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Abstract

Indian mustard is the third largest oilseed crop and important for the food security concern. Among various diseases of mus-
tard crop, Alternaria leaf spot also known as Alternaria blight, causes yield loss of up to 70%. The use of chemicals to treat
the diseases is not environmentally friendly, lead poor health of soil and damage food for the consumption. The combinations
of multiple antagonistic organisms may provide improved disease control over the use of single organisms. Multiple organ-
isms enhance the level and consistency of control by providing multiple mechanisms of action; combinations of fungi and
bacteria may provide protection at different times or under different conditions and complementary niches. This investigation
was performed to explore the potential of consortium of rhizospheric bacteria and fungi to use them as bio control agents
for suppression of the blight of mustard and plant growth-promoting activities. The inoculated seeds were established under
greenhouse and field conditions. Based on the results, one out of four consortia has shown reduction of disease incidence
by 28% and increase in seed yield by 42% as compared to control under field conditions against the pathogen. The growth
parameters like length of the leaves, roots, stem, plant height, numbers of leaves, and seed development were measured after
8 weeks of planting. Microbial consortia increased the growth parameters better in comparison to single inoculant treatments.
Thus, the consortia could be a reliable alternative instead of chemical fertilizers and pesticides for mustard.
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Introduction disease suppression with biocontrol formulations (Haggag

and Nofal 2006).

The diverse community of microbes on earth has a vital
role in the environment's geological and biological processes
(Tringe et al. 2005; Xu 2006). Biocontrol agents, including
fungi and bacteria, have distinct mechanisms against plant
pathogens. Fungal biocontrol agents act against the pathogen
through physical contact, while bacterial biocontrol is based
on antibiosis mechanism for disease suppression (Howell
2003; Mohiddin et al. 2010). Application of microbial
biofertilizers in tomato increases the soil properties and act
as compatible fertilizer (Mpanga et al. 2018) and amalgam
of two or more beneficial microbes increase the efficiency of
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Combination of two or more different species of micro-
organisms that work together as a community is termed as
microbial consortium, some of the previous work reported
on the combination of microbial inoculants includes a con-
sortium of bacteria (Raupach and Klopper 1998), consor-
tium of biocontrol fungal and bacterial isolates (Shah et al.
2008). Development of consortium requires microorganisms
which are easy to handle, long shelf life, non-pathogenic,
have synergistic effect, have natural defence system against
pathogens, and are compatible with each other. Combina-
tion of biocontrol agents improved the growth (Kumar et al.
2016a; Kumar et al. 2016b; Berendesen et al. 2018). In the
last few years, stress is shifted towards the utilization of
biocontrol agents (BCAs) with distinct mechanisms against
soil-borne pathogens and to increase their efficiency against
numerous diseases. Literature supports that many species
of Trichoderma and Pseudomonas have great biocontrol
potential against fungal pathogens (Zegeye et al. 2011; Bhat-
tacharjee and Dey 2014; Sood et al. 2020) and microbial
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consortia of Pseudomonas and Trichoderma either though
seed treatment or foliar spray in the soil successfully reduce
the disease intensity of the crop (Manjula et al. 2004). An
approach involving Plant Growth Prompting Rhizobacteria
(PGPR) and its combination with different species and gen-
era shows synergistic effect that has been applied (Beneduzi
et al. 2012; Gouda et al. 2018).

Several reports have suggested that a combination of
Pseudomonas fluorescens with several BCAs used for con-
trolling plant diseases. The PGPR consortia showed signifi-
cant increase in germination percentage and enhanced multi-
ple plant growth characteristics, against Aspergillus niger, A.
Sflavus, Fusarium oxysporum (Syed et al. 2020). Microbial
consortium of efficient strains for biological control helps
in improving microbial efficacy, reliability, and consistency
under diverse soil and environmental conditions (Sharma
et al. 2020), and will work against a wide range of pathogens
and would also improve the quality of the crop (Chaube and
Sharma 2002).

The objective of the present study is to evaluate the effi-
cacy of microbial consortia of selected biocontrol agents to
reduce Alternaria blight disease and to check the variation
in growth parameters in Brassica juncea caused by A. bras-
sicae under laboratory, greenhouse, and field conditions.

Materials and methods
Isolation of biocontrol agents and fungal pathogen

Isolates were collected from mustard fields at Indian
Agricultural Research Institute (IARI), Delhi (Lati-
tude 28°38'23"N, Longitude: 77°09'27"E., Altitude:
228.61 m above sea level). The bacterial isolates were main-
tained on nutrient agar slants while fungal isolates on PDA
agar slants at 4 °C during the study. In the present investi-
gation, two Trichoderma harzianum isolates designated as
Th3 (Accession no. MW041160) and Th2 (Accession no.
MWO041161) and two Pseudomonas isolates designated as
B12 (Accession number MT704967) and B3 (Accession
number MT704966) (Gupta et al. 2020) were chosen due to
their antagonistic effect against Alternaria brassicae.
Infected leaves with characteristic symptoms like necro-
sis, concentric black rings were picked and incised into
5-10 mm bits, then were sterilized using 0.1% sodium
hypochlorite solution followed by washing with sterile dis-
tilled water twice and air dried for few minutes. The small
leaf bits were further inoculated on Potato Dextrose Agar
(PDA) media plates and were incubated in BOD for 3-5 days
at temperature of 25 +2 °C followed by their morphologi-
cal and microscopic identification. They were identified as
Alternaria brassicae based on their mycelial growth, colony
characteristics and microscopic examination.
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In vitro compatibility test

Compatibility tests of all the four selected BCAs were per-
formed on PDA media using the method described by Manjula
et al. (2004).The fungal bio control agents were classified into
two groups: slow and fast growing fungi. The fungi covered
the full plate within 3 days and those needed more than 3 days
were considered as fast growing and slow growing fungi,
respectively (Upamanya et al. 2020).For this experiment, the
fungal and bacterial bio control agents were inoculated simul-
taneously as both the BCAs were fast growing. Lack of inhibi-
tion zone at the point of intersection indicates the compatibility
between two strains (Jha et al. 2012). All the experiments were
repeated thrice. Ten combinations of microbes were tested for
compatibility viz. B3 +B12, Th2 +Th3, B3+ Th2, B3+ Th3,
B12+Th2, B12+Th3, B3+B12+Th2, B3+ B12+Th3,
Th2+Th3+B3 and Th2+Th3+B12.

Seed priming

Based on results obtained in compatibility experiments, micro-
bial consortia were prepared using the efficient and compat-
ible isolates of Pseudomonas and Trichoderma. Mustard seeds
(var. Pusa Vijay) used in the experiment were sterilized by
soaking them in a solution of sodium hypochlorite solution
(0.5%) for 2-3 min and seeds were further rinsed with distilled
water. For mustard seeds priming talcum powder was used as
a carrier with an inoculum of Pseudomonas and Trichoderma
in combination then slurry was prepared using 10 g of Tricho-
derma formulation, and 100 ml Pseudomonas broth and the
cfu count of the culture was maintained at 2 x 10> mL ", Steri-
lized mustard seeds were then drenched in this slurry overnight
at room temperature then seeds were transferred to the blotting
sheet for air drying. Seeds treated with 1% carboxy methyl
cellulose (CMC) served as control.

Bioefficacy of microbial consortia against A.
brassicae under pot and field conditions

The experiments were performed to check the ability of micro-
bial consortia under greenhouse and field conditions using bio
primed seeds. The treatment combinations with 3 replications
were as follows:T 1=Control (Pathogen i.e. A. brassicae), T
2=B3+Th2+A. brassicae, T 3=B3+Th3+A. brassicae,
T 4=B12+Th2+A. brassicae and T 5=B12+Th3 +A.
brassicae.

Effect of microbial consortium on germination
of mustard seed under in vitro conditions

Ten bio-primed seeds of mustard of each treatment were
placed on water agar plates to check their compatibility
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and rate of germination. The experiment was performed
in replicates of three plates of each treatment. The seeds
were treated with CMC and A. brassicae served as control.
Regular monitoring was conducted, and the data recorded
after 10 days.

Pot and field trials of microbial consortium

To evaluate the efficacy of developed consortia against
Alternaria blight in Indian mustard under greenhouse con-
ditions, plants were grown in earthen pots of 30 inches depth
and 20 inches diameter containing soil, three pots per treat-
ment were used as replicates (Abd-El-Khair et al. 2019). Ten
bio primed seeds per pot were sownat 2 cm deep to check
the germination rate. Thinning was performed after 30 days,
and only five plants per pot were evaluated. Irrigation was
provided once in a week.

The field experiment was performed during two con-
secutive years 2016-2017 and 2017-2018 from Octo-
ber to April at Department of Plant Pathology, Indian
Agriculture Research Institute (IARI), New Delhi (Lati-
tude 28°38"2""'N, Longitude: 77° 09'27"E, Altitude: 228.61 m
above sea level) in completely randomized block design
(CRD) using four replications of mustard plants in each row
with two-row replications of each treatment. The spacing of
25 cm seed to seed and spacing of 65 X cm from row to row
was maintained. All the plant biometric parameters like seed
germination, plant height, and seed yield were evaluated up
to 90 days of sowing or germination.

The germination percentage and seed vigour index was
calculated as described by Abdul and Anderson (1973).Ger-
mination percent, seed vigour was calculated according to
Jha et al. (2012). Disease incidence was recorded at 15 days
post inoculation (dpi) of the pathogen and was measured
disease severity using scale 0-5 (Shrestha et al. 2005), where
0 indicates no infection, 1 = 1-10% leaf area covered by the
disease, 2=10-20% leaf area covered, 3=20-30% leaf area
covered, 4 =30-40% leaf area covered, 5=40-100% leaf
area covered. Observations were recorded and data was col-
lected for the plant biometric parameters and seed produc-
tion after 90 days of sowing.

Statistical analysis

All in vitro investigations were performed with three rep-
licates for each treatment. The experiment for green house
and field assay were performed in a completely randomized
block system (CRD). Data were collected and statistically
analysed with One-way ANOVA tests using SPSS software
version 11.0. Mean data were compared with the significant
difference at P <0.05.

Results and discussions
In vitro compatibility test

The results of compatibility test revealed that two different
species of microbes were growing well in the same plate
without any inference while isolates of the same species did
not show compatibility with each other. It was witnessed that
out of all the consortia formulation applied, only few shows
synergistic effect in consortia while others showed competi-
tion and restricted the growth of other microbe in presence
of one. It was also observed that when all the four biocontrol
agents were grown together in same plate, they did not show
any compatibility and their mycelial growth was affected in
the presence of other microbes. This may be due to com-
petition of nutrients among the same set of species during
growth. Bacterial isolates B3 and B12 when grown in indi-
vidual treatment with only one fungal biocontrol agent have
no effect on the growth of Th2 and Th3 (Fig. 1). There was
no zone of inhibition, and lack of inhibition zone between
the isolates, suggests that their antagonistic metabolites do
not inhibit each other. Based on the compatibility test, all
four isolates and their mixed combinations were selected
for further studies.

Application of biocontrol consortia against fungal and
bacterial pathogens can be utilized to the fullest by selecting
most potential strains and not by arbitrary use of consortia
(Sharma et al. 2020). Similar results have been observed
in compatibility assay with, P. fluorescens GB 10 showing
no effect on the growth of T. viridepq 1 and both showing
synergistic effect with each other (Manjula et al. 2004). The
radial growth of T. harzianumwas favoured by the presence
of P. fluorescens (Dandur and and Knudsen 1993). Harshita
et al. (2019) also supported this study who reported compat-
ibility of T. harzianum and P. fluorescens in both in vivo and
in vitro conditions.

In vitro analysis of the microbial consortium

In this study, all the developed consortia were analysed
through seed treatment in water agar plates by germination
percentage evaluation (Fig. 2). Elastic increase was recorded
in germination percentage in the treatments inoculated with

Fig. 1 In vitro compatibility test —
among biocontrol isolates Th2+ B3
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microbial consortia. Maximum germination (80%) was
observed in T 2 (B3 +Th2 +A. brassicae) whereas mini-
mum germination (68%) was recorded in T5 (B12+Th3 +A.
brassicae) compared to 55% in negative control without any
treatment (Table 1). Based on the results of the above experi-
ment, it is evident that seeds treated with consortium shows
the increased germination and can further be evaluated under
greenhouse and field conditions.

Biocontrol assay of microbial consortium
under greenhouse conditions

Soil-borne pathogen affects the germination of B. juncea
crop by affecting its root system. All the developed consortia
were evaluated under greenhouse conditions. Highest ger-
mination rate (75%) was observed in treatment T2 followed
by T3 (70.00%), T4 (65.00%) and T5 (70.00%) respectively.
The untreated seeds in treatment T1 (control) lowest germi-
nation of 45.00%. The outcome of this experiment reveals
that the maximum vigour index (17,966.88) was recorded in
T2, and the least vigour index (11,321.19) was recorded in
T 5 (Table 2). The pooled data analysis (Table 2) indicated
that application of consortia B3 4+ Th2 (T2) showed disease
incidence of 45.3% as compared to control (69.7%), which
was found significantly superior over all the treatments. All
the treatments showed significant improvement in plant
length and weight in comparison to the control. Maximum
root length (33.53 cm), shoot length (147.00 cm), root fresh
weight (25.69 g), shoot fresh weight (132.75 g), root dry
weight (15.14 g), shoot dry weight (84.25 g) were observed
in T2 and this was followed by T3 and T4 (Table 2).
Preliminary studies have underlined the importance of
biocontrol agents like Pseudomonas spp. and Trichoderma
spp. in reducing the intensity of foliar diseases of mustard
crop (Jackson and Kumar 2019). The results are in accord-
ance with several other workers who used combinations of
biocontrol agents for the management of soil-borne disease

Table 1 Effect of different
combination of biocontrol
agents on seed germination of
mustard in in vitro conditions

Treatment % Germination

T1 (Control) 55

T2 80
T3 7
T4 70
T5 68
CD 1.305
SE (m) 0.394

T 1=Control (Patho-
gen ieA.  brassicae), T
2=B3+Th2+A. brassicae, T
3=B3+Th3+A. brassicae, T
4=B12+Th2+A. brassicae
and T 5=B12+Th3+A. bras-
sicae

(Mwangi et al. 2011). In a similar study on the tomato
plant conducted by Singh et al. (2013), a combination of T.
harzianum and P. fluorescens increased the growth of the
plant and reduced the incidence of blight disease by 52.23%
caused by Alternaria solani. The amalgam of potential bio-
control agents Trichoderma spp. and P. fluorescens gave bet-
ter results in diminishing disease caused by Ralstonia spp.
as compared to when applied as single biocontrol (Yendyo
et al. 2017). Most of the research on the management of
disease through biological control mostly focuses on a single
strain, but the research nowadays has been shifted towards
mixing two or more fungal or bacterial species together
to attain better results (Vorholtet al. 2017; Woo and Pepe
2018). This is because mixed cultures can adapt to different
environmental conditions and will have a dual-mode mech-
anism of action against the pathogen (Garcia et al. 2003;
Sarma et al. 2015) (Fig. 3).

Higher seed yield was also witnessed in plants treated
with the microbial consortium, compared to untreated con-
trol under greenhouse conditions (Table 2). Plants treated

Fig. 2 In vitro analysis of the microbial consortium on seed germination of mustard after 10 days
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Table 2 Effect of consortia on biometric parameters and seed production of Brassica juncea under greenhouse conditions

Total seed

Seeds/seed

pod

Dry wt. shoot Vigour index Number of

(@

Dry wt. root

(@

Fresh wt.

Shoot Length  Fresh wt.

(cm)

Root Length

(cm)

% Disease % Germina-

Treatment

seed pods/ count/plant

plant

shoot (g)

Root (g)

tion

incidence

1608
2245

9.81
14.88
13.44
12.25
12.00

102.50

9237.81

55.00
84.25

9.75
15.14
13.44
11.88
12.10

20.13 118.81

117.88

19.94
33.53
30.44

45
20.63

T1 (Control) 69.7

T2

150.69

17,966.88

132.75

25.69
24.25

147.00

75

453

1729
1501
1427
1.896

0.573

128.56

13,152.29

71.38
65.50

126.06

125.88

70

54.2

T3

122.81

11,973.00

130.31

23.81

124.06

65

58.5
62

T4

119.38

11,321.19

68.94

120.31

20.25

29.27 123.44

70

T5

1.744
0.526

1.541

0.465

10.485

2.020
0.613

2.179 1.753
0.658 0.529

2.603

0.654 2.983

2.850
0.860

2.950

CD

3.166

0.901 0.786

0.198

0.891

SE (m)

B12+Th3+A. brassicae

=B12+Th2+A. brassicae and T 5=

B3+Th3+A. brassicae, T 4

B3+Th2+A. brassicae, T 3

T 1=Control (Pathogen i.e. A. brassicae), T 2

Fig.3 a Diseased mustard leaves in untreated control (T1), b Plants
in Treatment T 2 (B3 +Th2)

with microbial consortia of T. harzianum, P. aeruginosa
and B. subtilis enhanced seed yield and plant growth when
applied in pigeon pea plant with root rot disease caused by
Sclerotinia sclerotiorum (Jain et al. 2015).

Biocontrol assay of microbial consortium under field
conditions

The results in Fig. 4 reveals that highest germination per-
centage of 84.5% was recorded in T 2, and the minimum
was recorded in T1 (55.0%) which is control during first
crop cycle whereas highest germination percentage of 80.0%
was recorded in T4 during second crop cycle as compared to
47.5% in control (T1). Inoculation with microbial consortia
(dual biocontrol) increases the plant growth and results a
good yield of the plants. The lowest disease incidence of
45.6% was recorded in T4 compared to 74.5% in T1 (con-
trol) during first crop cycle. During second crop cycle T2
reported lowest disease incidence of 48.0% in contrast with
T1 (68.5%).

Steady increase in all the plant growth parameters
was also witnessed in both the crop cycles (2016-2017,
2017-2018). Plants treated with consortia B3+ Th2 (T2)
shows maximum elevation in root length (42.0 cm,47.38 cm)
and shoot length (190.75 cm, 206 cm) after 90 days of sow-
ing, in compare to control root length (30.62 cm,30.38 cm)
and shoot length (160.75 cm,162.50 cm) during both crop
cycles (Table 3). A subsequent enhancement in root length
is due to the increased uptake of nutrients by the plant.

The maximum increase in the fresh root and shoot
weight of the plant was witnessed in T2 (87.50 g,
343.63 g), followed by T3 (68.75 g, 305.25 g), T4 (61.50 g,
327.63 g), and TS5 (64.75 g, 310.63 g), compared to con-
trol (53.38 g, 208.13 g) during first crop cycles. Compa-
rable results were witnessed in second crop cycle having
maximum fresh weight in T 2 (98.75 g, 344 g) compared
to control T 1 (55.38 g, 216 g). The highest increase in
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Fig.4 Effect of consortia on seed germination (%) and disease severity (%) of B. juncea in field trials during both cropping years

dry root weight (46.50 g, 50.63 g) and dry shoot weight
(186.25 g, 201.63 g) was also recorded inT2 followed by
all the remaining treatments during both the crop cycles
as displayed in Table 3).

Not much research has been conducted for the man-
agement of blight disease of mustard through the com-
bined effect of Trichoderma spp. and Pseudomonas spp.,
but only individual effect against the disease has been
reported. Integrated management of Alternaria blight
and white rust in mustard by using a combination of T.
harzianum, Pseudomonas fluorescens, different plant
extracts, and fungicides has been reported by Rathi and
Singh (2009).The microbial consortium of potential and
effective biocontrol agents acts against a broad range of
phytopathogens through multiple defense systems like
synergistic effect and increasing plant resistance towards
different pathogens (Singh 2016).The application of T.
viride, along with neem and eucalyptus oil, significantly
reduced the disease incidence of A. brassicae in mustard
crops (Ansari et al. 2017). The results are in proximity
with Istifadahet al. (2019), who reported a positive effect
of microbial consortia against late blight of potato.

Results of seed production of T 2 (6072, 6436) have dis-
played an elevated increase compared to other treatments
tested during two subsequent crop cycles (Table 3). All
the biometric, vegetative parameters, and seed production
tested, were higher in treatment 2 (B3 + Th2), the formu-
lated consortia. Negligible disease incidence (include the

@ Springer

disease incidence per cent) was observed in this treatment
in field conditions. Treatment of plants with (B3 4+ Th2)
was the most effective treatment among all the consortia
tested in terms of plant growth and seed production The
result of the above research corroborates with the find-
ings of Kabdwal et al. (2019), who reported that integrated
management with soil application of both 7. harzianum
and P. fluorescens increased the plant growth, yield and
reduce the plant mortality in experimental fields.

Conclusion

Microbial consortia with four potential biocontrol agents viz,
Trichoderma spp. and Pseudomonas spp. were studied for
their combined effect against blight disease of mustard. The
developed microbial consortia were found to have biocontrol
ability and were highly compatible with each other. Results
concluded that among four treatments, T2 with consortia of
B3 and Th2 molecularly characterized as P. fluorescens and
T. harzianum respectively was found to be the most effec-
tive consortia under greenhouse and field conditions. The
outcome of the present work suggests that the combination
of microbes has good potential in reducing the disease inci-
denceand helps in plant growth promotion with increased
seed productivity.



985

Indian Phytopathology (2022) 75:979-987

apo1ss4q 'Y+ UL+ TI A= I PUC 20215504q "V +TUL+TTA=1 L 20oIssniq 'Y+ UL+ €A =¢ I ‘2021sspiq "V +TYL+ = L ‘(20215504 "y 21 udSoyied) [onuod =1 [,

560 1€6'8 66961 §06°0 LS990 7180 YLLO 0681 0LLO (810T-L100) (W) AS
VIN 865°6C €€T'S9 666'C 9LI'C 96L'C §9¢¢ 6SC9 6¥SC (8102-L102) AD
9LS’1 L69 y19°¢l 08L°0 8IC'1 494\ 798°0 86L°0 €80 (L10T-9100) (W) AS
VIN 860°¢C 980°S¥ ¥86°C (43087 8611 198°C (454 woLe (L10T-9102) AD
€l 10t 7966 00°6¢1 SL'LE SLYCE SL'89 SL'681 0S'1€ 810T-L10T
4! 98¢ 86¢¢ 88'1CI £9'C¢ £€9°01¢ SL'Y9 LET8I 29°0¢ L10T-910C SL
4! 6S¢ 16¢¢ STLTl £€9'9¢ 0§°6ce 88°09 STL6l 8¢C¢ 810C-LI0CT
4! LyE 800§ (Yaant 88°6C €9°LTE 0s°'19 LE L8] L8°0¢ L10T910C L
Sl 80% 0965 Lol 8¢’ 1y SL90¢ €999 c€l'L81 §'8¢ 810C—LI0C
el 91y LOSS 8CLLT SL'6g ST S0¢ SL'89 00°L81 79°6€  L10T—910C €L
91 v 9¢t9 £€9°'10C £€9°0S €9rPe SL'86 0090T 8¢'Ly 810C-LI0OC
Sl 601 CLO9 G981 09 €9°LYE 0S°L8 SL061 00Cy L10T-910C <L
11 8¢ 9eTy €811 68°0C 0091¢ 8¢°GS 087291 8¢°0¢ 810C-LIOC
01 6CC 9€¢ SL'601 9661 €1'80C 8¢S SL091 29°0¢ L10T—910T (TonuoD) 11,
spod
pod paos Poss jo
1od spaag  ou [ejo], Junod pass [e10], (3) j00ys ‘m A1q (8) 1001 Im K1 (3)j00ys Im ysaIrq (S) 1001 Im ysar (wo) Y3udfjooys (wo) yi3udl ooy hi:e) g JUSWBAI],

(81—-L107) 910K doio pug pue (£1-97107) 9[0A2 do1d 3sT Surmp suonipuod p[ay Ispun naoun/ paisspig jo uononpoid pass pue s1ojowered SIOWOIQ UO BIIOSUOD JO J03JH € d|qelL

pringer

a's



986

Indian Phytopathology (2022) 75:979-987

References

Abd-El-Khair H, El-Nagdi WM, Youssef MM, Abd-Elgawad MM,
Dawood MG (2019) Protective effect of Bacillus subtilis, B.
pumilus, and Pseudomonas fluorescens isolates against root knot
nematode Meloidogyne incognita on cowpea. Bull Nati Res Cent
43(1):1-7

Abdul Baki AA, Anderson JD (1973) Relationship between decar-
boxylation of glutamic acid and vigor in soybean seed. Crop Sci
13(2):227-232

Ansari S, Lal EP, Tiwari S (2017) Organic alternative and man-
agement of leaf blight of mustard. J Pharmacogn Phytochem
6(6):1463-1465

Berendsen RL, Vismans G, Yu K, Song Y et al (2018) Disease-induced
assemblage of a plant-beneficial bacterial consortium. The ISME
J 12(6):1496-1507

Beneduzi A, Ambrosini A, Passaglia LM (2012) Plant growth-pro-
moting rhizobacteria (PGPR): their potential as antagonists and
biocontrol agents. Genet Mol Biol 35(4):1044-1051

Bhattacharjee R, Dey U (2014) An overview of fungal and bacterial
biopesticides to control plant pathogens/diseases. Afr J Microbiol
Res 8(17):1749-1762

Chaube HS, Sharma J (2002) Integration and interaction of solarization
and fungal and bacterial bioagents on disease incidence and plant
growth response of some horticultural crops. Plant Dis Res 17:201

Dandurand LM, Knudsen GR (1993) Influence of Pseudomonas fluo-
rescensonhyphal growth and biocontrol activity of Trichoderma
harzianum in the spermosphere and rhizosphere of pea. Phytopa-
thology 83(3):265-270

Gouda S, Kerry RG, Das G, Paramithiotis S, Shin HS, Patra JK (2018)
Revitalization of plant growth promoting rhizobacteria for sus-
tainable development in agriculture. Microbiol Res 206:131-140

Garcia RAM, Ten Hoopen GM, Kass DC, Garita VAS, Krauss U
(2003) Evaluation of mycoparasites as biocontrol agents of
Rosellinia root rot in cocoa. Biol Control 27(2):210-227

Gupta S, Didwania N, Singh D (2020) Biological control of mustard
blight caused by Alternariabrassicae using plant growth promot-
ing bacteria. Curr Plant Biol 23:100166. https://doi.org/10.1016/j.
¢pb.2020.100166

Haggag WM, Nofal MA (2006) Improving the biological control of
Botryodiplodia disease on some Annona cultivars using single or
multi-bioagents in Egypt. Biol Control 38(3):341-349

Harshita AS, Khan JB, Tripathi UK, Ratan V, Trivedi S, Mishra A,
Verma A (2019) In-vitro evaluation of systemic fungicides against
Fusarium oxysporum f. sp. lycopersici and their compatibility
with bioagents. ] Pharmacogn Phytochem 8(3):3117-3123

Howell CR (2003) Mechanisms employed by Trichoderma species in
the biological control of plant diseases: the history and evolution
of current concepts. Plant Dis 87(1):4-10

Istifadah N, Fatiyah N, Fitriatin BN, Djaya L (2019) Effects of dosage
and application frequency of microbial consortium mixed with
animal manure on bacterial wilt and late blight diseases of potato.
IOP Conf Series: Earth Environ Sci 334(1):012038. https://doi.
org/10.1088/1755-1315/334/1/012038

Jackson KS, Kumar A (2019) Management of Alternaria leaf spot on
Indian mustard through chemical and biological agents. Plant Cell
Biotechnol Mol Biol 20(3—4):162-178

Jain A, Singh A, Singh S, Singh HB (2015) Biological management
of Sclerotinia sclerotiorum in pea using plant growth promoting
microbial consortium. J Basic Microbiol 55(8):961-972

Jha CK, Patel B, Saraf M (2012) Stimulation of the growth of Jat-
rophacurcas by the plant growth promoting bacterium Entero-
bacter cancerogenus MSA2. World J Microbiol Biotechnol
28(3):891-899

@ Springer

Kabdwal BC, Sharma R, Tewari R, Tewari AK, Singh RP, Dandona
JK (2019) Field efficacy of different combinations of Trichoderma
harzianum, Pseudomonas fluorescens, and arbuscular mycor-
rhiza fungus against the major diseases of tomato in Uttarakhand
(India). Egypt J Biol Pest Control 29(1):1-10

Kumar S, Stecher G, Tamura K (2016a) MEGA7: Molecular evolution-
ary genetics analysis version 70 for bigger datasets. Mol Biol Evol
33(7):1870-1874

Kumar P, Pandey P, Dubey RC, Maheshwari DK (2016b) Bacteria
consortium optimization improves nutrient uptake, nodulation,
disease suppression and growth of the common bean (Phaseolus
vulgaris) in both pot and field studies. Rhizosphere 2:13-23

Manjula K, Kishore GK, Girish AG, Singh SD (2004) Combined appli-
cation of Pseudomonas fluorescens and Trichoderma viride has an
improved biocontrol activity against stem rot in groundnut. Plant
Pathol J 20(1):75-80

Mwangi MW, Monda EO, Okoth SA, Jefwa JM (2011) Inoculation of
tomato seedlings with Trichodermaharzianum and arbuscularmy-
corrhizal fungi and their effect on growth and control of wilt in
tomato seedlings. Braz J Microbiol 42(2):508-513

Mohiddin FA, Khan MR, Khan SM, Bhat BH (2010) Why Trichoderma
is considered super hero (super fungus) against the evil parasites?
Plant Pathol J (Faisalabad) 9(3):92—-102

Mpanga IK, Dapaah HK, Geistlinger J, Ludewig U, Neumann G (2018)
Soil type-dependent interactions of P-solubilizing microorganisms
with organic and inorganic fertilizers mediate plant growth pro-
motion in tomato. Agronomy 8(10):213. https://doi.org/10.3390/
AGRONOMY8100213

Rathi AS, Singh D (2009) Integrated management of Alternaria blight
and white rust in Indian mustard. In: Proc 16th Australian Res
Assembly on Brassicas on changing foods, changing climate,
changing canola held at Ballarat, Australia, http://www.australian
oilseeds.com/data/assets/pdf_file/0010/6859/48

Raupach GS, Kloepper JW (1998) Mixtures of plant growth-promoting
rhizobacteria enhance biological control of multiple cucumber
pathogens. Phytopathology 88(11):1158-1164

Sarma BK, Yadav SK, Singh S, Singh HB (2015) Microbial consor-
tium-mediated plant defense against phytopathogens: readdressing
for enhancing efficacy. Soil Biol Biochem 87:25-33

Sharma P, Jambhulkar PP, Raja M, Sain SK, Javeria S (2020) Tricho-
derma spp. in consortium and their rhizospheric interactions. In:
Sharma A, Sharma P (eds) Trichoderma. Springer, pp 267-292

Shah AA, Hasan F, Akhter JI, Hameed A, Ahmed S (2008) Degrada-
tion of polyurethane by novel bacterial consortium isolated from
soil. Ann Microbiol 58(3):381-386

Shrestha SK, Munk L, Mathur SB (2005) Role of weather on Alternaria
leaf blight disease and its effect on yield and yield components of
mustard. Nepal Agric Res J 6:62-72

Singh HB (2016) Seed biopriming: a comprehensive approach towards
agricultural sustainability. Indian Phytopathol 69(3):203-209

Singh SP, Singh HB, Singh DK (2013) Trichoderma harzianum and
Pseudomonas sp. mediated management of Sclerotium rolfsiirot
in tomato (Lycopersicon esculentum Mill.). Life Sci 8(3):801-804

Sood M, Kapoor D, Kumar V, Sheteiwy MS, Ramakrishnan M, Landi
M et al (2020) Trichoderma: the “secrets” of a multitalented bio-
control agent. Plants 9(6):762. https://doi.org/10.3390/plants9060
762

Syed S, Tollamadugu NP, Lian B (2020) Aspergillus and Fusarium
control in the early stages of Arachis hypogaea (groundnut crop)
by plant growth-promoting rhizobacteria (PGPR) consortium.
Microbiol Res 240:126562

Tringe SG, Von Mering C, Kobayashi A, Salamov AA, Chen K, Chang
HW et al (2005) Comparative metagenomics of microbial com-
munities. Science 308(5721):554-557

Upamanya GK, Bhattacharyya A, Dutta P (2020) Consortia of
entomo-pathogenic fungi and bio-control agents improve the


https://doi.org/10.1016/j.cpb.2020.100166
https://doi.org/10.1016/j.cpb.2020.100166
https://doi.org/10.1088/1755-1315/334/1/012038
https://doi.org/10.1088/1755-1315/334/1/012038
https://doi.org/10.3390/AGRONOMY8100213
https://doi.org/10.3390/AGRONOMY8100213
http://www.australianoilseeds.com/data/assets/pdf_file/0010/6859/48
http://www.australianoilseeds.com/data/assets/pdf_file/0010/6859/48
https://doi.org/10.3390/plants9060762
https://doi.org/10.3390/plants9060762

Indian Phytopathology (2022) 75:979-987

987

agro-ecological conditions for brinjal cultivation of Assam. 3Bio-
tech 10(10):450. https://doi.org/10.1007/s13205-020-02439-3

Vorholt JA, Vogel C, Carlstrom CI, Miiller DB (2017) Establishing
causality: opportunities of synthetic communities for plant micro-
biome research. Cell Host Microbe 22(2):142-155

Woo SL, Pepe O (2018) Microbial consortia: promising probiotics as
plant biostimulants for sustainable agriculture. Front Plant Sci
9:1801. https://doi.org/10.3389/1pls.2018.01801

Xu HG, Ono T, Esashi M (2006) Precise motion control of a nanoposi-
tioning PZT microstage using integrated capacitive displacement
sensors. J Micromech Microeng 16(12):2747

Yendyo S, Ramesh GC, Pandey BR (2017) Evaluation of Trichoderma
spp., Pseudomonas fluorescens and Bacillus subtilis for biologi-
cal control of Ralstonia wilt of tomato. F1000Research 6:2028.
https://doi.org/10.12688/f1000research.12448.3

Zegeye ED, Santhanam A, Gorfu D, Tessera M, Kassa B (2011) Bio-
control activity of Trichoderma viride and Pseudomonas fluores-
cens against Phytophthora infestans under greenhouse conditions.
J AgricTechnol 7(6):1589-1602

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s13205-020-02439-3
https://doi.org/10.3389/fpls.2018.01801
https://doi.org/10.12688/f1000research.12448.3

	Microbial consortium: an eco-friendly approach against Alternaria brassicae in Indian mustard
	Abstract
	Introduction
	Materials and methods
	Isolation of biocontrol agents and fungal pathogen
	In vitro compatibility test
	Seed priming
	Bioefficacy of microbial consortia against A. brassicae under pot and field conditions
	Effect of microbial consortium on germination of mustard seed under in vitro conditions
	Pot and field trials of microbial consortium
	Statistical analysis

	Results and discussions
	In vitro compatibility test
	In vitro analysis of the microbial consortium
	Biocontrol assay of microbial consortium under greenhouse conditions
	Biocontrol assay of microbial consortium under field conditions

	Conclusion
	References




