, 8.83%, 9.83%), while,
minimum reduction in disease incidence was exhibited in case of control (43.55%, 44%,
45.55%) at 100 ppm, 200 ppm and 300 ppm concentrations. Interactive effect of
treatments and days revealed that maximum reduction in disease incidence (%) was
assessed in case of score (7.88%, 8.27%, 9.22%), while, minimum reduction in disease
incidence was exhibited in case of control (43.22%, 44.61%, 45.27%) at 1%, 2" and 3'
day. Interaction between concentrations and days revealed that maximum reduction in
disease incidence (%) was assessed in case of 100 ppm (16.29%, 17.25%, 17.95%),
while, minimum reduction in disease incidence was exhibited in case of 300 ppm
(19.33%, 19.83%, 20.66%) at 1%, 2" and 3™ day. Interaction between treatments,
concentrations and days showed that disease incidence (%) (6.16%) was minimum
where score applied with 100 ppm concentration at 1%, 2" and 3 day. Disease
incidence (%) was maximum in control as compared to all other treatments at various
days (Figs. 7-10).

Table 5. Impact of various fungicides against fungal pathogen under field condition

Treatments (T) Disease incidence (%0) LSD (p <0.05)
Score 8.46 D
Topsin-M 10.00C
Bavistan 11.46 B 015
Control 44.37 A
Concentration (C)
100 ppm 17.16 C
200 ppm 18.61B 0.13
300 ppm 19.94 A
Days (D)
1 17.84C
18,51 B 0.13
19.36 A
LSD (p <0.05)
T<C *x
TxD *x
CxD *
TxCxD *x

Any two means within a column followed by same letters are not significant at p <0.05. * = Significant
at p <0.05; ** = Significant at p < 0.01; NS = Non-significant
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Figure 4. Variation in growth inhibition with different treatments of ten fungicides against
fungal pathogen under lab conditions
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Figure 5. Variation in growth inhibition with different concentrations of fungicides against
fungal pathogen under lab conditions
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Figure 6. Variation in growth inhibition after different days (1 =7,2 = 14 & 3 = 21) of
application fungicides against fungal pathogen under lab conditions
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Figure 7. Variation in disease incidence with different concentrations of fungicides against
fungal pathogen under field conditions
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Figure 8. Variation in disease incidence with different treatments of fungicides against fungal
pathogen under field conditions
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Figure 9. Variation in disease incidence after different days (1 =7,2 =14 & 3 = 21) of
application of most effective fungicides against fungal pathogen under field conditions
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Figure 10. Variation in disease incidence with different treatments fungicides against fungal
pathogen under field conditions

Discussion

Screening of 20 chickpea germplasms was done to find out the most resistant
varieties against Fusarium spp. in 2017 and 2018. Two varieties (Balkasar and C-727)
were highly resistant, six lines were resistant, four lines were moderately resistant, five
varieties were susceptible and three varieties were highly susceptible. Such type of
results has also been shown by another worker (Chaudhry et al., 2006, 2007; Infantino
et al., 2006). The best procedure to infect the lines at seedling stage is by infestation of
the soil with Fusarium inoculum and completely covers the surface of soil in the pots.
By this method pathogen grows and infects the host more sharply (Gurha and Dubey,
1982). This technique is time saving and most effective as compare to other procedures.
This technique was followed by (Sugha et al., 1991). Three fungal antagonists
(Trichoderma harzianum, Trichoderma viride and Trichoderma virens) were evaluated
against virulent pathogens in which Trichoderma harzianum showed maximum
inhibition under lab and field conditions. My results showed similarity with the results
of Akrami et al. (2013). These results also have synchronization with other researches
(Jayalakshmi et al., 2009). Most competitive pathogens grow near the rootzone of
chickpea and increase their colonies due to which fungal antagonists help to inhibit their
action on plant (Benhamou et al., 2002). Tricoderma spp. is very beneficial against
fungal pathogens because of their multiple actions. My results are also close to this
research which shows that Trichoderma harzianum is very effective biocontrol agent
because of its production of antibics, production of enzymes chitinase, has ability to
solubilize inorganic compounds and also inactivate pathogenic enzymes (Harman,
2006). Ten fungicides (Score, Topsin M, Baviston, Chlorothalonil, Stump, Big Time,
Champion, Velvet, Curzate M8 and Co-oxy) were evaluated against virulent pathogens
in which Score showed maximum inhibition of isolates of Fusarium spp. which were
followed by Topsin M and Baviston under lab conditions while on the other hand Score
inhibited maximum fungal growth under field conditions. Response of my systemic
fungicides showed relatedness with the results of Dahal and Shrestha (2018) in which
sensitivity of Fusarium spp. was evaluated by using different fungicides like

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(1):527-541.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2001_527541
© 2022, ALOKI K ft., Budapest, Hungary



Fatima et al.: Integrated management of Fusarium spp. associated with chickpea (Cicer arietinum L.) wilt disease in the Punjab,
Pakistan
-539 -

carbendazim, chlorothalonil and dithane M-45. Maximum mycelial growth was
inhibited by carbendazim which was up to 98.23% at all concentrations 100, 150, 200
ppm. Minimum inhibition was obtained by dithane M-45 which was up to 27.43% at
150 ppm. Intermediate inhibition was observed chlorothalonil (65.78%) at 150 ppm
concentration. My results also correlate with the following references. Dithane M-45 is
least effective as compare to the other examined fungicides. Some fungicide acts
systemically in pathogens has more efficacy like carbendazim as compare to other non-
systemic chemicals like mancozeb (Khola et al., 2016). Carbendazim is very effective
against fusarium which causes wilt in chickpea at every concentration Luz et al. (2007),
Maheshwari et al. (2008), Singh et al. (2010), and Somu et al. (2014). Carbendazim also
inhibits the growth of F. solani (Narayanan et al., 2015). Some researcher used
carbendazim for the reduction of Foc (Subhani et al., 2011) and some used it for
complete inhibition of Foc (Maitlo et al., 2014). Chlorothalonil is least effective as
compare to carbendazim and more effective as compare to dithane M-45. Chlorothalonil
at 0.1% inhibits fusarium growth in less than carbendazim at 0.2% (Manasa et al.,
2017). Chlorothalonil binds to proteins to inhibit the catalytic activity of enzyme. This
chemical binds to glyceraldehyde-3-phosphate (GAP) and reacts with sulfhydryl which
plays an important role in binding to GAP (Long and Siegel, 1975). Mancozeb inhibits
the mycelia growth up to 66% by using 200 ppm (Singh et al., 2010). In some other
researches it is reported that dithane M-45 fully inhibits the growth of Fusarium spp. at
200 ppm concentration (Dabbas et al., 2008).

Conclusion

Integrated disease management of chickpea wilt helped in finding out the appropriate
management strategies against Fusarium spp. associated with chickpea wilt. Growing of
resistant varieties would increase the chickpea yield by reducing the disease incidence.
The future management strategies of this pathogen would be better with the
combination of biological and chemical control.
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