
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE                         BIOSCIENCE RESEARCH, 2022 19(1): 528-535.                           OPEN ACCESS 
  
 

Impact of Azospirillum lipoferum as a biofertilizer on the 
productivity of maize plant 

Hidayatullah1,4, Muhammad Bachal Korai2*, Zulfiqar Ali Jumani3, Asif Raza Kanhar4, Waheed 
Ali Mirbahar2, Rajesh Kumar2, Ajeeb Ali Mandan2, Nafeesa Khatoon Shahani2, Nisar Abbas 
Shar5, Rafique Abbas Shar6, Muhammad Aslam Korai2, Maqsood Ahmed Mirbahar2 and Ali 
Ibrahim Shar2 
 
1Department of Botany, Shah Abdul Latif University, Khairpur, Sindh, Pakistan 
2Institute of Chemistry, Shah Abdul Latif University, Khairpur, Sindh, Pakistan 
3Department of Chemistry, Government Boys Degree College Pir-Jo-Goth, Sindh, Pakistan 
4Institute of Microbiology, Shah Abdul Latif University, Khairpur, Sindh, Pakistan 
5Department of Medicine, Ghulam Muhammad Mahar Medical College Hospital Sukkur, Sindh, Pakistan 
6Department of Pediatrics Medicine, Ghulam Muhammad Mahar Medical College Hospital Sukkur, Sindh, Pakistan  

 
*Correspondence: bachal.korai@salu.edu.pk Received 08-02-2022, Revised: 19-03-2022, Accepted: 20-03-2022 e-Published: 22-03-2022 

During this study, the impact of Azospirillum Lipoferum as biofertilizer on maize plants productivity was observed. For 
this uninoculated and inoculated seeds were planted in treatments 0 and 1 (T0 & T1) fields correspondingly, whereas 
nitrogen fertilizers [200 kg/ha] has been supplied to treatment 2 field (T2) and nitrogen fertilizers [100 kg/ha] together 
with isolated Azospirillum Lipoferum has been supplied to the fourth treatment 3 field (T3). Different stages of plant 
development were then monitored and compared in order to observe the effect of Azospirillum Lipoferum application. 
It was observed that, T1 yielded 21.84% more compared to T0 while T2 yielded 4.56% more compared to T1 as well 
as 27.40% more compared to T0. The T3 yielded more compared to T0, T1 and T2 e.g. 36.09%, 11.69% and 6.82% 
more than T0, T1 and T2 respectively (because of using 1/2 dosage of suggested fertilizer applied 100 Kgha-1 and 
Azospirillum inoculum in (T2). It was concluded that it was more economical to utilize the N-fertilizers at 100 Kg/ha, 
and inoculating seeds of maize with Azospirillum Lipoferum can lessen the N-fertilizer load up to 50% and enhance its 
grain production up to 12% compared to T2 where 200 Kg/ha dose of fertilizers was used, and enhance grain 
production up to 36% compared to T0 that was naturally grown in the absence of Azospirillum Lipoferum or fertilizers.  
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INTRODUCTION 

The majority of agriculture land is deficient in some 
vital nutritive substances for growing and developing 
crops. The nitrogen is needed in high amounts for plant 
growth, as this is the main component of the protein and 
nucleic acid (Lee et al. 2020). In soils used for intensive 
cropping, soil fertility is maintained by addition of 
nitrogenous fertilizer (Wang et al. 2018). Fertilizers 
provide vital nutrients for plants, primarily phosphorous, 
nitrogen and potassium (Zhang et al. 2019). During the 
manufacturing of nitrogen fertilizer, CO2 gas is produced 
that is involved in greenhouse effect (Hoffman et al. 2018). 
Excessive use of fertilizer in agriculture leads to the 
formation of nitrous oxide (N2O) and nitrate (NO3

+) (de 
Oliveira et al. 2019). Nitrous oxide (N2O) is a greenhouse 
gas and nitrates (NO3

+) pollute the ground water (Quin et 
al. 2020), and thus are hazardous to human health and 
environment leading to severe eutrophication (Ahmed et 

al. 2020; Mohanty et al. 2020), ethemoglobenemia of 
infant and animal and the formation of nitrosamine which 
is involved in carcinogenesis (Hashimi & Hashimi, 2020).  

Due to problems associated with chemical fertilizer 
use, worldwide attention has been developed to use 
biological methods to increase the productivity of crops. 
Biological approaches are generally cheaper, safe and 
accessible to all countries (Sampathkumar et al. 2019). 
Usage of biological nitrogen fixation (BNF) technology 
may also reduce urea-N use, avoid soil organic matter 
depletion and significantly lessen ecological pollution 
(Chaudhary et al. 2020). The use of biological fertilizers 
may not only decrease the use of chemical fertilizers by 
20%-50%, but at the same time enhance crop yields by 
10%-20% (Zulfiqar et al. 2019). Bio-fertilizers have 
acquired significance because of their lower price among 
marginal and small farmers (Ravikumar & Subramanian, 
2018). Bio-fertilizers have become very popular across 
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several countries covering a wide range of crops. The 
biofertilizers comprise microorganisms that support 
sufficient nutrients supply to plant hosts and assure 
appropriate growth development and physiological 
regulation (Kumar et al. 2018). Bacterial biofertilizer 
production needs to select proper strains for specific crops 
within a specified agro climate. Since agro climatic 
circumstances and characteristics of the soil change 
greatly, a wide range of strains must be isolated for every 
biotic for every region. The biofertilizer is environmentally 
friendly, one of today's best agricultural tools and is 
utilized for soil fertility and quality improvement (Guo et al. 
2020). It provides a cost attractive and environmentally 
sound way to increase the supply of nutrients. 
Biofertilizers may reduce pollution of the environment, are 
more cost effective, are readily available, the ability to 
reproduce and multiply are the main important factors to 
stimulate growth by the bacteria and biofertilizers 
compared to chemical fertilizers (Asoegwu et al. 2020). 

It is known that Azospirillum is an organism that is 
isolated worldwide mostly from the roots and rhizosphere 
of Gramineae family members that include maize, 
sugarcane, wheat and rice as the commonest hosts 
(Mehnaz, 2015). Orchids, coffee and fruits are reported as 
hosts for this bacterium as well, but rarely in comparison 
with grasses (Reis et al. 2011). The Azospirillum has been 
known for its ability to produce nitrogen and 
phytohormones (Fukami et al. 2018). In laboratory scale 
and in the field, it is one of the very well studied 
rhizobacteria that stimulate plant growth. No of its species 
or strains have been recorded as pathogens for plants or 
humans (Wisniewski-Dyé et al. 2015). It has been 
regarded to be the safest bacterium that could be 
commercially utilized as a biofertilizer for multiple crops, 
particularly grass or cereal crops, which includes rice and 
wheat that are economically important worldwide (Sahoo 
et al. 2013). A few of the species have been reported to 
have phosphate dissolving capability and high tolerance to 
salts (Massahi et al. 2018). The response of yields to 
inoculants Azospirillum bactericization was nearly equal to 
that achieved with the use of 15 to 20 Kg N/ha. 
Azospirillum inoculation, as a biofertilizer, increased the 
overall productivity of plants grown in trials field typically 
ranging from 10% to 30% (Raffi & Charyulu, 2021). It has 
been reported that productivity of rice increased because 
of inoculation with Azospirillum in the range of 5% to 60% 
(Khorshidi et al. 2011). Inoculation of a bacterium in a 
maize plant could be utilized to reduce chemical fertilizer 
use by 15-50 percent and increase yield by 5-30% (Verma 
et al. 2011).  (El- Kholy & Gomaa, 2000) have also been 
able to decrease the recommended rates of chemical 
fertilizers required for millet and corn by 50 percent by 
utilizing biofertilizers without yield loss. 
 
MATERIALS AND METHODS 

Inoculation of maize plant seeds and vegetative 
growth under different treatments for observation of 
yield 

A randomized maize seed variety HG-3740 was 
subjected to sacrificial sterilizations (0.1% solution of 
HgCl2) subsequent to multiple and attentive washes with 
water (distilled and sterilized). Post-desiccation, sterilized 
seeds were macerated for four hours within inoculums 
made for the purpose of inoculating Azospirillum isolates 
into seeds of maize (Ilyas et al. 2012) then under the 
treatments (Table 1) maize plants were grown for 
observation of yield. 

 
Table 1: Various treatments to study experimentally 

Treatment 

T0 Uninoculated 
 

T1 Inoculated with Azospirillum Lipoferum 
 

T2 
Application of merely the suggested  

fertilizer rates (*200 kg/ha) 
 

T3 
Inoculated with Azospirillum Lipoferum 

 and application of the suggested 
 fertilizer rates (**100 kg/ha) 

 
 
 

*general agronomical practices were the same among all treatments 

Effect of Azospirillumlipoferum on maize yield 

Parameters of yield 
Data on parameters of reproduction, like length of 

ears (LE), number of ear per plant (NEPP), thousand 
grains weight (TGW), number of plants per square meter 
(NPPSM), grain weight per plant (GWPP) represented in 
grams, number of grains per ear (NGPE), per grains 
weight in grams (PGW), number of grain per row (NGPR), 
number of rows per ear (NRPE), total grain yield in Kgha-1 
(TGY), number of grains per plant (NGPP), yields per 
square meter (YPSM) represented in kilograms, plant 
parameters were measured as mean of three replicates ± 
standard deviations. 

Statistical analysis 
Data was statistically analyzed with Microsoft excel 

(2010) and software for statistics (8.1 version) 
 
RESULTS 

Yield parameters of all Treatments 

Number of Plant per square meter (NPPSM) 
The six plants per square meter were planted to 

detect the maize yield less than the four treatments e.g. 
T0, T1, T2 and T3 (Table 2). 

Number of ears per plant (NEPP) 
Since ear numbers/plant is mainly a heritable 

controlled factor, however, environmental and nutrient 
levels can also manipulate ear number/plant. Additional 
ear number/plant can lead to higher yield of grain per 



Hidayatullah et al.                                                                                                                   Azospirillum Lipoferum as a biofertilizer 

 

                                                                   Bioscience Research, 2022 volume 19(1): 528-535                                                            530 

 

plant. There was a substantial difference in ear number 
per plant. The highest ear number per plant was found to 
be (1.10) at T1, T2 & T3. Whereas lowest ear number per 
plant was detected in T0 as (1.00) (Table 2). 

Length of ear (LE) 
Since ear length is related to the total maize plant 

yield, therefore the following treatments were observed. 
Maximum ear length was seen (21.8 cm) in plants of T3 
and minimal length of ear was seen (19.567 cm) in plants 
of T0. Significant increase in ear length (P<0.05) was 
observed indicating significantly longer ear length as 
maximal length of 21.8 cm was seen in the plants of T3 
and minimal length was 19.567 cm in the plants of T0 
(Fig.1). A substantial difference in ear length between 
treatments existed as evident from the high coefficient of 
variance among the groups e.g. 0.37 (Table 2). Likewise, 
the comparison critical value was determined as 0.1438. 

Number of rows per ears (NRPE) 
The rows per ear can be influenced by the ecological 

and nutrient levels. Higher number of rows per year 
(15.667 at T3) resulted in higher yield of grain. The lowest 
row numbers per year was recorded (13.667) at T0 
(Fig.1). Since the row number per year was increased 
indicating significant higher values than (P<0.05), 
therefore there was considerable differences in row 
number per year as the highest row number was seen at 
T3 i.e. 15.667 and the lowest row number was seen as 
13.667 at T0 (Fig.1). The coefficient of variance efficiency 
among the treatments was observed to be 3.94 (Table 2) 
and the comparison critical value was seen to be 1.087. 

Number of grains per row (NGPR)  
Since it is related to the ear length, as the ear length 

expands, the row size also expands and the grain number 
increases simultaneously. The maximum grain 
number/row was noticed to be 38.667 at T2 and T3 
whereas the least number was noticed to be 36.667 at T0 
(Fig. 2). Significant increase in grain number/row (P<0.05) 
was observed. A significant variation exists in the grain 
counts between the treatments as evident from the high 
variance coefficient among the groups e.g. 3.05 (Table 2). 
Likewise, the critical value as 2.1741 was obtained for 
comparison. 

Number of grains per ear (NGPE) 
The overall yield of grain is in direct proportion with 

the grain number/ear. As monitored, the additional grain 
ear count has the capability to enhance the overall yield of 
grain. Highest number of grains/ear was recorded as 
(605.33) at T3 that was considerably different from all 
other treatments. The lowest grain number/ ear was 
recorded at T0 (500.67) (Fig. 2). Significant increase in 
grain number/ear (P<0.05) was observed. A significant 
variation exists in the grain counts between the treatments 
as evident from the high variance coefficient among the 

groups e.g. 0.96 (Table 2). Likewise, the critical value as 
10.096 was obtained for comparison.  

Number of grains per plant (NGPP) 
This is correlated with ear number/plant. The number 

of grains/plant will be enhanced on the one hand with 
increasing ear number and total plant yield/ha will be 
enhanced on the other hand. Highest grain number/plant 
was seen at T3 that was 665.87 and lowest grain 
number/plant was at T0 that was 500.67. (Fig. 2). 
Significant increase in grain numb/plant (P<0.05) was 
observed. A significant variation exists in the grain 
counts/plant between the treatments as evident from the 
high variance coefficient among the groups e.g. 
0.96(Table 2). Likewise, the critical value as 10.822 was 
obtained for comparison.  

Per grain weight in grams (PGW)   
This is in correlation with overall maize yield and 

highest per grain weight was seen to be 0.2197 g at T2 
and T3 and lowest was 0.2147 g at T0 (Fig. 2). Significant 
increase in per grain weight (P<0.05) was observed. A 
significant variation exists in the grain counts/plant 
between the treatments as evident from the high variance 
coefficient among the groups e.g. 0.27(Table 2). Likewise, 
the critical value as 10.873 was obtained for comparison. 

Thousand grains weight (TGW) 
The thousand grain weight is a mandatory factor that 

contributes directly to final crop grain yield. Data 
presented in the table of results indicate strongly 
significant outcomes. An outstanding influence of different 
treatments on 1000-grain weight was observed. The 
highest 1000-grain weight was found for T3 (219.67 g). 
The lowest 1000-grain weight was found at T0 (214.67 g) 
(Fig. 3). Significant increase in thousand grain weight 
(P<0.05) was observed. A significant variation exists in the 
thousand grain weight between the treatments as evident 
from the high variance coefficient among the groups e.g. 
0.27 (Table 2). Likewise, the critical value as 1.0871 was 
obtained for comparison. 

Grains weight per plant (GWPP) 
The highest grain weight was found to be 146.27 g at 

T3, whereas the least grain weight/plant was found to be 
107.50 g at T0 (Fig. 3). This is correlated with the ear 
number/plant. With increase in ear number/plant, the grain 
number/plant will be increased which will increase 
completely maize yield/ha. Significant increase in grain 
weight/plant (P<0.05) was observed. A significant 
variation exists in the grain weight/plant between the 
treatments as evident from the high variance coefficient 
among the groups e.g. 0.87 (Table 2). 

Yield of Plants per square meter (YPSM) 
Since six plants per square meter were grown in the 

field trial, the yield from these plants will provide a 
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contribution to the total yield/ha. The highest yield of 
plants/sq m was obtained (0.8767 kg) at T3 and the lowest 
yield was obtained (0.6467 kg) at T0 (Fig. 3). Significant 
increase in yield of plants/sq m (P<0.05) was observed. A 
significant variation exists in the yield of plants/sq m 
between the treatments as evident from the high variance 
coefficient among the groups e.g. 0.90(Table 2). Likewise, 
the critical value as 0.013 was obtained for comparison. 

Total grain’s yield in kg/hectare (TGY) 
Highest total grain yield was observed (8776.1 Kg/ha) 

at T3 whereas the least total grain yield was observed 
(6448.5 Kg/ha) at T0 (Fig. 3). Significant increase in total 
grain yield in Kg/ha (P<0.05) was observed. A significant 
variation exists in the total grain yield in Kg/ha between 
the treatments as evident from the high variance 
coefficient among the groups e.g. 0.86 (Table 2). 
Likewise, the critical value as 126.59 was obtained for 
comparison. 

Correlation 
Comparison of means showed that the use of nitrogen 

fertilizer and Azospirillum inoculation could cause an 
improvement in yield and growth constituents on the one 
hand, and can reduce nitrogen use and raise grain yield 
on the other hand. Moreover, increased early growth and 
greater photosynthesis associated with treatment with 
bacteria were the major factors in increasing yield and it 

was in good agreement with findings reported by other 
investigators (Fischer, 1985; Vande Broek & 
Vanderleyden, 1995). 

Comparisons of production parameters of whole 
treatment 

The results showed on the one hand that inoculation 
with A. Lipoferum could be effective in increasing maize 
yield, especially under the most challenging growing 
conditions where plant access to soil nitrogen is 
controlled. In the other hand, the average comparison 
showed that N-fertilizer and A. Lipoferum could cause an 
enhancement of the yield and growth constituents. The 
co-application of N-fertilizer and A. Lipoferum resulted in a 
50% reduction in nitrogen fertilizer use and a 36% 
increase in grain yield. 

It was observed that, T1 yielded 21.84% more 
compared to T0 while T2 yielded 4.56% more compared 
to T1 as well as 27.40% more compared to T0. The T3 
yielded more compared to T0, T1 and T2 e.g. 36.09%, 
11.69% and 6.82% more than T0, T1 and T2 respectively 
(because of using 1/2 dosage of suggested fertilizer 
applied in T2, 100 Kg/ha & Azospirillum inoculum) as 
shown in Fig. 4. 

 
 

 
Table 2: LSD all –Pair wise comparisons test of Maize yield parameters for Treatments 

 

L
S

D
 a

ll
-p

a
ir

 w
is

e
 C

o
m

p
a

ri
s
o

n
s

 t
e
s
t 

o
f 

p
a

ra
m

e
te

rs
 b

y
 t

re
a
tm

e
n

t 

T
re

a
tm

e
n

t 

N
P

P
S

M
 

N
E

P
P

 

L
E

 

N
R

P
E

 

N
G

P
R

 

NGPE NGPP 

T
G

W
 

PGW(g) GWPP(g) 

Y
P

S
M

 (
k
g

) 
 

(N
P

P
S

M
*G

W
P

P
/1

0
0
0
) 

TGY 

(N
R

P
E

*N
G

P
R

) 

(N
E

P
P

*N
G

P
E

) 

(T
G

W
/1

0
0
0
) 

(N
G

P
P

*P
G

W
) 

(kg/Hec) 

(Y
P

S
M

*1
0
0
0
0
s
q

m
) 

T0 6 1 19.567d 13.667b 36.667a 500.67d 500.67d 214.67b 0.2147b 107.50d 0.6467d 6448.5d 

T1 6 1.1 20.700c 14.667ab 37.667a 552.0c 607.20c 215.67b 0.2157b 130.97c 0.7867c 7857.1c 

T2 6 1.1 21.100b 14.667ab 38.667a 566.67b 623.33b 219.67a 0.2197a 136.90b 0.8200b 8215.5b 

T3 6 1.1 21.800a 15.667a 38.667a 605.33a 665.87a 219.67a 0.2197a 146.27a 0.8767a 8776.1a 

Grand 
Mean 

 6 1.075 20.792 14.667 37.917 556.17 599.27 217.42 0.2174 130.41 0.7825 7824.3 

CV  0 0.0 0.37 3.94 3.05 0.96 0.96 0.27 0.27 0.87 0.90 0.86 
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Figure 1: Influence of various treatments on mean numbers of plant/sq m (NPPSM), mean numbers of ears/plant 
(NEPP), mean lengths of ears (LE) and mean numbers of rows/ear (NRPE) at similar conditions 

 
Figure 2: Influence of various treatments on mean numbers of grain/row (NGPR), mean numbers of grain/ear 

(NGPE), mean numbers of grain/plant (NGPP) and mean per grains weight (PGW) at the similar conditions 
 
- 
 



Hidayatullah et al.                                                                                                                   Azospirillum Lipoferum as a biofertilizer 

 

                                                                   Bioscience Research, 2022 volume 19(1): 528-535                                                            533 

 

 
Figure 3: Influence of various treatments on mean 1000-grain weight (TGW), mean grain weight/plant (GWPP), 

mean yield/sq m (YPSM) and mean total grain yield (TGY) at the similar conditions 

 
Figure 4: Total yield percentage increase for various treatments at the similar conditions 
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DISCUSSION 
Similar trend was noticed in all yield related 

treatments like length of ears (LE), number of ear per 
plant (NEPP), thousand grains weight (TGW), number of 
plants per square meter (NPPSM), grain weight per plant 
(GWPP) represented in grams, number of grains per ear 
(NGPE), per grains weight in grams (PGW), number of 
grain per row (NGPR), number of rows per ear (NRPE), 
total grain’s yield in Kg/hectare (TGY), number of grains 
per plant (NGPP), yields per square meter (YPSM) 
represented in kilograms but highest production was seen 
to be 8776.1 Kg ha-1 at T3. Primary effects of A. Lipoferum 
and N-fertilizers were substantial for entire treatments 
considered. Inoculation with Azospirillum showed 
significant effect on most parameters as expected 1000-
grain weights. Co-application of bacteria and nitrogen 
fertilizers can reduce nitrogen use and enhance grain 
production. The average comparison of N-fertilizer and 
bacterial inoculation levels demonstrated that plants 
treated with A. Lipoferum gave higher grain production 
than the control. The increased early plant growth and 
greater photosynthesis rate in microbial treatments were 
the major factors in the increase in production and it was 
in concordance with the findings found by other 
investigators (Vander Broek & Vonderleyden, 1995). 
Application of chemical fertilizers in combination with the 
bacteria can be beneficial for almost about 50% of the 
nitrogen fertilizer outputs. Number of ear, number of 
rows/ear and number of grains/ear are prohibitive factors 
as environmental and nutrient level can affect all 
parameters so additional number of ear, row, and grains 
per plant resulted in increased crop yield (Tahir et al. 
2008). In T3, higher yield of grain is due to higher density 
of plants, number of ears, more rows/ear, higher number 
of grains/row and weight per 1000 grains due to A. 
Lipoferum and fertilizers usage. The present findings are 
in agreement with that reported by McCutcheon et al. 
(2001), who assayed momentous variation within maize 
varieties for grain production. Since plants of T3 exhibited 
higher yield and growth due to Azospirillum Lipoferum and 
use of ½ dosage of fertilizer. The presence of 
Azospirillum, contributed significantly to the increase in 
yield of the plants already when nitrogen fertilizer was 
applied at a rate of eighty-kilogram per hector (Rai & 
Gaur, 1982) and in a high dose (Reynders & Vlassak, 
1982). 

CONCLUSION 
It was observed from recent study that the strength 

and productivity of the plant could be raised through 
inoculating the maize plant with A. Lipoferum. Application 
of nitrogen fertilizer in combination with inoculation with 
Azospirillum can decrease the rate of N-fertilizers by upto 
50% and enhance productivity of the maize plant by 36%. 
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