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ABSTRACT

Citrus holds an important place in promoting the horticultural wealth and economy of India. Foot rot caused by 
Phytophthora spp. is a widespread problem of the citrus nursery. Citrus jambhiri, a widely used rootstock in nursery 
production, is found susceptible to the Phytophthora spp. Hence, the present study was carried out to evaluate 
antagonistic activity of Trichoderma spp. isolates against Phytophthora nicotianae var. parasitica causing foot rot in 
C. jambhiri under lab and net-house conditions. Seven isolates (parent and mutant) of Trichoderma spp. were tested 
in vitro. Amongst them, T20 mutant (Trichoderma asperellum) exhibited maximum mycoparasitism, volatile activity 
and non-volatile activity, i.e. 83.70%, 79.26% and 84.81%, respectively. The same T20 mutant (T. Asperellum) also 
showed maximum glucanase activity, i.e. 1.98 unit/ml. Further, talc-based bio formulations of T. asperellum T20 isolate 
(parent and mutant) were tested under net-house conditions over a period of two years (2016–2017 and 2017–2018) 
at the research farm of Punjab Agricultural University, Ludhiana, Punjab. Amongst all the treatments, the application 
of T20 mutant (T. asperellum) (seed + soil 15 g) had minimum disease incidence (13.33%), maximum disease control 
(83.30%) and maximum growth promotion i.e. shoot length (37.67 cm) and root length (30.67 cm). Based on our 
findings, T. asperellum T20 mutant strain used as seed + soil treatment was able to effectively manage the foot rot, 
in C. jambhiri nursery under net-house conditions and also promoted the plant growth.
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The genus Citrus, comprises 140 genera and 1300 
species, is distributed throughout the world (Savita et 
al. 2012). India covers 1054 thousand ha producing 
13976 thousand MT of citrus and holds 4th position at 
the global level in citrus production (Meena et al. 2018). 
Phytopathogenic soil-borne fungi and oomycetes pose a 
threat to plant productivity globally for a wide range of crops 
(Cacciola and Gullino 2019). Phytophthora is considered as 
one of the most destructive soil-borne pathogens, causing 
economic losses in citrus production throughout the 
world (Naqvi 2002). In India, Phytophthora parasitica, P. 
citrophthora and P. palmivora have been involved in causing 
foot rot, collar rot, crown rot and root rot in citrus (Gade 
and Koche 2012). P. parasitica was mainly responsible for 
causing disease symptoms in 10–80% plants of C. sinensis 
and 10–100% plants of Kinnow mandarin in Punjab (Kapoor 
and Bakshi 1967, Kaur et al. 2010). 

Traditionally, the soil-borne pathogens were managed 
by the application of synthetic fungicides which proved 
to be very effective but they were not environmentally 
friendly. Moreover, Oomycete pathogens could develop 
resistance by repeated applications of synthetic fungicides 

(Sanchez et al. 2019). As an alternative, biological control 
is an eco-friendly and natural approach to overcome the 
problems caused by routine chemical methods of plant 
protection (Ling et al. 2010). Among the biocontrol agents, 
Trichoderma is the most exploited soil fungi due to their 
versatility, adaptability and ease of handling (Mukherjee 
et al. 2013). Trichoderma spp. exhibits the disease control 
by the production of secondary metabolites that strengthen 
the plant’s immune system, mycoparasitism (Mayo et al. 
2015, Li et al. 2018), plant growth promotion as well as 
an increased shoot-root biomass enhancing the mineral 
assimilation (Nawaz et al. 2018, Benocci et al. 2019). 
Therefore present study was carried out (a) to evaluate the 
efficiency of indigenous strains of Trichoderma species 
against Phytophthora nicotianae var. parasitica which 
was tested in vitro; (b) to evaluate biological efficiency of 
talc based bioformulation of Trichoderma asperellum T20 
(parent and mutant) against the foot rot in C. jambhiri under 
net-house conditions.

MATERIALS AND METHODS
Seven different antagonistic strains of Trichoderma spp. 

(Accession no.:MK210562.1, MK210429.1, MK210428.1, 
MK211208.1, MK210235.1, MK209012.1 and MK209008.1) 
and three pathogenic strains of Phytophthora nicotianae 
var. parasitica were previously isolated and identified 
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were conducted in a completely randomized design (CRD) 
with 20 treatments and 3 replications each. All the data were 
in triplicates and subjected to analysis using the statistical 
package SPSS software version 22 and statistical package 
CPCS-1. The treatment means were separated by Duncan’s 
multiple range test (DMRT) and were determined by the 
magnitude of F value (P≤0.05). 

RESULTS AND DISCUSSION
 In vitro screening of different isolates of Trichoderma 

spp. against P. nicotianae var. parasitica pathogen: All 
the seven isolates of Trichoderma (parent and mutant) 
significantly inhibited the mycelial growth of P. nicotianae 
var. parasitica over control (Table 1). Amongst all the 
isolates, T20 (parent and mutant) isolate of T. asperellum 
showed maximum mycoparasitism (74.81% and 83.70%) 
followed by T16 (parent and mutant) (73.96% and 80.37%). 
Our findings corroborated with the study of Andrade-

by molecular methods (Choudhary et al. 2021). Above 
mentioned seven parent isolates were used to develop seven 
mutant strains of Trichoderma through different mutagens 
like EMS (Ethyl Methane Sulfonate) and UV rays. Selected 
Trichoderma isolates were evaluated against P. nicotianae 
var. parasitica by using different techniques like dual 
culture (Morton and Stroube 1955), volatile metabolites and 
non-volatile methods (Dennis and Webster 1971). Per cent 
inhibition of mycelial growth of P. nicotianae var. parasitica 
over control was calculated by as (Hajieghrari et al. 2010): 

Per cent inhibition= (C-T)/C×100

where C, Radial growth of the pathogen in control; T, Radial 
growth of the pathogen. 

β-1,3-glucanase activity was performed according to 
the method described by Ahmed (2015) and analyzed in 
terms of production of reducing sugar formed during assay 
using a spectrophotometer at 540 nm. The experiments were 
conducted, on sterilized soil mixture (two parts of soil and 
one part of farm yard manure) contained in black polythene 
bags (2850 cm3) over a period of two years (2016–2017 
and 2017–2018) in the net house of Department of Plant 
Pathology, Punjab Agricultural University, Ludhiana, 
Punjab. Ten seeds of C. jambhiri were sown in black 
polythene bags and the T20 T. asperellum (parent and 
mutant) was applied as; (a) seed dressings (5, 10 and 15 
gm of formulation/kg of seed); (b) soil application in black 
polythene bags-5, 10 and 15 g/kg of soil mixture; (c) Seed + 
soil (Combination of a and b); d) Drenching of soil mixture 
by Ridomil Gold MZ 68 WP (Metalaxyl-M+mancozeb) 
@2.5 g per litre of water. An untreated control treatment 
was also maintained. Multiplication and spore suspension 
of pathogen was done on sorghum seeds as described by 
Kaur et al. (2013). Inoculation of the pathogen was done 
after 20–25 days of the emergence of seedlings (Dhakad 
et al. 2014). Per cent disease incidence, per cent inhibition 
of disease and parameters of plant growth promotion (root 
length and shoot length) were also recorded. The experiments 

Table 2	Quantitative estimation of glucanase (β-1,3-glucanase) 
activities of different Trichoderma isolates

Isolates Glucanase activity (unit/ml)*

Parent (Mean)1 Mutant (Mean)1

T2 T. asperellum 0.47b 1.44ef

T3 T. asperellum 0.48b 1.64de

T4 T. asperellum 0.53b 2.26c

T16 T. asperellum 1.19a 3.06b

T20 T. asperellum 1.31a 3.62a

T21 T. asperellum 0.44b 1.28f

T25 T. harzianum 0.53b 1.90d
  CD (P=0.05) 0.18 0.31

*Values presented are the means of three replicates. 1Mean 
values labeled with different letters are significantly different 
from the control level by Duncan's multiple range tests at 95% 
confidence.

Table 1  In vitro screening of Trichoderma isolates against P. nicotianae var. parasitica

Isolate Radial Growth (cm)* 
(Mean) 1

Mycoparasitism  
(%)

Radial Growth (cm)* 
(Mean) 1

Mycoparasitism  
(%)

(Parent) (Mutant)

T2 T. asperellum 2.84bc 68.41 2.22b 75.33
T3 T. asperellum 2.80bc 68.89 2.08bc 76.93
T4 T. asperellum 2.61bcd 71.00 1.87cd 79.26
T16 T. asperellum 2.34cd 73.96 1.77d 80.37
T20 T. asperellum 2.27d 74.81 1.47e 83.70
T21 T. asperellum 2.90 b 67.78 2.27b 74.81
T25 T. harzianum 2.63bcd 70.74 1.93cd 78.52
Control 9.00a - 9.00a -
  CD (P=0.05) 0.59 - 0.24 -

*Values presented are the means of three replicates. 1Mean; values labeled with different letters are significantly different from the 
control level by Duncan's multiple range test at 95.0% confidence.
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Table 3  Effect of application of T20 (Parent and mutant) on disease incidence and inhibition under net house conditions

Isolate Dose Per cent disease incidence Per cent disease inhibition over control

Mean1

2016–17
Mean1

2017–18
Pooled1

Mean
Mean1

2016–17
Mean1

2017–18
Pooled1

Mean

T20 Parent
(T. asperellum)

5* 40.00b

(39.13)
40.00b

(39.13)
40.00b

(39.21)
52.00e

(46.12)
47.83d

(43.73)
49.91f

(44.93)

10* 36.67bc

(37.20)
40.00b

(39.13)
38.33bc

(38.20)
56.00de

(48.42)
47.83d

(43.73)
51.91ef

(46.07)

15* 33.33bcd

(35.20)
33.33bcd

(34.99)
33.33bcde

(35.15)
60.00cde

(50.74)
56.52bcd

(48.72)
58.26def

(49.73)

5** 36.67bc

(37.20)
36.67bc

37.20)
36.67bcd

(37.20)
56.00de

(48.42)
52.18cd

(46.22)
54.09def

(47.32)

10** 33.33bcd

(35.20)
36.67bc

(37.12)
35.00bcde

(36.22)
60.00cde

(50.74)
52.18cd

(46.22)
56.09def

(48.47)

15** 30.00bcde

(32.98)
30.00bcde

(32.98)
30.00bcdef

(32.98)
64.00bcde

(53.10)
60.87abcd

(51.25)
62.43bcdef

(52.17)

5*** 30.00bcde

(32.98)
30.00bcde

(32.98)
30.00bcdef

(33.19)
64.00bcde

(53.10)
60.87abcd

(51.25)
62.43bcdef

(52.17)

10*** 26.67bcef

(30.98)
26.67bcdef

(30.98)
26.67cdefg

(31.05)
68.00abcde

(55.52)
65.22abcd

(53.83)
66.61abcde

(54.67)

15*** 23.33cdef

(28.76)
26.67bcdef

(30.98)
25.00cdefgh

(29.98)
72.00abcd

(58.02)
65.22abcd

(53.83)
68.61abcde

(55.90)

T20 Mutant
(T. asperellum)

5* 33.33bcd

(34.99)
33.33bcd

(35.20)
33.33bcde

(35.15)
60.00cde

(50.74)
56.52bcd

(48.72)
58.26def

(49.73)

10* 26.67bcdef

(30.98)
23.33cdef

(28.76)
25.00cdefgh

(29.91)
68.00abcde

(55.52)
69.57abcd

(56.49)
68.78abcde

(56.00)

15* 23.33cdef

(28.76)
23.33cdef

(28.76)
23.33efgh

(28.76)
72.00abcd

(58.02)
69.57abcd

(56.49)
70.78abcd

(57.25)

5** 26.67bcdef

(30.98)
26.67bcdef

(30.98)
26.67cdefg

(30.98)
68.00abcde

(55.52)
65.22abcd

(53.83)
66.61abcdef

(54.67)

10** 23.33cdef

(28.06)
23.33cdef

(28.27)
23.33efgh

(28.22)
72.00abcd

(58.02)
69.57abc

(56.49)
70.78abcd

(57.25)

15** 20.00def

(26.05)
16.67ef

(23.84)
18.33fgh

(24.98)
76.00abc

(60.64)
78.26ab

(62.18)
77.13abc

(61.40)

5*** 16.67ef

(23.84)
20.00def

(26.05)
18.33fgh

(24.98)
80.00ab

(63.40)
73.91abc

(59.26)
76.96abc

(61.28)

10*** 13.33f

(21.13)
16.67ef

(23.84)
15.00gh

(22.58)
84.00a

(66.39)
78.26ab

(62.18)
81.13a

(64.22)

15*** 13.33f

(21.13)
13.33f

(21.13)
13.33h

(21.13)
84.00a

(66.39)
82.61a

(65.32)
83.30a

(65.85)

Metalaxyl-
M+Mancozeb****

2.5 gm 16.67ef

(23.84)
16.67ef

(23.35)
16.67gh

(23.73)
80.00ab

(63.40)
78.26ab

(62.18)
79.13ab

(62.79)

Control - 83.33a

(66.11)
76.67a

(61.19)
80.00a

(63.52)
-- -- --

 CD (P=0.05) 8.76 9.24 7.33 10.19 12.44 9.26

 *Seed treatment, ** Soil treatment, *** Seed +soil treatment, **** Standard check. Figures in parenthesis are arc sine transformation. 
1Mean values labeled with different letters are significantly different from the control level by Duncan’s multiple range test at 95% 
confidence.
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For assessing growth promotion, length of shoot and 
root were measured (Supplementary Table 3). Amongst all 
the treatments of T20 T. asperellum (parent and mutant); 
the shoot length was 37.67 cm and 35 cm when T20 mutant 
(seed+soil application) was applied @15 g and 10  g 
respectively over the control (9 cm). Similar trends were 
seen with respect to root length i.e., 30.67 cm and 29.83 cm 
when T20 T. asperellum was applied as above mentioned 
concentration. Our findings were supported by Sawant et 
al. (1995) who reported that the shoot height of Rangpur 
lime seedlings was maximum in T. harzianum treatment 
as compared to other treatments. Similarly, an increase 
in the root matter accumulation with the inoculation of 
Trichoderma spp. has been reported by different workers 
(Stephan et al. 2003).

The outcome of the present study strengthens the 
ecofriendly approach to use the talc-based bioformulation 
of T20 Trichoderma asperellum as seed + soil application 
for management of seedling foot rot of the citrus nursery. 
By this approach, the use of Metalaxyl-M + Mancozeb can 
be avoided or reduced, thus reducing the chances of the 
development of resistant strains and nontarget inhibition 
of beneficial microflora.
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