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Introduction 

Okra (Abelmoschus esculentus L.), a nutrient-rich vegetable from 

the Malvaceae family, is a valuable dietary component providing 

carbohydrates, proteins, fats, vitamins A, C, B6 and folic acid, as 

well as essential minerals like calcium, magnesium, potassium, 

iron, zinc, phosphorus, β-carotene, riboflavin and dietary fiber 

(1). Thriving mainly in summer under optimal conditions of 30-

35 °C, pH 6-7 and sandy loam soil. Okra is cultivated on 

approximately 1.26 million hectares globally, yielding 22.29 

million tonnes at a productivity rate of 15.10 t/ha (2). Despite its 

nutritional benefits and dietary importance, okra farming faces 

significant challenges, especially from pest infestations, 

necessitating proactive and effective management strategies (3–

5). Okra is vulnerable to various insect pests from the vegetative 

through reproductive phases, causing substantial damage, with 

around 72 insect species recorded on this crop (6). These pests 

include both sucking and chewing types.  

 Among chewing pests, the leafworm Spodoptera litura 

(Fab.) is notably destructive, targeting okra in its early 

vegetative state (7). This sporadic pest can cause crop losses 

ranging from 25.8 % to 100 %, depending on the crop stage 

and infestation level (8). S. litura also infests various crops, 

including brassicas, maize, cotton, flax, lucerne, rice, soybeans, 

tobacco, jute, tea, cucurbits, potatoes, capsicum, tomatoes, 

eggplants, cauliflowers, radishes, peanuts and other legumes 

(9). Feeding in groups, these pests strip leaves, leaving only the 

midribs (10). In the Asia-Pacific region, S. litura is particularly 

destructive due to its high reproductive capacity and 

significant infestation levels. Recent advances have explored 

biological (11, 12) and bio-pesticidal (13, 14) methods to 

manage major crop pests. However, for immediate and 

accessible pest control, toxic insecticides remain widely used, 

although they present environmental risks such as crop 

residues, pest resistance and resurgence (15, 16). To balance 

effective pest control with environmental safety, alternative 

methods are essential.  

 Biological control, such as using microorganisms to 

combat pests, offers an eco-friendly solution (17). Beneficial 

rhizobacteria colonize plant roots, utilizing root exudates and 

lysates (18, 19). Certain non-pathogenic rhizobacteria can 

activate systemic resistance (ISR) in plants, strengthening 

defences against fungal, bacterial and viral pathogens, as well 

as against insect and nematode pests (20). Around 2–5 % of 

rhizobacteria, when reintroduced into soils with competitive 

microflora, can enhance plant growth and are classified as 

plant growth-promoting rhizobacteria (PGPR) (21). These plant 
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Abstract  

Okra (Abelmoschus esculentus) is an important crop often targeted by Spodoptera litura, a destructive pest that damages the leaves and 
impairs plant growth, ultimately affecting yield. Plant growth-promoting rhizobacteria (PGPR) have emerged as a promising alternative to 

chemical pesticides for sustainable pest management. This study evaluated the impact of various PGPR strains, including Bacillus subtilis 

Bbv57, on the growth and development of S. litura larvae feeding on okra. Controlled laboratory experiments and biochemical analyses 

were conducted to assess the consumption, digestion and utilization of PGPR-treated plant materials by S. litura. The results showed that 
PGPR treatments significantly reduced larval consumption and weight gain compared to untreated controls. Additionally, PGPR-treated 

plants resulted in shorter feeding periods, lower consumption indices, growth rates and conversion efficiencies of ingested and digested 

food. Faecal output was also reduced in larvae fed on PGPR-treated leaves. These findings suggest that PGPR can enhance plant defence 

mechanisms, leading to a reduction in pest feeding efficiency. The study highlights the potential of PGPR in inducing systemic resistance 
and biochemical responses that contribute to pest management. Therefore, this research supports the integration of PGPR in sustainable 

pest management strategies, offering both environmental and economic benefits in agriculture.  
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growth-promoting rhizobacteria (PGPR) include strains like 

Pseudomonas and Bacillus, which act as biofertilizers and 

support plant growth and pest resistance both directly and 

indirectly (20, 22, 23). PGPR possess essential characteristics, 

including the ability to colonize the root surface, survive and 

multiply effectively and compete with other microorganisms 

during their activity period (24).  

 Directly, PGPR aids plant growth through improved 

nitrogen uptake, phytohormone synthesis, mineral 

solubilization and iron chelation (25). Additionally, some PGPR 

suppress soil-borne pathogens by producing siderophores, 

antimicrobial compounds, or by outcompeting for nutrients and 

niches (23). Indirectly, certain PGPR enhance plant defences 

against leaf-feeding pathogens and pests by inducing physical 

and chemical defence barriers, a process known as ISR (18, 26, 

27). Hence, PGPR would be of great value, especially to conserve 

natural enemies and to avoid potential problems encountered 

when some insecticides fail to control populations that have 

developed resistance (28). This research, therefore, aims to 

examine PGPR's role in regulating the feeding behaviour, growth 

and development of S. litura on okra.  

 

Materials and Methods  

Okra F1 hybrid COBh4 seeds were treated with talc-based 

formulations of each PGPR strain, standardized to a 

concentration of 1 × 10⁸ CFU/g, at a rate of 10 g per kg of seed 

and sown in earthen pots. Before sowing, each PGPR 

formulation was incorporated into the soil at a rate of 5 g per 

pot, supplemented with 100 g of well-decomposed farmyard 

manure. At 30 days after emergence (DAE), the potted okra 

plants were sprayed with the respective PGPR formulations at 

a concentration of 5 g/L using a hand atomizer. The 

experiment followed a Completely Randomized Design (CRD) 

with seven treatments, each replicated three times. The 

treatments consisted of seed treatment (ST) with 10 g/kg of 

seed, soil application (SA) at 2.5 kg/ha and foliar spray (FS) at 5 

g/l of water with talc formulations containing 1x10⁸ CFU/g of 

Bacillus subtilis Bbv57 (T1), Bacillus amyloliquefaciens (T2), 

Rhizobium pusense (T3), Ensifer sp. (T4), Siphanobacter sp. (T5) 

and an imidacloprid seed treatment at 7 g/kg of seed (T6) 

along with an untreated control (T7). The talc formulations of 

B. subtilis Bbv57 and B. amyloliquefaciens were sourced from 

the Department of Plant Pathology at Tamil Nadu Agricultural 

University, Coimbatore, while R. pusense, Ensifer sp. and 

Siphanobacter sp. were obtained from the Microbiology Unit of 

the Department of Soil Science and Agricultural Chemistry at 

the Agricultural College and Research Institute, Killikulam. 

Studies on food consumption indices 

Laboratory studies were conducted to evaluate the impact of 

PGPR on the growth and development of S. litura in okra. The 

consumption, digestion and utilization of PGPR-treated plant 

materials by S. litura were analyzed under controlled 

conditions of 33 ± 2 °C temperature and 75 ± 5 % relative 

humidity. Each treatment included three replications, with ten 

larvae per replicate. Third instar larvae, starved for four hrs, 

were fed okra leaves harvested from potted plants three days 

after foliar application of PGPR formulations. Fresh weights of 

the larvae, the food provided, the remaining food after feeding 

and the faecal output were recorded at 24 hr intervals using a 

balance. Food ingestion was calculated as the difference 

between the initial and leftover food weights, while larval 

weight gain was determined as the difference between the 

initial and final larval weights. The mean weight of the larvae 

was obtained by averaging their initial and final weights (29). 

The growth indices for S. litura were computed as per a 

previous study(30).  

 

 

 

 

 

 

 

 

 

 

 

Studies on biochemical analysis  

The biochemical analysis involved estimating total phenol, 
tannin and defense enzyme activities such as peroxidase, 

polyphenol oxidase and phenylalanine ammonia lyase (PAL) 

following standard protocols. Leaf samples were collected 30 

days after emergence (DAE) from five randomly selected plants 

for biochemical and defense enzyme estimations. Additionally, 

the induction of these biochemical and defense enzyme 

activities was assessed 72 hr after the foliar application of 

PGPR formulations.   

Estimation of biochemicals 

Total phenol 

Total phenol content was determined using the method an 

earlier research (31). Leaf samples (500 mg) were collected, 

weighed and ground using a mortar and pestle with 10 mL of 

80 % alcohol for homogenization. The extracts were 

centrifuged at 10000 rpm for 20 min, after which the residue 

was discarded and the supernatant was evaporated. Six 

milliliters of distilled water were added to the sample and 0.5 

mL of the sample was pipetted into test tubes, with the volume 

adjusted to 3 mL using distilled water. Subsequently, 0.5 mL of 

Folin-Ciocalteu reagent was added, followed by 2 mL of 20 % 

sodium carbonate solution after 3 min. The mixture was 

heated in a boiling water bath for one minute, cooled and the 

absorbance was measured at 650 nm using a UV-VIS 

spectrophotometer (Agilent Cary Win®). The total phenol 

Approximate digestibility (AD)=  

Weight of food ingested 

x 100 
Weight of food ingested  - Weight of faces 

Efficiency of conversion of digested food (ECD)=  

Weight gained 

Weight of food ingested  - Weight of faces 
x 100 

Efficiency of conversion of ingested food (ECI)=  

Weight gained 

Weight of food ingested  
x 100 

Growth rate (GR)=  

Weight gain of the larva during feeding period 

Feeding period x Mean weight of larva  

during feeding  period 

Consumption index (CI)=  

Weight of food eaten 

Feeding period x Mean weight of larva  

during feeding  period 
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content was expressed in milligrams per gram of fresh weight.  

Tannin: Tannin content was determined using the AOAC  

method with slight modifications (32). Folin-Denis reagent and 

saturated sodium carbonate were used for the assay and 

tannin levels were expressed as milligrams of Tannic Acid 

Equivalence (TAE) per 100 g of dry weight.   

Estimation of defense enzymes 

Leaf samples from each treatment were collected in a chiller box 

and brought to the laboratory for enzyme extraction. One gram 

of the sample was homogenized in 5 mL of 0.1 M sodium 

phosphate buffer (pH 7.0) and centrifuged at 10000 rpm for 20 

min at 4 °C. The supernatant was used to determine the 

activities of defense enzymes such as peroxidase (PO), 

polyphenol oxidase (PPO) and phenylalanine ammonia lyase 

(PAL).   

Peroxidase (PO) 

Peroxidase activity was analyzed using an earlier research (33). 

The reaction mixture contained 3.5 mL of sodium phosphate 

buffer (pH 6.5), 200 µL of enzyme extract and 0.1 mL of freshly 

prepared o-dianisidine solution. The reaction was initiated by 

adding 0.2 mL of 0.2 M hydrogen peroxide. Changes in 

absorbance at 430 nm were recorded at 30 s intervals for three 

minutes using a UV-VIS spectrophotometer (Agilent Cary Win®). 

The enzyme activity was expressed as changes in absorbance 

per minute per gram of tissue.   

Polyphenol Oxidase (PPO) 

The procedure described by Augustin, Ghazali (34) was followed 

to determine PPO activity. The reaction mixture comprised 1 mL 

of 0.05 M catechol and 4.5 mL of 0.2 M phosphate buffer (pH 6.8, 

30 °C). The reaction was initiated by adding 0.5 mL of enzyme 

extract. Absorbance changes at 410 nm were recorded every 30 s 

for 3 min using a UV-VIS spectrophotometer (Agilent Cary Win®). 

The enzyme activity was expressed as units per minute per gram 

of tissue.   

Phenylalanine Ammonia Lyase (PAL) 

PAL activity was estimated following the method described in a 

previous study (35). The reaction mixture included 0.5 mL of 

buffer, 0.2 mL of enzyme solution and 1.3 mL of distilled water. 

The reaction was initiated by adding 1 mL of L-phenylalanine, 

followed by incubation at 32 °C for 30 min. The reaction was 

stopped by adding 0.5 mL of 1 M trichloroacetic acid. The 

absorbance was measured at 290 nm using a UV-VIS 

spectrophotometer (Agilent Cary Win®). Enzyme activity was 

expressed as micromoles per minute per gram of tissue.   

Statistical analysis   

Data on consumption indices and biochemical parameters 

were square-root transformed for analysis. Statistical analyses 

were conducted using R software and treatment means were 

compared using the least significant difference (LSD) test at a 5 

% probability level.   

 

Results 

Effect of PGPR-treated okra plants on consumption, 

digestion and utilization of E.  vittella 

The feeding experiment showed that the PGPR treatments 

significantly reduced the consumption, digestion and 

utilization of S. litura over the untreated plants (Fig. 1 & Table 

1). S. litura consumed 1.68 g of leaves collected from plants 

treated with B. subtilis Bbv57 and more consumption of leaves 

on a fresh weight basis was observed in untreated plants (2.02 

g), followed by imidacloprid treatment (2.01 g of leaves). The 

faecal weight was also low when larvae fed on B. subtilis Bbv57 

treatment (0.78g larva-1) followed by B. amyloliquefaciens (0.80 

g larva-1) compared to the larva fed on untreated (0.90 g larva-1) 

and imidacloprid treated leaves (0.90 g larva-1). There was a 

significant difference in the weight gain by S. litura larvae when 

fed on untreated plants than PGPR-treated leaves. Among the 

treatments, B. subtilis Bbv57 treatment recorded lower weight 

gain (0.47g larva-1), followed by larvae provided with leaves 

from B. amyloliquefaciens treated plants (0.50 g larva-1). The 

average weight gain per larva was high on untreated plants 

(0.64 g larva-1) and on leaves collected from imidacloprid-

treated plants (0.63 g larva-1). The feeding period also varied 

significantly among the treatments. The feeding period was 

low for B. subtilis Bbv57-treated leaves (8.96 days) compared to 

imidacloprid treatment (9.99 days) and untreated plants (10.01 

days). The consumption index (0.0562), growth rate (0.0162), 

efficiency of conversion of the digested food (ECD) (52.22 %), 

efficiency of conversion of the ingested food (ECI) (27.98 %) 

and the approximate digestibility (AD) (53.57 %) were low 

when S. litura fed with leaves collected from plants treated 

with B. subtilis Bbv57. Similarly, the CI (0.0691), GR (0.0201), 

ECD (53.76 %), ECI (28.90 %) and AD (53.76 %) were lower for 

the larvae fed on B. amyloliquefaciens-treated plant leaves. The 

untreated plants recorded high CI (0.0932), GR (0.0294), ECD 

(57.14 %), ECI (31.68 %) and AD (55.45 %). 

Table 1. Consumption, digestion and utilization of PGPR treated okra leaves by S. litura 

In a column, means followed by common letters are not significantly different by LSD (P=0.05)  

S.No Treatments 
Total food 

 consumed/ 
larva (g) 

Weight of 
faeces voided/ 

larva (g) 

Weight 
gain 
(g) 

Feeding 
period 
(days) 

Consumption 
index 

(CI) 

Growth 
rate 
(GR) 

ECD % ECI % AD % 

T1 Bacillus subtilis Bbv57 1.68a 0.78a 0.47a 8.96a 0.0562a 0.0162a 52.22a 27.98a 53.57a 

T2 Bacillus 
amyloliquefaciens 

1.73a 0.80a 0.50a 9.02a 0.0691a 0.0201a 53.76ab 28.90ab 53.76ab 

T3 Rhizobium pusense 1.97b 0.89b 0.59b 9.76b 0.0850b 0.0250b 54.63abc 29.95bcd 54.82b 

T4 Ensifer sp. 1.95b 0.89b 0.58b 9.66b 0.0833b 0.0254b 54.72bcd 29.74bc 54.36b 

T5 Siphanobacter sp. 1.96b 0.88b 0.60b 9.78b 0.0861b 0.0263b 55.56bcd 30.61cde 55.10b 

T6 Imidacloprid 48FS 2.01b 0.90b 0.63b 9.99b 0.0894b 0.0281b 56.76cd 31.34de 55.22b 

T7 Untreated control 2.02b 0.90b 0.64b 10.01b 0.0932b 0.0294b 57.14d 31.68e 55.45b 

CD (P = 0.05) 0.15** 0.075** 0.052** 0.39** 0.0071* 0.0021* 2.46** 1.51** 1.09** 
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Effect of PGPR-treated okra plants in enhancing biochemical 

activity 

The application of PGPR significantly improved the production 

of secondary metabolites and defense enzyme activities 

(Tables 2 & 3).  

 Estimation of biochemicals: During Rabi 2020, foliar 

application of PGPR at 30 DAE notably increased phenol and 

tannin levels compared to untreated plants. B. subtilis Bbv57 

recorded the highest phenol (1.96 mg g-1) and tannin (1.98 mg 100 

g-1) contents 72 hr after treatment, followed by B. 

amyloliquefaciens with phenol and tannin levels of 1.11 mg g-1 

and 1.49 mg 100 g-1, respectively. Conversely, imidacloprid-

treated plants showed lower phenol (0.66 mg g-1) and tannin 

(1.05 mg 100 g-1) levels, with untreated plants also recording low 

phenol (0.53 mg g-1) and tannin (0.99 mg 100 g-1) contents (Table 

2). 

 In summer 2021, the biochemical analysis showed a 

significant rise in phenol and tannin levels in PGPR-treated 

plants compared to controls. Plants treated with B. subtilis 

Bbv57 exhibited the highest phenol (2.54 mg g-1) and tannin (2.37 

mg g-1) levels, followed by B. amyloliquefaciens with 1.71 mg g-1 

phenol and 1.49 mg g-1 tannin. Untreated plants and those 

treated with imidacloprid had lower levels of phenol (1.18 mg g-1 

and 1.28 mg g-1, respectively) and tannin (1.18 mg g-1 and 1.28 mg 

g-1, respectively) (Table 3). 

 Estimation of Defense Enzymes: Defense enzyme activity 

was also significantly elevated during Rabi 2020 after PGPR 

application (Table 3). B. subtilis Bbv57-treated plants 

demonstrated the highest peroxidase (14.72 min-1 g-1), polyphenol 

oxidase (16.01 min-1 g-1) and phenylalanine ammonia lyase (PAL) 

(113.64 µM min-1 g-1) activities. In comparison, untreated plants 

had lower enzyme activities, with peroxidase (2.09 min-1 g-1), 

polyphenol oxidase (3.44 min-1 g-1) and PAL (50.39 µM min-1 g-1). 

Imidacloprid-treated plants also exhibited lower activities of 

peroxidase (3.88 min-1 g-1), polyphenol oxidase (6.92 min-1 g-1) and 

PAL (60.31 µM min-1 g-1) (Table 2). 

 A similar trend was observed in summer 2021 (Table 3), 

where PGPR treatments enhanced the activity of all defense 

enzymes. B. subtilis Bbv57-treated plants recorded the highest 

activities for peroxidase (16.82 min-1 g-1), polyphenol oxidase 

(18.16 min-1 g-1) and PAL (117.79 µM min-1 g-1). By contrast, 

untreated plants and imidacloprid-treated plants showed lower 

enzymatic activities, with peroxidase (2.71 min-1 g-1 and 4.22 min-

1 g-1), polyphenol oxidase (8.71 min-1 g-1 and 11.31 min-1 g-1) and 

PAL (54.08 µM min-1 g-1 and 85.64 µM min-1 g-1), respectively.  

 

Discussion  

The feeding ability of an insect and the nutrient content of the 

food determine the growth and developmental rate of the 

insect. The feeding efficiency of an insect and the nutrient 

composition of its food significantly influence its growth and 

developmental rates. Consumption, digestion and utilization 

indices could be used as indicators for the presence of 

antinutritional factors in the food material (36). The results of 

the present study indicated that significant reduction in the 

growth and development indices of S. litura in all PGPR 

treatments compared to the untreated control. Likewise, the 

amount of food ingested by S. litura larvae was significantly 

low in all PGPR treatments. In general, competition for 

nutrients, niche exclusion, induced systemic resistance and 

antifungal metabolites production are the chief modes of 

biocontrol activity in PGPR. Interaction of some rhizobacteria 

with the plant roots can result in plant resistance against S. 

litura by a phenomenon called Induced Systemic Resistance 

(ISR) (17).  

 The reduction in consumption and growth indices may 

be attributed to the elevated levels of biochemicals and 

enhanced defence enzyme activity induced by PGPR 

application. These findings align with those of an earlier research 

(37). In this study, biochemical analysis revealed significantly 

higher total phenol, tannin content and defence enzyme 

activity, including peroxidase, polyphenol oxidase and 

phenylalanine ammonia lyase, in PGPR-treated okra plants 

compared to untreated plants. Among the PGPR treatments, B. 

subtilis Bbv57 demonstrated the highest increase in 

biochemical levels in okra plants during both the Rabi 2020 

 

Fig. 1. Laboratory experiments on the effect of PGPR on growth indices of S. litura.  

T1 - Bacillus subtilis Bbv57; T2 - Bacillus amyloliquefaciens; T3 - Rhizobium pusense; T4 - Ensifer sp.; T5 - Siphanobacter sp.; T6 - Imidacloprid 
48 FS and T7 - Untreated control.  

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

 

T
a

b
le

 3
. 

E
ff

ec
t 

o
f P

G
P

R
 o

n
 b

io
ch

em
ic

a
ls

 a
n

d
 d

ef
en

ce
 e

n
zy

m
e 

a
ct

iv
it

y 
in

 o
kr

a
 d

u
ri

n
g

 s
u

m
m

er
 2

02
1

 

D
A

E
 –

 D
a

ys
 a

ft
er

 e
m

er
g

en
ce

; H
A

T
 –

 H
o

u
rs

 a
ft

er
 t

re
a

tm
en

t;
 S

T
- 

S
ee

d
 t

re
a

tm
en

t;
 S

A
- 

S
o

il 
a

p
p

li
ca

ti
o

n
; F

S
- 

Fo
lia

r 
sp

ra
y;

 *
-M

ea
n

 o
f t

h
re

e 
re

p
li

ca
ti

o
n

s;
 F

ig
u

re
s 

in
 p

a
re

n
th

es
es

 
a

re
 

 
tr

a
n

sf
o

rm
ed

 
va

lu
es

. 
In

 
a

 
co

lu
m

n
, m

ea
n

s 
fo

ll
o

w
ed

 b
y 

co
m

m
o

n
 le

tt
er

s 
a

re
 n

o
t 

si
g

n
if

ic
a

n
tl

y 
d

iff
er

en
t 

b
y 

LS
D

 (
P

=0
.0

5)
  

T
a

b
le

 2
. 

E
ff

ec
t 

o
f P

G
P

R
 o

n
 b

io
ch

em
ic

a
ls

 a
n

d
 d

ef
en

ce
 e

n
zy

m
e 

a
ct

iv
it

y 
in

 o
kr

a
 d

u
ri

n
g

 R
a

b
i 2

02
0

  

S
.N

o
. 

T
re

a
tm

e
n

ts
 

P
h

e
n

o
l c

o
n

te
n

t*  
m

g
 g

-1
 f

re
sh

 w
e

ig
h

t 
T

a
n

n
in

 c
o

n
te

n
t*  

m
g

 1
0

0
 g

-1
 d

ry
 w

e
ig

h
t 

P
e

ro
x

id
a

se
 a

ct
iv

it
y

*  
m

in
-1

 g
-1

 
P

o
ly

p
h

e
n

o
l O

x
id

a
se

* 
a

ct
iv

-
it

y
 m

in
-1

 g
-1

 
P

A
L

 a
ct

iv
it

y
*  

µ
M

 m
in

-1
g

-1
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

T
1 

B
a

ci
ll

u
s 

su
b

ti
lis

 B
b

v5
7(

S
T

-S
A

-F
S

) 
1.

36
 

(1
.3

6)
a  

1.
96

 
(1

.5
7)

a  
1.

39
 

(1
.3

7)
a  

1.
98

 
(1

.5
8)

a  
4.

68
 

(2
.2

8)
a  

14
.7

2 
(3

.9
0)

a  
10

.3
5 

(3
.2

9)
a  

16
.0

1 
(4

.0
6)

a  
11

0.
37

 
(1

0.
53

)a  
11

3.
64

 
(1

0.
68

)a  

T
2 

B
a

ci
ll

u
s 

a
m

yl
o

liq
u

ef
a

ci
en

s 
(S

T
-S

A
-F

S
) 

1.
01

 
(1

.2
3)

b
 

1.
11

 
(1

.2
7)

b
c  

1.
28

 
(1

.3
3)

b
c  

1.
49

 
(1

.4
1)

b
 

3.
77

 
(2

.0
7)

b
 

11
.6

3 
(3

.4
8)

b
 

9.
64

 
(3

.1
8)

b
 

12
.6

7 
(3

.6
3)

c  
94

.4
9 

(9
.7

5)
b
 

96
.8

4 
(9

.8
6)

b
 

T
3 

R
h

iz
o

b
iu

m
 p

u
se

n
se

 (S
T

-S
A

-F
S

) 
0.

60
 

(1
.0

5)
d

e  
0.

91
 

(1
.1

9)
c  

0.
91

 
(1

.1
9)

f  
1.

03
 

(1
.2

4)
e  

2.
95

 
(1

.8
6)

c  
9.

01
 

(3
.0

8)
e  

8.
04

 
(2

.9
2)

c  
12

.2
1 

(3
.5

6)
b

c  
55

.8
6 

(7
.5

1)
e  

58
.8

0 
(7

.7
0)

e  

T
4 

E
n

si
fe

r 
sp

. (
S

T
-S

A
-F

S
) 

0.
88

 
(1

.1
7)

b
c  

0.
65

 
(1

.0
7)

d
 

1.
20

 
(1

.3
0)

c  
1.

27
 

(1
.3

3)
d
 

2.
65

 
(1

.7
7)

d
 

11
.1

9 
(3

.4
2)

c  
10

.1
8 

(3
.2

7)
a  

10
.1

4 
(3

.2
6)

d
 

72
.2

7 
(8

.5
3)

c  
75

.9
3 

(8
.7

4)
c  

T
5 

S
ip

h
a

n
o

b
a

ct
er

 s
p

. (
S

T
-S

A
-F

S
) 

0.
78

 
(1

.1
3)

cd
 

1.
18

 
(1

.3
)b

 
1.

12
 

(1
.2

7)
d
 

1.
37

 
(1

.3
7)

c  
4.

55
 

(2
.2

5)
a  

10
.1

7 
(3

.2
7)

d
 

7.
79

 
(2

.8
8)

c  
13

.3
2 

(3
.7

2)
b
 

69
.8

5 
(8

.3
9)

c  
71

.1
6 

(8
.4

6)
d
 

T
6 

Im
id

a
cl

o
p

ri
d

 4
8F

S
 (

S
T

 a
lo

n
e)

 
0.

63
 

(1
.0

6)
d

e  
0.

66
 

(1
.0

8)
d
 

0.
98

 
(1

.2
2)

e  
1.

05
 

(1
.2

4)
e  

2.
88

 
(1

.8
4)

c  
3.

88
 

(2
.0

9)
f  

6.
74

 
(2

.6
9)

d
 

6.
92

 
(2

.7
2)

e  
60

.2
2 

(7
.7

9)
d
 

60
.3

1 
(7

.8
0)

e  

T
7 

U
n

tr
ea

te
d

 c
o

n
tr

o
l 

0.
50

 
(0

.9
9)

e  
0.

53
 

(1
.0

1)
d
 

0.
80

 
(1

.1
4)

g  
0.

99
 

(1
.2

2)
e  

2.
01

 
(1

.5
8)

e  
2.

09
 

(1
.6

1)
g  

3.
11

 
(1

.9
0)

e  
3.

44
 

(1
.9

8)
f  

50
.1

5 
(7

.1
2)

f  
50

.3
9 

(7
.1

3)
f  

C
D

 (
P

=0
.0

5)
 

0.
06

**
 

0.
09

**
 

0.
02

**
 

0.
03

**
 

0.
04

**
 

0.
05

**
 

0.
04

**
 

0.
09

**
 

0.
14

**
 

0.
17

**
 

D
A

E
 –

 D
a

ys
 a

ft
er

 e
m

er
g

en
ce

; H
A

T
 –

 H
o

u
rs

 a
ft

er
 t

re
a

tm
en

t;
 S

T
- 

S
ee

d
 t

re
a

tm
en

t;
 S

A
- 

S
o

il 
a

p
p

li
ca

ti
o

n
; F

S
- 

Fo
lia

r 
sp

ra
y;

 *
-M

ea
n

 o
f t

h
re

e 
re

p
li

ca
ti

o
n

s;
 F

ig
u

re
s 

in
 p

a
re

n
th

es
es

 
a

re
 

 
tr

a
n

sf
o

rm
ed

 
va

lu
es

. 
In

 
a

 
co

lu
m

n
, m

ea
n

s 
fo

ll
o

w
ed

 b
y 

co
m

m
o

n
 le

tt
er

s 
a

re
 n

o
t 

si
g

n
if

ic
a

n
tl

y 
d

iff
er

en
t 

b
y 

LS
D

 (
P

=0
.0

5)
  

S
.N

o
. 

T
re

a
tm

e
n

ts
 

P
h

e
n

o
l c

o
n

te
n

t*  
m

g
 g

-1
 f

re
sh

 w
e

ig
h

t 
T

a
n

n
in

 c
o

n
te

n
t*  

m
g

 1
0

0
g

-1
 d

ry
 w

e
ig

h
t 

P
e

ro
x

id
a

se
 a

ct
iv

it
y

*  
m

in
-1

 g
-1

 
P

o
ly

p
h

e
n

o
l O

x
id

a
se

*  
a

ct
iv

it
y

 m
in

-1
 g

-1
 

P
A

L
 a

ct
iv

it
y

*  
µ

M
 m

in
-1

g
-1

 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

3
0

 D
A

E
 

7
2

 H
A

T
 

T
1 

B
a

ci
ll

u
s 

su
b

ti
lis

 B
b

v5
7(

S
T

-S
A

-F
S

) 
1.

48
 

(1
.4

1)
a  

2.
54

 
(1

.7
4)

a  
1.

66
 

(1
.4

7)
a  

2.
37

 
(1

.6
9)

a  
5.

81
 

(2
.5

1)
a  

16
.8

2 
(4

.1
6)

a  
15

.2
7 

(3
.9

7)
a  

18
.1

6 
(4

.3
2)

a  
11

3.
28

 
(1

0.
67

)a  
11

7.
79

 
(1

0.
88

)a  

T
2 

B
a

ci
ll

u
s 

a
m

yl
o

liq
u

ef
a

ci
en

s 
(S

T
-S

A
-F

S
) 

1.
21

 
(1

.3
1)

a  
1.

71
 

(1
.4

9)
b
 

1.
37

 
(1

.3
7)

a
b
 

1.
88

 
(1

.5
4)

b
 

2.
36

 
(1

.6
9)

d
e  

13
.2

1 
(3

.7
0)

b
 

10
.9

4 
(3

.3
8)

b
 

12
.8

9 
(3

.6
6)

b
 

97
.2

5 
(9

.8
9)

a
b
 

10
1.

65
 

(1
0.

11
)a

b
 

T
3 

R
h

iz
o

b
iu

m
 p

u
se

n
se

 (S
T

-S
A

-F
S

) 
0.

77
 

(1
.1

3)
b

cd
 

1.
13

 
(1

.2
8)

c  
1.

16
 

(1
.2

9)
b
 

1.
47

 
(1

.4
)c  

4.
28

 
(2

.1
9)

b
 

11
.4

7 
(3

.4
6)

b
c  

9.
34

 
(3

.1
4)

b
c  

10
.5

9 
(3

.3
3)

b
c  

58
.3

7 
(7

.6
7)

cd
 

61
.0

5 
(7

.8
4)

cd
e  

T
4 

E
n

si
fe

r 
sp

. (
S

T
-S

A
-F

S
) 

0.
95

 
(1

.2
)b

 
1.

44
 

(1
.3

9)
b
 

1.
34

 
(1

.3
6)

b
 

1.
69

 
(1

.4
8)

b
c  

3.
54

 
(2

.0
1)

b
c  

13
.0

1 
(3

.6
8)

b
 

11
.0

6 
(3

.4
0)

b
 

12
.5

1 
(3

.6
1)

b
 

76
.1

8 
(8

.7
6)

b
c  

79
.1

4 
(8

.9
2)

b
c  

T
5 

S
ip

h
a

n
o

b
a

ct
er

 s
p

. (
S

T
-S

A
-F

S
) 

0.
82

 
(1

.1
5)

b
c  

1.
11

 
(1

.2
7)

c  
1.

22
 

(1
.3

1)
b
 

1.
37

 
(1

.3
7)

c  
2.

96
 

(1
.8

6)
cd

 
10

.2
2 

(3
.2

7)
c  

9.
07

 
(3

.0
9)

b
c  

10
.9

8 
(3

.3
9)

b
c  

72
.0

9 
(8

.5
2)

c  
74

.3
0 

(8
.6

5)
cd

 

T
6 

Im
id

a
cl

o
p

ri
d

 4
8F

S
 (

S
T

 a
lo

n
e)

 
0.

65
 

(1
.0

7)
cd

 
0.

69
 

(1
.0

9)
d
 

0.
55

 
(1

.0
2)

c  
0.

59
 

(1
.0

4)
d
 

2.
02

 
(1

.5
9)

ef
 

3.
11

 
(1

.9
0)

d
 

7.
12

 
(2

.7
6)

cd
 

8.
01

 
(2

.9
2)

c  
57

.1
6 

(7
.5

9)
cd

 
58

.0
6 

(7
.6

5)
d

e  

T
7 

U
n

tr
ea

te
d

 c
o

n
tr

o
l 

0.
60

 
(1

.0
4)

d
 

0.
68

 
(1

.0
8)

d
 

0.
43

 
(0

.9
6)

c  
0.

48
 

(0
.9

8)
d
 

1.
64

 
(1

.4
4)

f  
2.

17
 

(1
.6

1)
e  

6.
08

 
(2

.5
2)

d
 

8.
71

 
(2

.9
7)

c  
53

.3
3 

(7
.1

7)
d
 

54
.0

8 
(7

.2
2)

e  

C
D

 (
P

=0
.0

5)
 

0.
10

**
 

0.
11

**
 

0.
11

**
 

0.
12

**
 

0.
20

**
 

0.
24

**
 

0.
42

1**
 

0.
50

**
 

1.
30

**
 

1.
27

**
 



MAHEERTHANAN  ET AL  6     

https://plantsciencetoday.online 

and summer 2021 seasons. 

 Untreated plants consistently exhibited lower induction 

of biochemicals and defence enzymes compared to all other 

PGPR treatments across both seasons. The enhanced 

biochemical levels and defence enzyme activity induced by 

PGPR likely contributed to the reduced insect pest incidence 

on treated okra plants. Previous studies have also reported 

that increased biochemical levels and defence enzyme activity 

lead to physiological changes in crop plants, adversely 

affecting the growth and development of insect pests, 

ultimately resulting in lower pest populations in PGPR-treated 

plants (38). 

 PGPR-induced chemical defence exhibits the increased 

levels of biochemicals and defence enzymes activity. Mainly, 

enhanced levels of phenols, tannins and defence enzymes in 

PGPR-treated plant parts could have contributed to the 

reduced intake of the given feed (37, 39). The results were 

relevant with findings of earlier research which reported 

increased levels of polyphenol and terpenoid in cotton plants 

treated with Pseudomonas gladioli and the increase in 

polyphenol and terpenoid reduced the growth rate, CI and ECD 

of Helicoverpa armigera (Hüb) (39). Consistent with earlier 

studies which reported a notable reduction in the growth and 

development of E. vittella when feeding on okra plants 

inoculated with Pseudomonas fluorescens, this study also 

observed significantly lower food intake by E. vittella larvae in 

all PGPR treatments (40). 

 The reduction in consumption and growth indices 

could be due to the multifaceted mechanisms by which PGPR 

promote plant growth, including enhancing plant tolerance to 

biotic and abiotic stresses, optimizing plant growth factors, 

ISR, an immune response in plants (1-3, 17). ISR mainly 

involves the enhancement of plant defences by inducing 

physical and chemical defence barriers against S. litura (22, 26, 

41). Moreover, ISR involves jasmonate and ethylene signaling 

within the plant and these hormones stimulate the host plant’s 

defence responses against a variety of plant pathogens (42). 

Many individual bacterial components induce ISR, such as 

lipopolysaccharides (LPS), flagella, siderophores, cyclic 

lipopeptides, 2,4-diacetylphloroglucinol, homoserine lactones 

and volatiles like acetoin and 2,3-butanediol (17).  

 

Conclusion  

The study demonstrated that PGPR application significantly 

reduced the growth and development of Spodoptera litura in 

okra by lowering consumption, digestion and utilization 

indices compared to controls. Bacillus subtilis Bbv57 was most 

effective, reducing larval feeding and growth through induced 

systemic resistance (ISR), enhanced biochemical defences and 

antifungal metabolite production. ISR, mediated by jasmonate 

and ethylene pathways, increased phenols, tannins and 

defence enzymes, bolstering plant defences. PGPR offers a 

sustainable alternative to chemical pesticides, though further 

studies should explore strain optimization, molecular 

mechanisms, field validation and integration with IPM. 

Research on its long-term effects on soil health, pest resistance 

and cost-effectiveness is essential for broader adoption.  
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