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ABSTRACT:

Fusarium wilt (Fusarium oxysporum f. sp. ciceris (Padwick) Matuo and K. Sato) is one of the major yield limiting factors of
chickpea (Cicer arietinum L.). For eco-friendly and sustainable management of the disease, Trichoderma harzianum as commercial
product (Biocont-T), used as seed coat and jointly amended in peat moss were evaluated against the pathogen. The study was
carried out in the fields of Girdarasha research station (8.8 Km south of Erbil), College of Agriculture, Salahaddin University. A
moderate Ascochyta-resistant chickpea cultivar (Flip 6-15) was used. The results showed that seed treatments with T. harzianum
and peat moss amendments were significantly reduced the disease incidence and severity. An increase of growth rate, plant height,
biological and seed yield was also occurred. Three quantities (500, 1000, 1500 g) of peat moss showed enhancements in terms of
disease incidence and severity reduction and increased the growth rate and other plant agronomic parameters as compared to
untreated control. Treatment efficiency towards the yield and percentage of disease inhibition (PDI1%) between treatments were
measured. Using 10 Bent, 1000 Ptms-Tri and 1500 Ptms treatments were the most efficient treatments to enhance yield. For PDI
%, 1000 Ptms-Tri, 10 Bcnt1500 Ptms and 500Ptms-Tri, were showed high disease inhibition in the field.

KEYWORDS: Chickpea, Cicer arietinum, Fusarium wilt, Fusarium oxysporum f. sp. ciceris, Trichoderma harzianum, Biological

control.

1. INTRODUCTION

Chickpea (Cicer arietinum L.) is currently the world’s second
most important grain legume after common bean (Phaseolus
vulgaris L.) (Faostat, 2015). Chickpea is grown in over 50
countries, extending from subtropical and temperate regions,
for its rich in protein seeds (Jukanti et al., 2012). In 2013, the
cultivated area of chickpea was reached to 13.5 mha with
production of 13.1 MT (Faostat, 2015).

Due to susceptibility, several diseases have been attributed to
cause low production in chickpeas, which include fungal
diseases, bacterial and viral diseases. Chickpea wilt disease
is usually caused by two or more pathogens and is referred to
as a multi-pathogenic disease or a disease complex. Fusarium
wilt caused by (Fusarium oxysporum f. sp. ciceris (Padwick)
Matuo and K. Sato) is one of the main chickpea limiting yield
factors. The disease is widespread in chickpea growing areas
in the world (Haware and Nene, 1982).

Losses due to the disease is ranging from 5-10 % (Dubey et
al., 2007), which in years of severe epidemics may increase
to 60 - 70 % (Jalali and Chand, 1992). Representative
symptoms are rapid drooping of leaves and petioles, no
external rotting of roots and black internal discoloration
involving xylem and pith. Additionally, it can affect the crop
at any stage of growth (Dubey and Singh, 2004).

There are several disease management measures that have
been employed to manage and control chickpea Fusarium
wilt, which include crop rotation, pathogen-free seed,
removal of plant debris, and fungicide seed treatment (Nene
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and Reddy, 1987). More recently, there has been an international
attempt to the use of eco-friendly methods for controlling pests
and diseases. Application of potential harmful chemical sprays
are viewed with displeasure in many countries (Harman et al.,
2004).

Since the pathogen is both seed and soil borne, drenching with
fungicides is very expensive and impractical. F. oxysporum f. sp.
ciceris is a facultative saprophytic and it can survive as mycelium
and chlamydospores in seed, soil and also on infected crop’s
residues, buried in the soil for up to five to six years (Haware et
al., 1986). Therefore, integrated disease management strategies
are the only solution to maintain plant health. These strategies
should include minimum use of chemicals for checking the
pathogen pollution, encouragement of beneficial biological
agents to reduce pathogen inoculum, modification of cultural
practices and use of resistant varieties (Bendre and Barhate,
1998).

Among biological agents, Trichoderma, have attracted the
attention of their multipronged action against a range of plant
pathogens (Harman et al., 2004). Several modes of action have
been proposed to explain the biocontrol of plant pathogens by
Trichoderma, these include production of antibiotic and cell wall
degrading enzymes, competition for key nutrients, parasitism,
stimulation of plant defense mechanisms and combination of
those possibilities (Harman, 2006). Trichoderma spp. generally
grows in its natural habit on plant root surface and therefore it
controls root diseases in particular (Monte, 2001).

The species of Trichoderma have been studied against the wilt
pathogen and have showed greater potential in managing
chickpea wilt under field condition (Poddar et al., 2004). Use of
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reduced doses of bio-agents combination with other chemical
fungicides has been highlighted for a better sustainable
agricultural management (Andrabi et al., 2011). Several
factors affect the ability of Trichoderma to provide systemic
disease control. Some studies focused on the role of
substrates, including peat moss as primary agro-input, in
which plants are grown, resistance of the host to disease, and
the ability of introduced Trichoderma inoculum to spread
under commercial conditions (Hoitink et al., 2006).

Considering those points, the present study was aimed to use
Trichoderma harzianum as biocontrol with its combinations
in different quantities of peat moss and the way of their
mixing to manage the chickpea wilt disease caused by F.
oxysporum f. sp. ciceris.

2. MATERIALS AND METHODS

2.1 Field trial location

The experiment was conducted in the Girderasha research
fields belong to the College of Agriculture, Salahaddin
University (about 5 km south of the city of Hawler). A
moderate susceptible chickpea cultivar Flip 6-15, resistant to
Ascochyta blight, was sown in a naturally contaminated soil
with the fungus Fusarium oxysporum. The fungus is causes
wilt in chickpea and has been isolated in infected plant and
soil samples from the previous year (June 2015).

2.2 Experimental design and treatments

The field experiment was designed to a randomized complete
block design (RCBD)s in which seed was drilled in 25 cm
spaced rows (the distance between rows), while the plant-to-
plant distances (the distance between seeds) was 10 cm. The
net plot size of the experiment was 2 x 1.20 m in a rate of 5
row per plot and 20 seeds per row (100 seeds per plot). The
treatments were replicated 3 times with havingl m distance
between treatments (plots) and between replicates (blocks).
A commercial product of Tricoderma harzianum, Biocont-T
( Ain Almasa, Saudi Arabia) is used as the bioagent and
antagonistic fungus of the pathogen Fusarium oxysporum.
The treatments used in the experiment were shown in Table

Q.

Peat moss is used in treatments 3 - 6 by dispersing and mixing
with the rhizosphere layer of the soil in each row of the
treatment. The experiment was started in the beginning of
February 2016 and watered as required in case of no rainfall.

2.3 Measured parameters

The chickpea wilt disease was assessed and was measured by
evaluating parameters shown in (Table 2) directly on the
plant.

Table 1. The treatments and their combinations used in the field

experiment.
Treatment Treatment A
No. symbol Description
5 g Biocont-T/kg
! SBent chickpea seed*
2 10Bent 109 Blocont-T/ kg
chickpea seed
500 g peat moss
3 500Ptms-Tri amended with
Trichoderma
1000 g peat moss
4 1000Ptms-Tri amended with
Trichoderma

5 g Biocont-T + 1500
5 5Bcnt1500Ptms 0 pont moser
10 g Biocont -T+
6 10Bcnt1500Ptms 1500  peat moss
7 500Ptms 500 g peat moss only
8 1000Ptms 1000 g peat moss
only
9 1500Ptms 1500 g peat moss
only
10 UntCtrl Untreated control-
chickpea seeds only

*Chickpea seeds were firstly coated with a layer of liquid date jam then
mixed with Biocont-T product.

**The commercial product of Biocont-T was mixed with peat moss just
before sowing.

Table 2. The parameters were considered for data recording.

No. | Parameter Details (time and measurement)

Disease incidence . .
1 o) At flowering and pod formation

2 Disease severity At flowering and pod formation

3 | Growth rate (GR) After 1 month from growing

At 80 % of flowering (average of
10 plants/treatment replication)
Biological  vyield | After harvesting for each
(BY) treatment replication

Average yield of 10 plant per
treatment replication

4 Plant height(PH)

6 | Grainyield(GY)

; Yield efficiency | Percentage  measured  after
(YE) calculating grain yield
Calculated  after  measuring
8 PDI

disease incidences

2.4 Disease assessment and data analysis

Wilt disease incidence was measured by using the following
formula used by (Khan et al., 2004):
Wilt incidence (%)
No. of wilted plants in a microplot

" Total No. of plants in a microplot

x 100
Wilt severity percentage was measured by using the following
equation:

No. of wilted branches in a plant x 100

Wilt ity (%) =
il severity (%) Total No. of branches in a plant

The percentage of yield efficiency was measured using the
following equation:
Yield efficiency (%)
Yield of treatment — Yield Untreated Control

Yield treatment

100

The percentage of disease inhibition (PDI) is calculated using the
following formula used by (Nikam et al., 2007):

PDI (%) = (DIUC — DIIT) * 100 / DIUC, where;

PDI % = percentage of disease inhibition

DIUC = disease incidence in untreated control

DIIT = disease incidence in the interesting treatment

2.5 Statistical analysis
Data analysed using StatgraphicsXV5 to find ANOVA table and

means compared using Fischer’s least significant difference
(LSD) test at P = 0.05. Data were square root transformed when
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necessary to minimize the variability to achieve normal
distribution.

3. RESULTS
3.1 Disease Incidence

A significant low disease incidence percentage (DI %) was
recorded when plots treated with Trichoderma amended at
1000 g peat moss (18.99 %), followed by 10Bcnt1500Ptms
(19.63%) and 500Ptms-Tri (24.40 %). DI % among Biocont-
T used directly on chickpea seeds were (25.15 %) for 10Bcnt
and (34 %) for 5Bcnt. While the similar DI % was observed
for the three levels of sole peat moss treatments (1500Ptms,
1000Ptms, and 500Ptms) which were (31.28, 31.83 and 34.29
%), respectively. Whilst highest DI % was for the untreated
control (50.80 %) (Figure 1).
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Figure 1. Disease incidence parentage for chickpea plants treated

by T. harzianum amended with peat moss caused by F. oxysporum

f. sp. ciceris. Error bars represent the standard deviations, LSD at
P=0.05.

3.2 Disease Severity

A significant reduction of disease severity was observed in
plots when treated with 10Bcnt1500Ptms (54.33 %) followed
by 5Bcnt1500Ptms (70 %), 1000Ptms-Tri (75.30 %) and
500Ptms-Tri (78.33 %), respectively. However, there were
no statistical difference resulted between peat moss
treatments compared to untreated control (Figure 2).

100

Disease Severity %

Treatments

Figure 2. Disease severity percentage for chickpea plants treated by
T. harzianum amended with peat moss caused by F. oxysporum f.

66

sp. ciceris. Error bars represent the Standard deviation, LSD at P=0.05.
3.3 Growth rate (Seedling emergence):

The results in figure (3) illustrate that the treatments had no
significant effect on the Growth rate (GR). However, 5Bcnt and
1000Ptms-Tri were provided highest seed germination rate
(94.58 %).
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Figure 3. Seedling emergence for chickpea plants treated by T.
harzianum amended with peat moss caused by F. oxysporum f. sp.
ciceris. Error bars represent the Standard deviation, LSD at P=0.05.

3.4 Plant height

According to the results presented in table (3), all used treatments
had no pronounced effect on the chickpea plant height.
Nevertheless, 1000Ptms, 500Ptms and 5Bcnt treatments had
higher plant heights compared with the untreated control.

3.5 Biological yield

Significant increase in biological yield (BY) was obtained when
plots treated with 10Bct (6600 kg/ha), followed by peat moss
treatments 500Ptms, 1000Ptms and 1500Ptms (5866.67, 5655.56
and 5333.33 kg/ha), respectively. However, other treatments
showed less efficiency in increasing BY (Table 3).

3.6 Seed yield (kg/ha)

All treatments were increased the seed yield (SY) significantly
with contrast to untreated control (2155.56 kg/ha) (Table 3). The
highest seed yield was harvested in 10Bcnt (3444.44 kg/ha),
followed by other treatments that ranged from 2244.44 to
2733.33 kg/ha.

3.7 Harvest index (HI)

The treatments have also affected on harvest index (HI). The
highest HI was 57.22 with the use of 1000Ptms-Tri followed by
10Bcnt (53.18) and 5Bcnt1500Ptms (52.70) (Table 3).

3.8 Treatment efficiency %

All treatments were played significant role in increasing crop
yield production in the field, the most efficient treatment
was10Bcnt (37 %), followed by 1000Ptms-Tri (21 %) (Table3).
While other treatments showed less efficacy percentage ranged 4
- 20 %.
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Table 3. The response of Biocont-T, peat moss and their mixtures on chickpea plant height, biological yield, seed yield, and yield efficiency % in
the field of chickpea plants caused by F. oxysporum f. sp. ciceris.

No. | Treatments Plant height (cm) | Biological Yield (kg/ha) | Seed Yield (kg/ha) | HI (%) | % Efficiency (Yield)
1 | 5Bcnt 345 5266.67 2526.67 47.85 15 %
2 | 10Bcnt 319 6600.00 3444.44 53.18 7%
3 | 500Ptms-Tri 30.9 5311.11 2606.67 49.01 17 %
4 | 1000Ptms-Tri 339 4800.00 2733.33 57.22 21%
5 | 5Bcnt1500Ptms 304 4955.56 2622.22 52.70 18 %
6 | 10Bcntl500Ptms 313 4822.22 2400.00 50.39 10 %
7 | 500Ptms 34.8 5866.67 2244.44 42.47 4%
8 | 1000Ptms 35.7 5655.56 2533.33 47.81 15 %
9 | 1500Ptms 322 5333.33 2693.33 5141 20%
10 | UntCtrl 29.2 5044.44 2155.56 43.55 0%

LSD=0.05 7.15 382.65 954.38
Each value is an average of three replicates, LSD at P=0.05.

3.9 Percentage of disease inhibition

The evaluation of disease inhibition percentage (PDI %) were
calculated and the results showed a greatest inhibition by
1000Ptms-Tri (62.62 %) and 10Bcnt1500Ptms (61.36%) for
the causal agent F. oxysporum f. sp. ciceris in the field
(Figure 3), followed by 500Ptms-Tri (51.97%) and 10Bcnt
(50.49%). However, the PDI % for peat moss treatments
were 32.5 - 38.43 %.
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Figure 4. Percentage of disease inhibition (PDI %) for chickpea
plants treated by T. harzianum amended with peat moss caused by
F. oxysporum f. sp. ciceris.

4. DISCUSSION

In the present study, disease assessments were measured to
evaluate the infield suppression of F. oxysporum by the
commercial formulation of T. harzianum, Biocont-T.
Obviously, all treatments in table (1) were significantly
reduced the percentage of disease incidence in chickpea
plants. Microorganisms that can grow in the plant
rhizosphere showed the ideal capacity to be used as
biocontrol agents, this agent present in the front line for the
root against the pathogens (Alabouvette et al., 1993).
Trichoderma harzianum is an active colonizer in soil
(Tronsmo and Dennis, 1978), because of their direct ability
to parasitize (mycoparasite) on other fungi, produce
antibiotics like trichodermin, gliotoxins, viridin, cell wall-
degrading enzymes (Lorito et al., 1993), and certain
biologically active heat-stable metabolites like ethyl acetate

(Mohiddin et al., 2010) demonstrated as one of sufficient
potential biocontrol. Some of treatments, 10Bcnt1500Ptms,
5Bcnt1500Ptms and 1000Ptms-Tri, reduced the disease severity
percentage significantly. Several studies reported that [-1-3
glucanase are the main polysaccharides of fungal cell wall and
they also propose chitinase and B-1-3 glucanase involve as key
enzymes in the lysis of phyto-pathogenic fungal cell wall during
the antagonistic action of Trichoderma. Therefore, fungal cell
wall degrading enzymes of Trichoderma spp. are of particular
importance in plant defence mechanisms (KuCik et al., 2007,
Piegza et al., 2014, Singh et al., 2007).

Growth rate percentage was increased in plots treated with 5Bcnt
and 1000Ptms-Tri. The present results are supported by the
remarks that Trichoderma species produces growth factors that
increase the rate of seed (Benitez et al., 1998). Previous studies
also observed enhanced seed germination with treatment of
Trichoderma spp. in several other host pathogen systems (Kumar
and Dubey, 2001, Dubey and Patel, 2001, Poddar et al., 2004).
All treatments in the present work were increased chickpea plant
height in the open field. Compared to untreated control,
1000Ptms, 500Ptms, 5Bcnt and 1000Ptms-Tri were showed
maximum plant height. The present findings are in agreement
with that of Arora et al. (1992) who reported that root
colonization by Trichoderma strains frequently enhances root
and shoot growth of chickpea plants. Significant increase in
biological weight, seed yield and HI were obtained where plots
treated with 1000Ptms-Tri and 10Bct. This finding is supported
by several studies that reported about the reduction in disease
incidence and disease severity lead to higher vyield in
Trichoderma-treated seeds and soil (Singh et al., 2007, Poddar et
al., 2004, Dubey and Patel, 2001).

Three levels of commercial peat mosses (500, 1000, 1500 kg)
were used alone and amended jointly with T. harzianum (Table
1). The reduction performance of peat mosses, in terms of disease
incidence, were (500Ptms 16.51 %, 1000Ptms 18.97 % and
1500Ptms 19.52 %U). Moreover, peat mosses also reduced
disease severity percentage significantly and increased the
growth rate percentage, plant height, biological and seed yield.
These findings are supported by previous studies that reported
about the suppressive of Rhizoctonia solani when compost was
used (Tuitert et al., 1998). Peat moss, organic matter in general,
considered a principle medium for microorganisms, including
Trichodermal colonization and it supply nutrition to the crops.
Consequently, the nutrition will enhance the vyield and
productivity (Tuitert et al., 1998).

Finally, the yield efficiency for the treatments to control F.
oxysporum was compared. The 10Bcnt, in which 10 g of
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Trichoderma was mixed with seeds, was showed the highest
activity, followed by 1000Ptms-Tri, in which Trichoderma
was amended in 1000 g of commercial peat mosses. This
observation is in agreement with the work of Huber and
Sumner (1996), they reported that the suppression of R.
solani by organic matter amendments has been correlated
with increased the capacity of antagonistic soil microbial
activity. In terms of disease inhibition percentage (PDI %),
the 1000Ptms-Tri, 10Bcnt1500Ptms, 500Ptms-Tri and
10Bcnt were significantly inhibited the occurrence of
Fusarium wilt disease the causal agent F. oxysporum f. sp.
ciceris in the potted chickpea field. Dubey et al. (2007) was
observed the inhibition of F. oxysporum both in vitro and in
open field by T. harzianum and other Trichodermal species.
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