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ABSTRACT 
 

Mitigation strategies based on plant–microbe interactions to increase the performance of plants 
under water-deficit conditions are well documented. However, little is known about a suitable 
consortium of bacterial inoculants and underlying physiological and enzymatic events to improve 
drought tolerance in maize. This study aimed to investigate the synergistic interactions among plant 
growth-promoting bacteria to alleviate drought-induced damages in maize. In pot culture experiment 
endophytic bacterial consortium inoculated treatments imposed with moisture stress (75% water 
holding capacity) with full dose (T9) and 75% recommended dose of fertilizers (T8) were found to 
excel in many plant biochemical properties when compared to un-inoculated control. For instance 
chlorophyll stability index T9 (138.67%) T8 (133.33%), relative water content T9 (95.20%), The N, P 
and K uptake was found significantly higher in T9 with 13.98 g plant-1, 3.38 g plant-1 and 17.29 g 
plant-1 respectively. Thus, the current research advocates the use of endophytic microbial 
consortium to mitigate moisture stress and to improve plant biochemical properties which ultimately 
enhances the plant health and yield. 
 

 
Keywords: Endophytic bacteria; biochemical properties; WHC; NPK uptake; moisture stress. 

 

1. INTRODUCTION 
 
The climate change has become main source of 
creating stress for foliar growth and emerged as 
an alarming threat to natural ecosystems. The 
environmental stress is simply classified as 
abiotic and biotic stress based on their nature 
and source of effect. Sometimes abiotic stress 
may influence the biotic stress and reduces crop 
productivity [1]. Among the environmental 
stresses, moisture stress has major impact on 
crop growth and productivity throughout the 
world. By 2050 more than 50% of arable lands 
are expected to have negative impact on crop 
growth because of drought [2]. Drought stress 
has been reported to cause yield reductions of 
up to 21% in wheat and 40% in maize around the 
world [3]. 
 
A protection system is possessed by plants 
naturally that can tackle adverse stress 
conditions, even so, plants also interact with a 
many microorganisms that can alleviate the 
stress and protects the plant [4]. Plants are more 
contingent on microorganisms which are capable 
to enhance their metabolic activity to combat 
stress [5]. Upon exposure of plants to hostile 
conditions microbes can pre sensitize the plant 
cell metabolism, and so microbial treated plants 
will respond more quickly than untreated plants 
[6]. Thus, use of beneficial microbial inoculants 
as a stress protecting agent for plants may 
reassure for sustainable and chemical free eco-
friendly agriculture.  
 
Plants harbour several microbes, which reside 
within the cells in intercellular spaces or in 
vascular system, without affecting the plants are 

known as endophytes [7]. Bacterial endophytes 
are beneficial over rhizospheric bacteria as they 
reside within plant tissue with more intimate 
contact and they have no competition with 
rhizosphere microorganisms [8]. Their ability for 
plant growth and to alleviate the biotic and abiotic 
stresses is well studied [9,10, 7]. The interaction 
of plant with endophytic bacteria alleviates the 
tolerance towards drought stress [11]. 
 

Thus an effective endophytic microbial consortia 
was developed using four compatiable 
endophytic bacterium and their efficiency was 
investigated in the present study by providing 
maize plants with moisture stress under invitro 
conditions in pot culture and evaluated the 
influence of inoculated bacterial consortia on 
different plant biochemical parameters. 
 

2. MATERIALS AND METHODS 
 

2.1 Location of the Experiment 
 

The pot culture experiment was carried out at 
Regional Agricultural Research Station during 
2020, at Anakapalle, Andhra Pradesh. 
 

2.2 Soil Preparation 
 

The soil used in this experiment was loamy field 
soil which was sieved to remove stones and any 
stubbles to get fine soil. Soil was sterilized at 
121°C for 15 minutes at 15 lb pressure and 
about 12 kg of sterilized soil was filled into each 
pot. 
 

2.3 Sowing and Treatment Details 
 
Maize hybrid PIONEER 3396 was selected and 
sown at the rate of 4 seeds/pot then thinning   
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was done and only 2 plants per pot were 
maintained 
 

2.4 Plant Biochemical Analysis 
 
The total chlorophyll content was estimated and 
calculated by the method of Arnon [12] and 
chlorophyll stability index (CSI) was estimated by 
using the method of Murthy and Majumdar                  
[13]. 
 

CSI = Total chlorophyll content of the treated 
leaves / Total chlorophyll content of 
untreated leaves * 100 

 
Leaf RWC was measured in control and   
stressed seedlings. Fully expanded leaves were 
excised and fresh weight (FW) was                  
immediately recorded from control and stressed 
plants, then the leaves were soaked for                 
four hours in distilled water at room                   
temperature under constant light and turgid 
weight (TW) was recorded. After drying for 24 
hours at 80 ○C total dry weight (DW) was 
recorded. RWC was calculated according to the 
formula [14] 
 

 RWC =
Fresh weight − Dry weight 

Turgid weight − Dry weight 
× 100 

 
Estimation of H2O2 was done by the standard 
method [15]. Proline content was determined by 
the method of Bates et al. [16]. Peroxidase was 
estimated as per the method given by Harde et 
al. [17].  
 
Nitrogen content (%) in leaf was estimated by the 
micro kjeldhal method. The nitrogen content in 
sample was estimated by using the formula          
[18]. 
 

% N =
TV × 0.00028 × 100

W
 

 
Where,  
 

TV= Titration value (Sample titration value-
Blank titration value) 
 
W= Weight of sample 

 
The leaf phosphorus content in the triacid digest 
was determined by vanadomolybdo phosphoric 
acid yellow color method and percent of 
phosphorus (% P) in plant sample was calculated 
by using following formula [18] 
 

% Phosphorus=P × Final Volume (50 mL) × 
100×100 / Weight of sample×Volume of 
aliquot×1000000 

 
Where, P= Phosphorus concentration (ppm) 
obtained from standard curve 
 

Weight of sample= 0.5g  Volume of 
aliquot= 5 mL  

 
The potassium content in the triacid digest was 
determined by using ELICO Flame photometer. 
Percent of potassium (% K) in plant sample was 
calculated by using following formula [18] 
 

% Potassium = R ×
100 × 100

Weight of sample × 1000000
 

 
Where, R= Concentration of potassium (K) in 
ppm 
 
Weight of the sample = 0.5g 
 
The nutrient uptake was calculated using the 
following formula and expressed in g plant-1. [18] 
  

Nutrient uptake (g/plant) = Nutrient content 
(%)×Dry matter production (g/plant) / 100 

 

2.5 Statistical Analysis 
 
The data obtained in different experiments was 
statistically analyzed using Completely 
Randomized Design (CRD) as per the 
procedures given by Snedecor and Cochran [19]. 
Statistical significance was tested by F–value at 
0.05 level of probability and critical difference 
was worked out where ever the effects were 
significant. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Chlorophyll Stability Index (CSI %) 
 

Chlorophyll stability index is the most promising 
character to screen the plants under drought 
stress [20]. At vegetative and harvesting stage 
significantly higher CSI was found in T9:75 % 
WHC+ 100 % RDF + MC (128.33%, 90%) and 
T8:75 % WHC+ 75 % RDF + MC (116.33%, 
89%). At flowering stage four treatments were 
found to have CSI significantly more than the 
control in the following order T9:75 % WHC+ 100 
% RDF + MC (138.67%), T8:75% WHC+ 75 % 
RDF + MC (133.33%), T6: 50% WHC + 100 % 
RDF + MC (129.67%) and T5: 50% WHC + 75 % 
RDF + MC (128.00%) (Table 1, Fig. 1). 
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Fig. 1. Influence of endophytic microbial consortia on Chlorophyll stability index and Relative 

water content of maize under water deficit conditions in pot culture 
 
Table 1. Influence of endophytic microbial consortia on plant biochemical parameters of maize 

in pot culture 
 

Treatments Chlorophyll Stability Index 

(CSI %) 

Relative Water Content 

(RWC %) 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

T1 : 25 % WHC + 50 
% RDF + MC 

67.67 92.00 58.67 57.20 65.60 57.33 

T2  : 25 % WHC + 75 
% RDF + MC 

72.67 96.00 56.67 54.37 65.03 63.63 

T3  : 25 % WHC+ 100 
% RDF + MC 

86.33 100.00 65.33 53.40 71.23 60.07 

T4  : 50 % WHC+ 50 
% RDF + MC 

79.67 92.00 61.33 63.57 89.53 72.97 

T5  : 50 % WHC+ 75 
% RDF + MC 

96.33 128.00 71.33 63.90 91.00 79.13 

T6  : 50 % WHC+ 100 
% RDF + MC 

99.00 129.67 75.00 63.03 89.80 80.77 

T7  : 75 % WHC+ 50 
% RDF + MC 

88.67 99.67 73.67 68.97 91.33 82.80 

T8  : 75 % WHC+ 75 
% RDF + MC 

116.33 133.33 89.00 62.07 91.50 83.37 

T9  : 75 % WHC+ 100 
% RDF + MC 

128.33 138.67 90.00 66.27 95.20 87.87 

T10 : 100% WHC+ 100 
% RDF (Control) 

100.00 100.00 100.00 59.63 92.96 82.70 

CD(P=0.05) 5.93 4.28 5.31 5.35 4.30 5.38 

S.Em. ± 1.99 1.44 1.78 1.80 1.45 1.81 

S.Ed 2.82 2.03 2.53 2.55 2.05 2.56 
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The CSI was observed to increase at flowering 
stage than the vegetative stage and was 
gradually reduced at harvesting stage. And the 
treatments with water deficit conditions have 
shown less CSI than treatments given with full 
irrigations because drought impairs the 
photosynthesis by reversible inhibition of 
chlorophyll activity. However treatments T9, T8, 
T6 and T5 were found to have higher CSI though 
given lesser irrigations than the control which 
might be due to the application of osmotolerant 
and plant growth promoting microbial consortium 
in particular nitrogen fixing ability increases N 
content in plants enhancing the synthesis of 
chlorophyll than in control. 
 
Sehgal et al. [21] reported that the drought 
inversely affects the chlorophyll content, with 
increased drought intensity chlorophyll content 
decreases results in inhibition of photosynthesis 
and accelerating the senescence process in 
plants. But, studies have proved that inoculation 
of microbes have improved chlorophyll content 
even under drought conditions. In maize 
inoculated with Azospirillum sp. and 
Herbaspirillum sp. under drought stress 
increased total chlorophyll content was observed 
suggesting that the available nitrogen in could 
have been used for chlorophyll synthesis [22]. 
Inoculation of Pseudomonas syringae, 
Enterobacter aerogenes and P. fluorescens to 
maize increased the chlorophyll content under 
drought stress [23]. 
 

3.2 Relative Water Content (RWC %) 
 
At vegetative stage maximum and significantly 
higher RWC was observed in T7:75 % WHC+ 50 
% RDF + MC (68.97%) followed by T9 :75 % 
WHC+ 100 % RDF + MC (66.27%) while T8 :75 
% WHC+ 75 % RDF + MC (62.07%) and all the 
three treatments with 50% WHC T6 (63.03%), T5 
(63.90%) and T4 (63.57%) were recorded to 
have RWC on par with the control T10:100% 
WHC+ 100 % RDF (59.63%). At flowering stage 
there was no significant difference among the 
treatments given with 50% WHC and 75% WHC 
and they are on par with the control given with 
100% WHC and no microbial inoculums               
(Table 1). 
 
Relative water content (RWC) of leaf also known 
as relative water turgidity is a measurement of 
actual water content relative to its extreme water 
holding capacity. It shows the degree of drought 
and heat stress, and provides one of the best 
criteria for measuring water deficit in leaves [24]. 

Higher relative water content of a species shows 
that the species are better adapted to 
environmental stress, i.e., drought stress. Hence, 
a higher RWC is considered as an important 
strategy for higher drought tolerance compared 
to a lower RWC [25]. To check the potential of 
endophytic PGP bacteria as a drought stress–
alleviating agent, RWC of plant leaves could be 
used as a parameter [26]. In this regard, 
developed endophytic bacterial consortia have 
been investigated that alleviate drought stress in 
plants by increasing RWC in inoculated plants 
under given stress conditions. 
 
In the present investigation RWC of all the 
treatments were observed to increase at 
flowering stage than vegetative stage and found 
to decrease at harvesting stage. The higher 
RWC may protect plant from osmotic and 
oxidative stress triggered by water deficit 
conditions. The increased RWC under water 
deficit conditions is due to altered physiological 
processes in plants by microbes producing 
phytoharmones like Abscisic acid which induces 
closure of stomata thereby reducing 
transpirational losses. 
 
Dodd et al. [27] reported that the increased RWC 
in microbial treated plants could be due to altered 
physiological processes such as stomatal closure 
and Grover et al. [28] has demonstrated that 
24% increase RWC was observed in sorghum 
plants treated with Bacillus sp. strain KB               
129 under drought stress. Ma et al. [29]            
isolated an endophytic bacteria, Pseudomonas 
azotoformans from the leaves of Alyssum 
serpyllifolium and tested for enhanced drought 
tolerance. Inoculation of Trifolium arvense with 
Pseudomonas azotoformans increased leaf 
RWC in the absence as well as presence of 
drought stress.  
 

3.3 H2O2 (µmol g-1) Content 
  
At vegetative stage the H2O2 content in control 
i.e., T10:100% WHC+ 100 % RDF given no 
moisture stress and microbial treatment was 
found to be 28.50 µmol g-1 and the treatments 
which were recorded lower H2O2 than the control 
even though provided with moisture stress are 
found to be T9 (23.97 µmol g-1), T8 (25.20 µmol 
g-1) and T7 (28.13 µmol g-1) (Table 2). At 
flowering stage minimal H2O2 content were found 
in treatments given with moisture stress are T9 
(37.97 µmol g-1), T8 (37.77 µmol g-1) and T7 
(36.97 µmol g-1). At harvesting stage lower 
content of H2O2 were found in treatments given 



 
 
 
 

Moturu et al.; Int. J. Plant Soil Sci., vol. 36, no. 10, pp. 180-191, 2024; Article no.IJPSS.124281 
 
 

 
185 

 

with moisture stress are T9 (30.43 µmol g-1), T8 
(31.87 µmol g-1), T7 (32.80 µmol g-1). Maximum 
H2O2 content was observed in treatments given 
with moisture stress are T1 (56.07 µmol g-1) and 
T2 (54.70 µmol g-1). 
 
Exposure of plants to abiotic stress leads to 
increased production of reactive oxygen species 
(ROS) by partial reduction of atmospheric O2 
leading to production of hydrogen peroxide 
(H2O2), hydroxyl radical (HO•) and superoxide 
anion radical (O2 −) [30] causing oxidative 
damage to lipids, proteins, and other macro 
molecules [31]. However, the production ROS 
can be minimized in the plants by the application 
of endophytic bacteria under drought stress as 
reported [32, 33]. Hence, in present investigation 
H2O2 content was taken as parameter to 
evaluate the function of developed endophytic 
microbial consortia in decreasing ROS under 
water deficit stress conditions. 
 
In a case study, 7 endophytic bacteria, i.e., 
Acinetobacter calcoaceticus, Burkholderia 
vietnameinsis, Enterobacter asburiae,   
Rhizobium tropici, Sphingomonas yanoikuyae,  
Curtobacterium sp.,  Rhanella sp., and 
Pseudomonas sp., were isolated from stem of 
poplar and willow plants. Poplar plants were 
inoculated with these bacteria and evaluated for 
their drought tolerance as a result plants showed 
decreased ROS activity, in addition to other 
drought tolerance-enhancing parameters [33]. 
 

3.4 Peroxidase (Units min-1 g-1) 
 

At vegetative stage highest peroxidase content 
was produced by T1 (35.83 µmol g-1), T2  (35.27 
µmol g-1), T3 (34.63 µmol g-1) while lower content 
of peroxidase was observed in T7 (26.47 µmol g-

1), T8 (26.97 µmol g-1), T9 (24.83 µmol g-1) which 
were found on par with the control given with no 
water stress T10 (24.80 µmol g-1) and similar 
trend was observed in flowering and harvesting 
stage (Table 2). 
 
At all the growth stages peroxidase content is 
higher in treatments provided with 75% and 
100% RDF under water deficit stress conditions. 
The results suggested that at optimum levels of 
fertilizer application could regulate increased 
tolerance to drought stress by improving levels of 
oxidative enzymes. As similar results were 
reported by Qu et al. [34] that phosphorus in 
maize leaves efficiently kept higher RWC and 
also increased superoxide dismutase (SOD) and 
peroxidase (POD) enzyme activities. Sun et al. 
[35] has observed increased activities of 

antioxidant enzymes SOD, POD, and CAT with a 
suitable nitrogen level under a water deficit 
stress.   
 
The significant reduction of antioxidant enzyme 
activity was observed in the plants treated with 
the consortium T3 and T4 respectively, as 
compared to single bacterial strain inoculation 
(T1 and T2) under drought stress conditions [36]. 
A drought-resistant endophytic bacteria 
Pseudomonas azotoformans ASS1 isolated from 
leaves of Alyssum serpyllifolium enhanced plant 
chlorophyll content, peroxidase, catalase, 
superoxide dismutase, and proline content under 
drought stress [32]. 
 

3.5 Proline (µg g-1) 
 
Drought stress is associated with an increase in 
a number of compatible solutes, specifically 
proline [37]. The accumulation of compatiable 
solutes namely sugars, organic acids, inorganic 
ions and proline under water deficit stress 
conditions is termed as osmotic adjustment. 
Thus, influence of applied endophytic microbial 
consortium on accumulation of proline content 
under water deficit stress conditions was 
evaluated in the present study (Table 2). 
 
At vegetative stage maximum proline content 
was found in T2 (66.77 µg g-1) followed by 
T1(65.27 µg g-1) and minimum production of 
proline was observed in T7 :75 % WHC+ 50 % 
RDF + MC (28.73 µg g-1). At flowering stage 
highest proline content was found in by T1(67.63 
µg g-1) followed by T3 (68.53 µg g-1) and lowest 
production of proline was observed in T7 (26.43 
µg g-1), T8 (29.40 µg g-1) and T9 (28.80 µg g-1) 
which were found on par with the control given 
with no water stress T10 (26.60 µg g-1). At 
harvesting stage highest proline content was 
found in by T2 (73.17 µg g-1) followed by T3 
(73.00 µg g-1) and lowest production of proline 
was observed in T7 (31.30 µg g-1), T8 (31.97 µg 
g-1) and T9 (29.33 µg g-1) which were found on 
par with the control given with no water stress 
T10 (32.23 µg g-1). 
 
At all the growth stages proline content was 
found highest in treatments (T1, T2 and T3) 
given with 25% WHC while the treatments 
provided with 75% WHC (T7, T8 and T9) were 
found to have lesser proline content than the 
control T10 provided with no water stress and no 
microbial inoculums, indicating that applied 
microbial consortia might have improved osmatic 
tolerance by reducing the compatiable solutes 
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like proline. In study of Marulanda et al. [38], P. 
putida and B. megaterium exhibited the highest 
osmotic tolerance, and both strains also showed 
increased proline content, involved in osmotic 
cellular adaptation. 
 

3.6 Uptake of Nitrogen (g plant-1) 
 
At vegetative stage significantly higher uptake of 
nitrogen by maize was found (Table 3) in 
treatments T9:75 % WHC+ 100 % RDF + MC 
(5.33 g plant-1), T6:50 % WHC+ 100 % RDF + 
MC (4.73 g plant-1) and T8:75 % WHC+ 75 % 
RDF + MC (4.68 g plant-1) while the control 
T10:100% WHC+ 100 % RDF has shown 4.01 g 
plant-1 of nitrogen uptake. At flowering stage 
significantly higher amounts of nitrogen                   
uptake was found in treatments T9 (13.98 g 
plant-1), T8 (12.26 g plant-1) and T6 (10.24 g 
plant-1) while the control T10 has shown                    
9.96 g plant-1 of nitrogen uptake (Fig. 2). At 
harvesting stage significantly higher nitrogen 
uptake by plants was found in treatments T9 
(10.56 g plant-1), T8 (10.28 g plant-1) and T6 
(10.08) when compared to control T10 (8.45 g 
plant-1). 
 

3.7 Uptake of Phosphorus (g plant-1)  
 
At vegetative stage maximum uptake of 
phosphorus by plants was found (Table 3) in 
treatments T9:75 % WHC+ 100 % RDF + MC 
(0.65 g plant-1), T8:75 % WHC+ 75 % RDF + MC 

(0.62 g plant-1) and T6:50 % WHC+ 100 % RDF 
+ MC (0.59 g plant-1) while the control T10:100% 
WHC+ 100 % RDF has shown 0.52 g plant-1 of P 
uptake by plants. At flowering stage maximum P 
uptake by plants was recorded in T9 (3.38 g 
plant-1) followed by T8 (2.69 g plant-1)                      
while the control T10 has shown 1.79 g plant-1 of 
P uptake by plants (Fig. 2). At harvesting                    
stage higher uptake of P by plants was found in 
T9 (2.19 g plant-1) followed by T8 (2.06 g                  
plant-1) and T6 (1.78 g plant-1) while lowest the 
control T10 has shown 1.69 g plant-1 of P   
uptake. 
 

3.8 Uptake of Potassium (g plant-1)  
 
At vegetative stage significantly high quantity of 
potassium uptake by plants was found (Table 3) 
in T9:75 % WHC+ 100 % RDF + MC (6.36 g 
plant-1) while T8:75 % WHC+ 75 % RDF + MC 
(5.44 g plant-1), and T6:50 % WHC+ 100 % RDF 
+ MC (5.40 g plant-1) were found to have K 
uptake on par with the control T10:100% WHC+ 
100 % RDF (4.99 g plant-1). At flowering stage in 
plants significantly more K uptake was found in 
the treatments T9 (16.33 g plant-1) and T8 (16.36 
g plant-1) when compared to control T10                 
(12.80 g plant-1). At harvesting stage  
significantly higher uptake of K by plants was 
observed in T9 (20.14 g plant-1) followed by T8 
(19.23 g plant-1) and T6 (18.19 g plant-1) while 
the control T10 has shown 16.07 g plant-1 of K 
uptake by plants. 

 

 
 
Fig. 2. Influence of endophytic microbial consortia on NPK Uptake of maize under water deficit 

conditions in pot culture 
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Table 2. Influence of endophytic microbial consortia on antioxidant enzymes and proline content in maize in pot culture 
 

Treatments H2O2 (µmol g-1) Peroxidase (units min-1 g-1) Proline (µg g-1) 

Vegetativ
e Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

T1:  25 % WHC + 50 % RDF + MC 53.96 71.37 56.07 35.83 76.73 44.57 65.27 67.63 69.97 
T2 : 25 % WHC + 75 % RDF + MC 44.16 69.10 54.70 35.27 75.23 43.33 66.77 65.03 73.17 
T3 : 25 % WHC+ 100 % RDF + MC 43.00 66.43 52.70 34.63 73.43 45.80 63.87 68.53 68.80 
T4 : 50 % WHC+ 50 % RDF + MC 34.26 46.13 45.50 30.03 68.77 37.57 35.60 34.43 40.20 
T5 : 50 % WHC+ 75 % RDF + MC 33.96 46.53 43.03 30.03 70.03 35.17 34.73 33.63 39.60 
T6 : 50 % WHC+ 100 % RDF + MC 32.00 43.83 40.97 30.37 66.57 34.17 33.80 35.13 37.77 
T7 : 75 % WHC+ 50 % RDF + MC 28.13 36.97 32.80 26.47 54.27 30.50 28.73 26.43 33.60 
T8 : 75 % WHC+ 75 % RDF + MC 25.20 37.77 31.87 26.97 56.47 29.63 30.33 29.40 31.97 
T9 : 75 % WHC+ 100 % RDF + MC 23.96 37.97 30.43 24.83 54.43 29.47 29.47 28.80 31.40 

T10: 100% WHC+ 100 % RDF 
(Control) 

28.50 42.70 33.40 24.80 55.43 30.43 25.17 25.50 26.77 

CD(P=0.05) 2.56 3.97 3.63 3.47 4.44 2.27 2.84 3.78 4.79 

S.Em. ± 0.86 1.34 1.22 1.16 1.49 0.76 0.95 1.27 1.61 

S.Ed 1.22 1.89 1.74 1.64 2.11 1.08 1.35 1.79 2.28 

CV (%) 4.30 4.64 5.04 6.72 3.97 3.67 3.99 5.32 6.17 

 
Table 3. Influence of endophytic  microbial consortia on uptake of macro nutrients by maize in pot culture 

 

Treatments Nitrogen uptake (g plant-1) Phosphorus uptake (g plant-1) Potassium uptake (g plant-1) 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

T1:  25 % WHC + 50 % RDF + MC 2.55 4.88 5.08 0.23 0.77 0.72 3.13 7.02 10.18 
T2 : 25 % WHC + 75 % RDF + MC 2.92 6.03 5.90 0.33 0.91 0.84 3.55 8.98 11.09 
T3 : 25 % WHC+ 100 % RDF + MC 3.11 6.33 6.59 0.36 1.03 1.03 3.65 9.68 14.03 
T4 : 50 % WHC+ 50 % RDF + MC 2.42 5.57 4.57 0.31 0.81 0.74 2.83 6.69 10.27 
T5 : 50 % WHC+ 75 % RDF + MC 3.49 7.27 7.89 0.46 1.15 1.38 4.27 9.65 15.38 
T6 : 50 % WHC+ 100 % RDF + MC 4.73 10.24 10.08 0.59 1.71 1.78 5.40 12.75 18.19 
T7 : 75 % WHC+ 50 % RDF + MC 3.49 7.18 7.14 0.39 1.23 1.39 3.89 9.15 12.16 
T8 : 75 % WHC+ 75 % RDF + MC 4.68 12.26 10.28 0.62 2.69 2.06 5.44 16.36 19.23 
T9 : 75 % WHC+ 100 % RDF + MC 5.33 13.98 10.56 0.65 3.38 2.19 6.36 16.33 20.14 
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Treatments Nitrogen uptake (g plant-1) Phosphorus uptake (g plant-1) Potassium uptake (g plant-1) 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

Vegetative 
Stage 

Flowering 
Stage 

Harvest 
Stage 

T10: 100% WHC+ 100 % RDF (Control) 4.01 9.93 8.45 0.52 1.79 1.69 4.99 12.80 16.07 

CD(P=0.05) 0.38 0.88 0.57 0.03 0.19 0.14 1.02 1.08 0.93 

S.Em. ± 0.13 0.30 0.19 0.01 0.06 0.05 0.34 0.36 0.31 

S.Ed 0.18 0.42 0.27 0.01 0.09 0.07 0.48 0.51 0.44 

CV (%) 6.01 6.11 4.31 3.54 7.00 6.08 13.60 5.75 3.68 
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Application of microbial consortium to maize has 
improved uptake of N, P and K even under 
drought stress which might be due to the ability 
of endophytic bacterial consortium to produce 
IAA efficiently and ACC deaminase activity that 
reduces ethylene levels all together enhancing 
the root growth and root hair production that 
helps the plants to uptake relatively more water 
and minerals available thereby increasing 
concentration of N, P and K in plant. Endophytic 
bacterial strains Bacillus and Brevibacillus 
isolated from the leaves two medicinal plants 
Fagonia mollis and Achillea fragrantissima had 
significant positive effects on plant growth and 
shoot nitrogen (N) and phosphorus (P) contents 
[39]. 
 

By inoculating plants with endophytic bacteria, an 
increase in the lateral roots and root hairs were 
observed which lead to the increased surface 
area and consequently enhanced moisture and 
mineral uptake from the soil [40]. In the study of 
Danish et al. [41] a significant improvement in 
shoot N, P and K, was recorded which might be 
due to increased root elongation. According to 
Zahir et al. [42] the improved root elongation 
helps the plants to uptake relatively more water 
thus increasing water use efficiency under 
drought stress. Better uptake of nutrients was 
also observed in pea plants treated with ACC 
deaminase containing PGPR P. brassicacearum 
and P. marginalis. The similar results were 
observed by Raúl et al. [43] and Krishnaveni [44] 
that the application of microbial inoculants 
increased the uptake of both macro- and 
micronutrients. It was observed that microbial 
inoculants application had enhanced the uptake 
of all plant nutrients especially phosphorus 
content in the plant tissue. 
 

4. CONCLUSION 
 

Based on the obtained results, improved or on 
par levels of plant biochemical components 
which are involved in plant osmotic adjustment 
under stress conditions viz., chlorophyll stability 
index, relative water content, H2O2 (µmol g-1), 
peroxidase and proline content was observed. 
Plant uptake of NPK was also proved to be 
increased under application of consortia. Thus, it 
is evident that moisture deprived stress 
conditions in maize crop can be mitigated with 
the application of plant growth promoting 
endophytic microbial consortia.  
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