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Abstract

Ten endophytic bacteria isolated from maize plants at
farmer fields were characterized for their endophytic
association and various biochemical activities such as
production of phytohormones, siderophore and phosphate
solubilization. All the selected isolates produced indole
acetic acid. However, four isolates (BHU3, BHU8, BHU9
and BHU10) have ability for phosphate solubilization.
Siderophore production was shown by six isolates (BHU1,
BHU2, BHU3, BHU5, BHU8 and BHU10). Activates of
endophytic bacterial isolates under field conditions
indicated significant increase in seed germination,
chlorophyll content, cob length, plant height, test weight,
grain yield and harvest index over control. Isolates BHU3,
BHU8 and BHU10 performed relatively better than the
other isolates.
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Introduction

Maize (Zea mays L.) is one of the three important cereal
crops after wheat and rice in world. Increasing demand
for food and livestock feed caused maize to be introduced
as an important crop in temperate and semi-arid regions.
Intensive farming practices that aim to produce higher
yield, require extensive use of agrochemicals which are
costly and create environmental pollution (Kozdro et al.,
2004).

Microorganisms play pivotal role in recycling of plant
nutrients and have considerable potential to reduce the
need for chemical fertilizers (Diep and Hieu, 2013). Plant
growth promoting rhizobacteria have more significance in
this regard because they can enhance the availability of
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plant nutrients as well as promote plant growth (Verma et
al., 2013). Direct effects of PGPR have been attributed to
the production of plant hormones such as auxins (Patil et
al., 2011), cytokinins (Arkhipova et al., 2005), and
gibberellins (Patel et al., 2012) as well as solubilization of
phosphate (Verma et al., 2013). Indirect mechanisms for
promotion of plant growth includes suppression of
bacterial, fungal and nematode pathogens by production
of cyanide, siderophores, ammonia (Marques et al., 2010),
antibiotics and volatile metabolites etc. The present study
reports the characterization of endophytic bacterial
isolates from maize plants and effect of their inoculation
on germination, growth parameters and yield of maize.

Materials and Methods

Isolation and Identification of bacterial endophytes
Maize roots from North-eastern part of Uttar Pradesh
(Varanasi, Mirzapur and Jaunpur) and hilly region of
Uttrakhand (Chamoli and Joshimath), India were collected
at the age of 15 days after sowing. Roots were cleaned
thoroughly with tap water, rinsed with sterile distilled water
and cut into 2-5 cm long pieces. Five grams of root pieces
of each sample were transferred to a sterile 250 ml
Erlenmeyer flask containing 50 ml of sterile water, shaken
for 15 min, and washed six times in 50 ml of sterile distilled
water. Pieces of root were then aseptically transferred to
another sterile 250 ml Erlenmeyer flask and surface
sterilized by shaking in 95% ethanol for 1 min and then in
0.1% HgCl, for 5 min (Chaintreuil et al., 2000). The 0.1 ml
suspension of sample was spread on Yeast extract manitol
medium (Vincent, 1970), Luria Broth medium (Bertani,
1951), Azelic acid medium (Santos et al., 2001), and King’s
B medium (King et al., 1954) and incubated at 28°C for
48-72 hr. Well developed colonies were selected and
stored in the same media at 4 °C.

Characterization of isolates
Morphological characteristics of the endophytic colonies
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such as shape, size, elevation, surface, margin and colour
were recorded on YEM agar plates after 3 days of
incubation. Siderophore production by bacterial isolates
was detected as described by Schwyn and Neilands
(1987) with some modifications. IAA production was
estimated by growing the bacterial strains in YEM broth
supplemented with 100 pl tryptophan ml? (Gordon and
Weber, 1951). Phosphate solubilising activity of the
isolates was assessed on Pikovskya’'s medium.

Field experiment

The field experiment was conducted at Agricultural
Research Farm, Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi, Uttar Pradesh, India in 2011.
The soil was sandy clay loam in texture having 40.8 %
water holding capacity, pH 7.2, electrical conductivity 0.155
dSm?, 0.78 % organic C and 213.2, 27.2 and 254.7 kg
available N, P,O, and K,O ha?, respectively. The microbial
population of total bacteria, fungi and actinomycetes were
4.5x10%, 3.1x10® and 3.4x108 CFU g! soil), respectively.
Data were recorded on various plant growth parameters
and yield attributes were analysed by mean of one way
ANOVA procedure and means were compared by the F-
test (P<0.05).

Results and Discussion

Morphological and biochemical characterization
Endophytic association by plant growth promoting
rhizobacteria (PGPR) exert beneficial effects on plant
growth and development by a wide variety of mechanisms.
Among the ten isolates BHU3 formed bluish colonies
where as BHU6 formed pink and rest of the isolates shown
white watery colonies (Table 1). Plant growth promoting
activities of IAA production, siderophore and phosphate
solubilization were tested. Among ten endophytic bacterial
isolates, only six isolates (BHU1, BHU2, BHU3, BHUS5,
BHU8 and BHU10) showed the production of siderophore.

All endophytic bacterial isolates have the ability to
production of IAA, higher IAA production was observed
with BHU3, BHU8, BHU9 and BHU10 as compared with
BHU1, BHU2, BHU5 and BHUG. In case of phosphorous
solubilizing ability among ten isolates only BHU3, BHUS,
BHU9 and BHU10 isolates had the ability for solubilization
of phosphorus (Table 1). Similar findings were also
reported by (Alia et al., 2013).

Field experiment

The results showed that inoculation with all endophytic
bacterial treatments had a stimulated significant increase
in seed germination, chlorophyll content, cob length, test
weight, plant dry weight, grain yield and harvest index
(Table 2). BHU8 showed maximum increase (29.36%) in
plant height over control. Seed germination was
significantly increased by 22.70%, 22.70%, 20.25% and
18.25% respectively due to inoculation with endophytic
bacterial isolates BHU3, BHU8, BHU9 and BHU10. A
significant increase in chlorophyll content was recorded
in plants inoculated with BHU8 (32.08%) followed by BHU3
(31.09%), BHU10 (28.33%) and BHU9 (25.57%) over
control. Maximum cob length of maize significantly
influenced with BHU8 (26.78%), followed by BHU3
(23.71%), BHU10 (21.67%) and BHU9 (20.64%) control.
Maximum dry matter production was recorded with BHU8
(32.84%) over the control. Maximum grain yield was
recorded with BHU8 (72.22%) followed by BHU3 (58.89%),
BHU10 (52.50%) and BHU9 (50.00%) over control.
Maximum test weight was also recorded with BHU8 (29.75
g). Harvest index ranged from 27.67 to 37.41% and
maximum harvest index was recorded with BHU8. Many
reports have shown a contribution to the growth of maize
plants by plant growth promoting rhizobacteria. Some
studies showed that the extent of positive bacterial effects
on plant growth may vary between the species or on
different genotypes of the maize crop (Mitter et al., 2013).

Table 1. Morphological and plant growth promoting activities (Siderophore, IAA and P-solubilization) by endophytic

bacterial isolates.

Isolates Colour Pigmentation _Siderophore production _IAA production P-solubilisation
BHU1 White watery No + + ND
BHU2 White watery No + + ND
BHU3 Blue green Blue ++ +++ +++
BHU4 W hite mucilageous No ND ++ ND
BHUS5 W hite mucilageous No ++ + ND
BHU6 Pink Pink ND + ND
BHU7 W hite mucilageous No ND ++ ND
BHUS8 White watery No +++ + ++ +++
BHU9 White watery No ND + ++ +++
BHU10 White watery No +++ +++ +++

ND = Not detected; + = weak producer; ++ = medium producer; and +++ = good producer.
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Table 2: Effect of endophytic bacterial isolates on growth and yield attributes of maize under field conditions

Isolates Plant Seed Chlorophyll Cob 100 Grain Dry Grain Harvest
height (cm) Germination (SPAD) length weight (g) matter yield index (%)
(%) (cm) (9) (g)
Control 163.50 81.50 36.24 81.50 20.00 305.25 90.00 27.67
BHU1 174.75 93.00 39.10 83.33 23.50 325.50 95.75 29.41
BHU2 182.75 84.00 39.45 91.66 24.25 327.00 109.25 33.40
BHU3 211.50 100.00 47.86 103.33 30.25 405.50 155.00 38.22
BHU4 187.75 92.00 40.95 93.33 24.50 346.50 113.00 32.65
BHUS5 189.50 83.00 41.50 94.66 23.25 341.25 111.25 32.60
BHUG6 192.00 84.63 42.00 95.70 24.75 359.25 122.20 35.85
BHU7 191.75 91.13 40.50 92.50 24.00 353.25 117.00 32.65
BHUS8 202.00 100.00 47.50 100.83 29.75 382.25 143.00 37.41
BHU9 196.00 96.38 45.50 98.33 27.00 370.00 135.00 36.48
BHU10 200.50 98.00 46.50 99.16 28.00 377.00 137.25 36.60
LSD 5% 1.37 0.60 0.89 1.02 0.66 3.35 2.02 0.77
Conclusion

The present research shows a high bacterial diversity in
the roots and rhizosphere soil of the maize plants cultivated
in different regions of Uttar Pradesh. Ten bacterial isolates
demonstrated the positive effects of these strains on
germination percentage, plant height, grain yield and
chlorophyll content under field conditions. Among ten
endophytic bacterial isolate, highest producers of IAA and
siderophore and efficient phosphate solubilizing ability,
BHU3, BHU8 and BHU10 were found to be most efficient
plant growth promoter on the maize cultivars used in this
study. These strains were therefore recommended for the
use as bio fertilizer for field trials in future.
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