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Abstract Sugarcane is a major cash crop in Pakistan. It has a great contribution in world’s economy. Many
diseases cause many losses in yield of sugarcane. Fungi are considered as abundant traitorous pathogens that
obstruct the viable growth of sugarcane crop. Wilt disease caused by fungal pathogen Fusarium sacchari caused
many losses in sugarcane production in Pakistan. Fusarium sacchari is a causative fungus of wilt in sugarcane.
Biocontrol agent Trichoderma spp. used in the management of sugarcane wilt. These bio-agents help in diseases
management and play important role in increasing the crop yield. For this reason, these bio-agents are used for
biological maintaenace of crop diseases and research globally. The use of PDA medium in vitro revealed
antagonistic activity of various Trichoderma isolates against the sugarcane wilt pathogen Pathogenicity test also
executed to check the most aggressiveness strain of Fusarium spp. to cause disease in sugarcane plant. In vivo,
Trichoderma multiply on different substrates and corn Cobbs is good byproduct Trichoderma multiply on it and mix
in soil of pots. Pot experiment performed with different treatments to control wilt disease by using of antagonist’s to
check disease incidence and disease reduction.
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Introduction

Fungi are important in ecosystems as endophytes,
pathogens, and saprobes (Bhunjun et al., 2022).
Many pathogens, including viruses, fungus, and
bacteria, attack on the crop during its 12-18 months
after germination, resulting in the establishment of
200 different diseases. (Karamchandani et al., 2022).
Diseases instigated by various pathogens including
fungi pose severe threat to sugarcane crops
(Viswanathan et al., 2018). Fungi are classified as
liberal traitorous pathogens that inhibit the viable
growth of the sugarcane crop. (Karamchandani et al.,
2022). Fungi can cause most severe diseases in
sugarcane crop (Diao et al. 2017). Fungi are
responsible for more than 60 diseases in sugarcane
(Mehnaz, 2013). More than 60 sugarcane diseases
have been linked to various fungus (Mehnaz, 2013).
Wilt, also known as alternate stalk disease, has a
significant impact on sugarcane productivity and is
caused by Fusarium sacchari. Fusarium sacchari is
the cause of wilt in sugarcane (Poongothai,
Viswanathan, Malathi, & Sundar, 2014). Wilt is a

known to be a serious disease of sugarcane that can
infect the crops at all stages from germination to
maturity stage. (Viswanathan 2020). It mainly
reduced germination percentages in the said crop
(Viswanathan & Rao, 2011). Yield losses due to
pathogen generally reported by 19 to 20% (Singh
RS, 2018). The curve of macroconidia of Fusarium
species can be disseminated by rain. Furthermore,
the condio-spores are simple and branched produced
single celled hyaline oval to elongated micro conidia
and the fungal mycelium is septate and thin walled.
(Deacon, 2006).

Characteristic symptoms of wilt are yellowing and
wilting of leaves, reduced growth, and red coloration
of the xylem vessels (Okungbowa & Shittu, 2012).
Fusarium sacchari is the root/stalk pathogen that is
infect the roots and stalks cause foliar infection.
Additionally, Fusarium sacchari infections serve as
the main source of damage and it remain as it is in
the canes for months before appearance of diseases
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symptoms depending on prevailing weather and crop
stage. (Lockhart et al., 2000).

The use of fungicides has provided many benefits i.e.
excessive use of fungicides threatens human animal
life and environment. Fungicide use has also not
produced desirable outcomes for wilt management,
and it is hazardous to the human health and
environment (Jahanshir and Dzhalilov, 2010). In this
case, hio-control agents such as Trichoderma spp.
provide a viable and environmentally friendly choice
for disease management. Trichoderma spp. are soil-
inhabiting fungus that have been employed to
manage plant diseases. Prasad and Rangeshgwan,
(2000) reported their bio efficacy. When
Trichoderma spp. enter the pathogen-produced
enzymes to controlling the soil borne pathogen this
property of Trichoderma spp. to be very useful. In
other crops these fungi are proved to be useful in
disease managment (Sharma et al., 2014: Irfan et al.,
2024). Trichoderma spp. as a potent fungal
biocontrol for a variety of plant pathogens (Rini and
Sulochana, 2008).

Sugarcane (Saccharum Officinerum L.) being cash
crop, provides income as well as employment to the
farming population (Ahmad et al., 2022: Abbas et
al., 2024ab; Rehman et al., 2024; Sami et al., 2023).
The demand of sugar and corn fructose is increasing
day by day in globally. Pakistan discovered
sugarcane production (12.8 million tons), and it is
now the world's 6th largest producer (Khan, M. E.
2022). Sugarcane is used to make sugar and biofuels,
among other things. Sugarcane used in many
industries producing many products like alcohol,
beverages, and bagasse used for paper, ethanol used
for fuel, press mud and the production of chipboard.
Sugarcane is the primary source of sucrose,

Pakistan

Sukkur \

.........

accounting for over 80% of global sugar production
(FAO. FAOSTAT 2022). Sugarcane is an excellent
source of organic matter and nutrients for crop
production (Bailey, 2004). According to a recent
report published by the USDA (USDA, 2021-2022),
sugarcane production was predicted to be decreased
due to offending monsoon scenarios (floods and
droughts) and pathogen attacks (Karamchandani et
al.,, 2022). The current study was designed to
evaluate a suitable number of endophytic and
rhizospheric species of Trichoderma and their
isolates against the sugarcane wilt casual organism
i.e. F. sacchari.

Material and methods

Surveillance of different sugarcane growing areas
of Punjab

Survey conducted to collect different sugarcane
diseased samples and soil samples from following 10
districts of punjab (Sargodha, D.G. Khan, Rahim Yar
Khan, Jhang, Faisalabad, Hafiz Abad, Kasur,
M.B.Din. Toba Tek Singh, Muzaffargarh) (table 1).
The sampling locations were indicated on maps with
google maps (Figure 1). To investigate the
destruction of disease (leaf withering, yellowing,
reduced growth, and red staining of xylem vessels),
20 farms and sugar mill fields in each area were
investigated. Randomly take 25 samples (containing
of stalks and leaves) having disease symptoms of
each field from different districts of Punjab by z-
scheme method according to already renowned
protocols (Teng, 1983). Labelling were propered.
Percentage disease incidence (PDI) for said disease
will be estimated according to Singh et al. (2012) as
follows:

Percentage Disease incidence =

No. of infected plant/ No. of total plant x100
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»
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Isolation, morphological and molecular
identification of fungus

Sample that showed wilt symptoms were collected
from following districts and transfered to mycology
laboratory of Crop Diseases Research Institute
NARC for the characterization of the pathogen
(figure 3). Sugarcane samples washed with distilled
water, dried and cut the stems vertically. Take 2mm

Map Figure 1: Sampling spofé 6f.different districts of Punjab

disc of diseased sample dipped into 10% sodium
hypochlorite for 2min, place the sterilized sample of
sugarcane on PDA plates, and kept at 28C for 5-7
days in incubator. Fresh mycelium of pathogenic
fungi were transferred through hyphal tip method
into PDA media slants and preserved as stock
cultures for further analyses (figure 4). Separation of
antagonistic fungi were completed through serial
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dilution method on PDA plates and kept at 28°C for
5-6 days in incubator. Spores were Identified through
compound microscope (Elad and Chet, 1983). All
these organisms were preserved on PDA slants at
4°C for future use. Mycelium were collected from
both pathogenic and antagonistic fungi from 7-day-
old PDA plates, and their DNA was extracted by
CTAB method (Rukmana et al., 2020) (figure 5).

In vitro effect of antagonistic fungi against
pathogenic fungi

The antagonistic effect of biocontrol fungus on
pathogenic fungi was assessed using the dual culture
approach. Pathogen mycelial plugs measuring 5mm
were put on one side of a 90mm PDA plate with
antagonist fungal isolates. Plates were placed on
another side and incubated at 28°C in an incubator.
The growth of test pathogens in control and treated
pathogens was recorded after 5-7 days, and the
percentage inhibition of pathogen mycelia growth
was estimated using the formula below. I (%) = (C-
T/C) * 100

Where | is the percent inhibition of the pathogen; C
is the colony diameter in control; and T is the colony
diameter after treatment. (gawade et al., 2012).
Pathogenicity test

Sugarcane seedlings were inoculated with F. sacchari
strains (AA, TH-10, KC8, F.S, S4, M4, and S3).
Each isolate was grown on 9-cm Petri plates with
PDA and stored at 25°C in the dark for a week. The
inoculum was prepared in water and adjusted to
2x106 conidia per mlt using a haemo-cytometer.
Sugarcane setts were sterilized with 0.26% sodium
hypochlorite for 30 minutes, positive controls were
steeped in 500 mL of spore suspension at a
concentration of 2x106, and negative controls were
soaked in water for 12 hours before being
transplanted into a pot. Nordahliawate, 1zzati, Azmi,
and Salleh (2008).

Treatments were systematized in a CRD with three
replications. Disease symptoms were assessed 15
and 30 after inoculation (day), the symptoms were
observed using a descriptive scale proposed by
(Nordahliawate et al., 2008) Koch’s postulates were
accomplished by re-isolation of the pathogens from
diseased plant tissue.

Pot experiment

To examine the biocontrol effect of antagonist fungi,
specifically un-1, N.F, and G.M, on four isolates of
Fusarium wilt of sugarcane in a greenhouse. Soil
(including silt, sand, and decomposed FYM in equal
proportions, i.e., 1:1:1) was produced and autoclaved
for 1 hour on two consecutive days. Soil was
modified with fungal antagonists cultivated on
sorghum grains, and 10ml and 20ml broths of
antagonist fungi and pathogens were added to
individual soil pots containing 5kg dirt. Thirty-day-
old seedlings were used to be transplanted into

plastic trays holding soil at a pace of three pots per
treatment.

To check the efficacy of antagonistic fungus against
sugarcane wilt with 5 treatments of two
concentration  (5g/1kg soil; 10g/1kg soil). In
treatment 1 pathogenic fungi (259 conl1/50g con2)
inoculate in soil and mix soil properly. After one
week of inoculation the seedling of sugarcane dip
into the antagonistic fungi (2ml/4ml) suspension and
growing into pots and check the effect on seedling of
sugarcane. In treatment 2 first we inoculate the (25g
concl/ 50g conc2) in the soil and mix soil properly.
After one week of inoculation the seedling of sugar
cane dip into pathogenic fungi (10ml/20ml)
suspension and growing the seedling into pots and
check the effect on seedling of sugarcane. In
treatment 3 both antagonistic fungi and pathogenic
fungi (259 conl/ 50g con2) inoculate at the same
time and check the effect on seedling of sugar cane.
In treatment, 4 only pathogenic fungi (25g conc1/50g
conc2) apply on plants. In treatment, 5 only
antagonistic fungi (25g conc1/30g conc2) apply on
plants and check the effect on seedling of sugarcane.
Treatment 6 is negative control only applied water
these are control plants. Readings were assessed after
15, 30, 90,120 and 160 days.

Result

Surveillance of different sugarcane growing areas
of Punjab:

The sugarcane wilt incidence rate across all
discussed districts was ranging between 10.50% and
60.59%. The Jhang district exhibited maximum wilt
incidence (60.59%), followed by D.G khan 40.4%
and Sargodha (28.5%). The lowest wilt incidence
(10.50%) was recorded in Kasur districts (figure 2).
Identification of Fusarium sacchari:

All strains under study were identified as F. sacchari
based on their physical appearance. On PDA, the
development was rapid, with a profusion of mycelia
ranging from colorless to pale violet and brownish
violet. The pigments ranged from colorless to
grayish orange, turning purple with age. After 3
days, colonies grew to a diameter of 2.3-3.70 cm at
25°C and 2.1-3.40 cm at 30°C. The conidiophores
were primarily branched at one level. Macro conidia
are thin, slender, slightly falcate, thin-walled, 3-4
septate, and range in size from 19 - 46.2 x 2.70 - 3.31
pm. The micro conidia were oval and somewhat 0-1
septate, measuring 5.41 - 15x 1.91 - 4.10 um.
Identification of antagonistic fungi

Typical fungal hyphea grows up to a diameter of 10
pum. Asexual spore formation produces single-celled,
green conidia (3 to 5 um) in enormous numbers that
are unconfined. They have distinct conidiophores
that form fascicles. The branches are broad and
flexuous. They may have conidial pigments that are
white or brilliant green. Most Trichoderma strains do
not reproduce sexually and instead produce asexual
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spores. When discovered, the sexual stage is found in
Ascomycetes of the genus Hypocrea.

Molecular characterization
After morphology isolates were further confirmed by
molecular analysis using primers set ITS 1F/ITS4 at
550 base pair were 4 isolates of Fusarium sachhari
and 3 isolates of Trichoderma hamatum,

Trichoderma harzianum , Trichoderma asperllum
identified. Phylogenetic trees were constructed by
Neighbor-joining method to conclude the
evolutionary relationship of isolated sequence (figure
5,6).
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Figure 5: Gel electrophoresis of 4 isolates of Fusarium sacchari (F.S, KC-8, AA and TH-10) and Trichoderma
asperrllum (G.M) and Trichoderma hamatum (UN-1)

Table 1. List of Fusarium and Trichoderma isolates applied in molecular study

Sample No Sample name Sample code Location
W16 Fusarium sacchari TH10 Sargodha
W17 Fusarium sacchari KC8 Jhang
W18 Fusarium sacchari AA D.G Khan
W19 Fusarium sacchari FS Layyah
X02 Trichoderma asperllum G.M Garah Mor
X03 Trichoderma hamatum UN-1 Faisalabad

W16 Fusarium sacchari(OPO70168)

MGI76396. Fusarium sp. strain LGMF1590
MH777054. Fusarium sp. strain CW. Hsieh CHD115
MT530039. Fusarium sp. clone SF 763

WMT530119. Fusarium sp. clone SF 843

FJ867936 Fusarium oxysporum strain LCF32
MT530212. Fusarium sp. clone SF 936
AF455450.Gibberella sacchar isolate wbh395
KX496880 Fusarium sp. strain UFSMQ32
ON329680. Fusarium oxysporum isolate e10

o W19 Fusarium sacchari(OPO70169)

sl AB374083. Fusarium sacchari

OWB886857 Fusarium sacchari

WMHB855403. Fusarium sacchari culture CBS:186.33 strain

5 OWB886511. Fusarnum sacchari
?'E W17 Fusarium sacchari(OPQ70167)
31 AB374079. Fusarium sacchari

W18 Fusarium sacchari(OPO70168)

T KC464631. Fusarium sacchari strain AAFC-Fcir-014
?’E KC464630 Fusarium sacchari strain AAFC-Fcir-002
® KC464630. Fusarium sacchari strain AAFC-Fcir-002
Figure 5. Phylogenetic tree constructed by Neighbor-joining method. To conclude the evolutionary
relationship of isolated sequence, 17 related sequences used

{ %02 Trichoderma hamatum
7
1T355443.1:1-608 Trichoderma hamatum isolate BTha33
KC403948.1:198-806 Trichoderma hamatum strain THMZ2
= {
#
KC403936.1.82-689 Trichoderma hamatum strain THH 1

1T111894.1:74-674 Trichoderma hamatum isolate HHEG12

95

KY810260.1:333-937 Trichoderma hamatum isolale 37

KC403953.1:176-783 Trichoderma hamatum strain THMT

MH215547.1:125-734 Trichoderma asperellum isolate Tasp-SR22

KXB20957.1:8-617 Trichoderma asperellum strain TSESP14-14

g — KT336508.1:9-618 Trichoderma asperellum isolaie M04

¥ { X03 Trichoderma asperellum
s
KM268696.1-10-619 Trichoderma asperellum strain YWG2(1)

KY225592 1:24-633 Trichoderma asperellum strain QT22043
Figure 1. Phylogenetic tree constructed by Neighbor-joining method. To conclude the evolutionary
association of isolated sequence of Trichoderma species, 10 related sequences used.

In vitro effect of antagonistic fungi against Dual culture test for inhibition of Fusarium sacharri
Fusarium sacchari was conducted (figure 7). The best three isolates of
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Trichoderma to inhibit the growth of pathogen is
N.F, UN-1, G.M, percentage inhibition for
Trichoderma  hamatum  (UN-1), Trichoderma
asperllum (G.M) and Trichoderma harzianum (N.F)
is 66%, 75.3%, 71.3% as represented in figure 8.

Interaction between fungal antagonists and days
against Fusarium sacchari causing wilt disease is

represented in table 2. Results of ANOVA regarding
effect of Antagonistic strains against Fusarium
sacchari causing sugarcane wilt in dual culture
method showed highly significant results as

presented in table 3.

N

Figure 2. Dual culture test for inhibition of Fusarium sacharri. Through fungal antagonism(A) Trichoderma
asperllum (G.M) showing 75.33% inhibition.(B) Trichoderma hamatum (UN-1) showing 66% inhibition.(C)
Trichoderma harzianum (N.F) Showing 71.3% inhibition.

% GROWTH INHIBITION

75.33

71.33
69.3
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66
64.1
62.8
61.41
61.33
59.66
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56.5
54.16

62.16
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F.S-GM
TH10-THA
TH10-TH
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KC8-UN1
F.S-UN1

AA-NF

F.S-NF

AA-TV

52.83
52.33
51.66
51
46.5
45.5
43.88
42.8
42.83
42.83
42.16

33

AA-THA

KC8-TP
F.S-TP

AA-TH
F.S-TH

TH10-UN1
KC8-TH
KC8-THA
F.S-TV
TH10-TP
TH10-TV
AA-TP
FS-THA

Figure 3. Average percentage of growth inhibition of antagonistic strains against Fusarium sacchari

Table 2. Interaction between fungal antagonists and days against Fusarium sacchari causing wilt disease

Antagonistic 3 days Percentage (%) 7 Days percentage
Strain ID inhibition (%)inhibition
AA-GM 69.667 bcdefghi 8la

AA-NF 51.6 pgrstuv 71 bedefg
AA-TH 36.66 z 49 rstuvw
AA-THA 46 vwxy 57.3 mnopq
AA-TP 39.33yz 45.3 vwxy
AA-TV 48 stuvwx 60.33 Imno
AA-UN1 65 efghijkim 67 cdefghijkl
F.S-GM 48.3 stuvwx 77.33 ab
F.S-NF 49.333 grstuvw 63.66 fghijklmn
F.S-TH 25.6 a 40.333 xyz
F.S-TP 39.3yz 48 stuvwx
F.S-TV 43.3 wxyz 61.33 jkimno
F.S-UN1 48.6 rstuvw 69.3 bcdefghij
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FS-THA 42.33 wxyz 42 wxyz
KC8-GM 56.66 nopqr 71.66 bedef
KC8-NF 69 cdefghijk 73.66 abcd
KC8-TH 49 rstuvw 58 mnop
KC8-THA 47.6 tuvwx 58 mnop
KC8-TP 46.33 uvwxy 55.6 nopgrst
KC8-TV 61.16 kimno 61.66 ijklmno
KC8-UN1 56 nopgrs 63.33 ghijklmn
TH10-GM 63.66 fghijklmn 75abc
TH10-NF 63.3 ghijklmn 72.66 bcde
TH10-TH 54.33 opgrstu 70b cdefgh
TH10-THA 58.33 mnop 66.6 defghijkl
TH10-TP 43.6 vwxyz 49.33 grstuvw
TH10-TV 42 wxyz 49 rstuvw
TH10-UN1 45.6 vwxy 62.66 hijklmn

*Mean sharing common letters do not differ significantly by HSD test.
Table 2. Analysis of variance regarding effect of Antagonistic strains against Fusarium sacchari causing
sugarcane wilt in dual culture method

Source DF SS MS F P
Replication 2 43.1 21.57

Strain 27 16882 625.29 24.85 0.0000
Days 1 5164.8 5164.83 205.22 0.0000
Strain x Days 27 1652.5 61.21 2.43 0.0006
Error 110 2768.4 25.17

Total 167 26511.8

Pathogenicity test

Grand Mean =55.908 CV =8.97

In this experiment used seven isolates of Fusarium
sacharri respectively (AA, TH-10, KC8, F.S, S4,
M4, S3) with concentration 2x10° and 3 replications
(figure 9). After 30 days the best disease incidence
were observed in TH-10, KC8, AA, F.S, 71.6%,

the basis of symptoms observed in leaves and re-
isolation of pathogen by Koch postulate (table 4,
figure 10).In table 5, analysis of variance regarding
effect in pathogenicity test showed highly significant
results. While in figure 11, average percentage of
disease incidence of different Fusarium sacchari
isolates for pathogenigityteslt is shown.

X
1

Figure 4. Comparison of growth between healthy plants and plants inoculated with Fusarium spp. for
pathogenicity test (A) Plants showing wilting symptoms (B) Control plants

Table Error! No text of specified style in document.. Reading after 15 and 30 days in pathogenicity test different
isolates of Fusarium sacchari

Treatment Strain ID

15 days % incidence

30 days % incidence
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T1 TH-10 55.16 ef 71.66 ab
T2 KC8 47.06 fg 60.8 6 cde
T3 AA 58.50 de 68.10 bc
T4 FS 64.66 bed 79.33a
TS5 s4 33.06 hi 37.83 gh
T6 M4 26.76 i 32.43 hi
T7 s3 17.16] 25.66 ij

*Mean sharing common letters do not differ significantly by HSD test.

PATHOGENICITY TEST
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Figure 5. Reading after 15 and 30 days in pathogenicity test.
Table 3. Analysis of variance regarding effect in pathogenicity test

Source DF SS MS F P
Replication 2 13.5 6.77

Treatment 6 13708.1 2284.68 230.59 0.0000
Days 1 1157.6 1157.63 116.84 0.0000
Treatments x Days 6 187.9 31.32 3.16 0.0183
Error 26 257.6 9.91

Total 41 15324.8

Grand Mean =48.450 CV =6.50

Average % Disease Incidence

100
72a
80 — 63.41b 63.3b
53.96¢
60
35.45d
29.6e
40 21.41f
0
TH-10 KC8 AA FS sS4 M4 s3

Figure 6. Average percentage of Disease incidence of different Fusarium sacchari isolates for pathogenicity
test
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Efficacy of trichoderma spp. against sugar cane
wilt disease (pot experiment)

After 160 days, the best results showed in treatment
three consortium of Trichoderma species and
Fusarium sacchari with concentration 2 applied at
same time in soil. In this treatment suppressed the
wilt disease as compare to disease control plants
(figure 12). Disease incidence was recorded in this
treatment is 10.6% and disease reduction was
recorded 80%. In second treatment with
concentration two, disease incidence was recorded
45.3% and disease reduction was recorded 59.3%. In

/df‘ A A

treatment first with concentration two, disease
incidence was recorded 45% and disease reduction
was recorded 35.6%. In disease control treatment
four, disease incidence was recorded 71%. Average
disease incidence was recorded in both concentration
is 48% (cY) and 71% (c?) (figure 13, 14 and 15).
Diseased plants showed wilt symptoms. In treatment
five consortium of Trichoderma species control
plants showed better efficacy as compared to disease
control. Plants height is greater than diseased plants
and look healthy and fresh.

\\
\

Figure 7. Efficacy of Trichoderma species A) Pot experiment check efficacy of Trichoderma asperllum (G.M),
Trichoderma hamatum (UN-1) and Trichoderma harzianum (N.F). against wilt, disease (B) Disease control (C)
Comparison of disease control and healthy control (D) Comparison of healthy control and Trichoderma
species control (E) Trichoderma species plants showed their efficacy

The result of pot experiment with both
concentration show their result with disease
incidence and disease reduction after 160 days
(figure 16). Results of analysis of variance

regarding effect of Antagonistic strains against
Fusarium sacchari in pot experiment (Disease
Reduction) showed highly significant results.

%Disease Incidence With two
Concentrations

H Concentrationl
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=
n
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Figure 8. Efficacy of Trichoderma species against wilt disease with both average concentrations showing
disease incidence
Table 4. Analysis of variance regarding effect of Antagonistic strains against Fusarium sacchari in pot
experiment (disease incidence)
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Source DF SS MS F P
Concentrations 2 104.08 52.04

Treatment 3 7321.67 2440.56 407.16 0.0000
Days 1 504.17 505.17 84.11 0.0000
Treatment x Days 3 549.50 183.17 30.56 0.0000
Error 14 83.92 5.99

Total 23 8563.33

Grand Mean = 34.333 CV=17.13

Average % Disease Incidence

70 59.5a
60

50
40
30

3%
27.16¢

20 11.66d
10
T1 T2 T3 T4
Figure 9: Average percentage disease incidence to check the antagonistic effect in different treatments.
% Disease Reduction With 2 Concentrations

m Concentrationl = Concentration2

6.33a
73.67a

59.33b

46.33c

35.66d

T1(FFFIT) T2FTFIF) T3(SFT)
Figure 10. Efficacy of Trichoderma species against wilt disease with both average concentrations showing

disease reduction
Table 5. Analysis of variance regarding effect of Antagonistic strains against Fusarium sacchari in pot
experiment (Disease Reduction)

31.66d

Source DF SS MS F P
Concentrations 2 26.33 13.17

Treatment 2 6504.33 3252.17 153.65 0.0000
Days 1 440.06 440.06 20.79 0.0000
Treatment x Days 2 78.11 39.06 1.85 0.2079
Error 10 211.67 21.17

Total 17 7260.50

Grand Mean =55.50 CV=38.29
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Average % Disease Reduction
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Figure 11. Average percentage disease reduction to check the antagonistic effect in different treatments

Discussion

Various biotic and abiotic elements in the field
influence the manifestation and severity of diseases.
In the previous study, scientists discovered wilting
symptoms in Pakistan's Punjab, Sindh, and KPK
provinces (Nisa. S.G et al, 2022). The
morphological study and identification of fungi is
important for identifying isolates up to the family or
genera level. Fungi species identification is critical in
both basic (ecology, taxonomy) and functional
(genomics, bioprospecting)  scientific  research
applications. In the present study, the morphological
characteristics and microscopic study antagonistic
and fungal cultures identified through identification
key. In the previous study scientist also worked on
the identification of F. Leslie and Summerell (2006)
did sacchari based on the taxonomic guidelines.
Molecular identification is important to find precise
species of fungi. Molecular analysis using primers
set ITS-1F/ITS4 at 550 base pair were 4 isolates of
Fusarium sachhari and 3 isolates of Trichoderma
hamatum, Trichoderma harzianum, Trichoderma
asperllum identified. In a previous work, O'Donnell
et al. (1998) used a TEF1-a gene-specific primer to
identify a Fusarium isolate, yielding an amplicon of
656 base pairs. Pathogenicity test was done. After 30
days the best disease incidence were observed in TH-
10, KC8, AA, F.S is 71.6%, 60.8%, 68% and 79.3%
with 2x10¢ concentration on the basis of symptoms
showing in leafs and re-isolation of pathogen by
Koch postulate.

Trichoderma species are already reported biological
agents that have previously been used to treat
Fusarium wilt in a number of crops of crops.
Trichoderma spp. are soil-inhabiting fungus that
have been employed to manage plant diseases. In our
study, the Trichoderma harzianum showed highest
percentage inhibition of 81% followed by
Trichoderma asperllum 73% and Trichoderma
harzianum (un-1) 63.3% against pathogen. In a study
conducted by Sundarmoorthy and Balabaskar (2013),

the effectiveness of Trichoderma against F.
oxysporum, the fungus responsible for the wilt
disease that affects tomato, was evaluated as was
reported effective. In a study that reached a similar
conclusion, Adhikary et al. (2017) reported that
Trichoderma treatment significantly reduced the
disease symptoms in eggplant (Solanum melongena
L.). Trichoderma isolates were tested in vitro against
the fungus Fusarium oxysporum, which is the agent
responsible for chickpea wilt disease. Anuragi and
Sharma (2016) found that T. reesei reported
antagonistic activity for F. oxysporum. Dual cultures
of Fusarium were followed by T. viride cultivation.
in addition to T. harzianum. However, despite the
fact that a number of studies have been arranged to
evaluate the potential of Trichoderma in other crops,
there have only been a very small number of studies
conducted to investigate the effectiveness of
Trichoderma in combating sugarcane wilt. In a few
of these earlier studies, the primary emphasis was
placed on determining the antagonistic potential of
six to seven isolates of Trichoderma against
Fusarium in vitro, and it was found that potent
isolates existed (Gawade et al., 2012). Sugarcane
wilt is believed to be caused by Fussarium sacchari,
which is now known to be the causative agent. When
it comes to managing sugarcane wilt, the use of
potent endophytic Trichoderma strains, as opposed
to rhizospheric Trichoderma strains, can give an
added advantage. This is due to the fact that
sugarcane wilt is primarily a soil-borne disease. The
endophytic genotypes will be better adapted to
populate themselves and inhibit the target pathogen
within the plant tissue, which may function better in
soil and the rhizosphere of the plant. This is because
endophytic strains are more closely associated with
the plant. A number of endophytic Trichoderma
strains have been utilized in the fight against wilt
caused by Fusarium in crops other than sugarcane.
For example, Dolatabadi et al. (2012) reported that
root endophytic strains of Trichoderma were able to
suppress F. sacchari, the fungus responsible for the
wilt disease that affects lentils. In a similar manner,
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Taribuka et al. (2017) tested endophytic
Trichoderma isolates against Fusarium sacharri, the
fungus that causes wilt disease in bananas.

Trichoderma play important role in antibiosis,
mycoparasitism, promotion of plant growth, induced
plant defense mechanisms, and amendment of
environment. To check the efficacy of trichoderma
against wilt disease in pots. In treatment three
consortium of Trichoderma strains and fusarium
sacharri with concentration 2 applied at same time
showed better efficacy as compared to other
treatments. Disease reduction was recorded 85% and
disease incidence was recorded 10 % in this
treatment after 160 days. Trichoderma and fusarium
spp both are present in soil so when fusrium spp
attack on crops Trichoderma spp. enter the pathogen-
produce enzymes to controlling the soil borne
pathogen so, this treatment showed better efficacy as
compared to other treatments to control wilt disease.
In disease control, plant disease incidence was
recorded 85%. Similar results were recorded by
According to Gawade et al. (2012), the study found
that various Trichoderma isolates have a strong
antagonistic effect on Fusarium sacharri mycelium
growth. Sabalpara et al. (2009) reported that
Trichoderma were examined for the goal of reducing
sugarcane wilt and root rot pathogens and obtaining
effective isolates. The isolates were cultured on
Trichoderma special medium, and a pressmud-based
formulation was created for large-scale field
application. In addition, it was shown that various
strains of the same species were inhibited to varying
degrees. A variety of isolates of Trichoderma
harzianum parasitized S. rolfsii, as reported by Henis
and colleagues 1983. The TCVSI-1 (18.00 mm) and
TCVSI-3 (6.00 mm) were suppressed by all three
isolates of the pathogen in concentrations of 25, 50,
and 75 percent, but T. harzianum and 100 percent
concentration were shown to be the most potent at
100 percent concentration by Dharmaputra and his
study team 1994. As a whole, the inhibition
performed the best. LCF increased Macrophomina
concentration in all treatments, according to
Etabarian, 2006 although T.viridae decreased colony
area. TCVSI-1 LCF performed best among six
phaseoli by 19.2% and 34.9% using dual culture and
Trichoderma species cellophane techniques. All
three concentrations of Ghisalberti, PIMG, and
TCVSI-3. Other than mycelium, Rowland, 1993,
found nothing in a concentration greater than one
hundred percent. The Trichoderma's metabolites
resulting from interactions and hyperparasitism. The
activity of produced by basidiomycetes in freshly
fallen pine antibiotic metabolites in Trichoderma
could impact the outcome of decay species, and
scientists have recognized this as a contributing
factor in the. Biocontrol of plant diseases by Dennis
and Webster. Dennis and microorganism have

described the potential of Trichoderma to produce

inhibitory chemicals in culture filtrate against

Trichoderma and inhibitory substances against

microorganisms. Webster is a producer of

antibiotics.
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