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Abstract
Agriculture sectors are facing various threats that hinder plant growth globally. In order to improve
plant growth the use of beneficial microbes play very important role. The purpose of the current
study was to analyze the root development by the application of Plant growth promoting bacteria
(PGPB). The importance of this study was to enhance the root development of maize plant which
in turn increases its overall growth and production by using PGPB. The experiment was conducted
under complete randomized design (CRD). Two varieties of Cereal crop maize were selected to
check the effects of PGPB on development of roots. Initially seeds were inoculated with eight
different bacterial strains that were isolated previously in Plant microbe interaction lab. Out of
which two bacterial strains R7 and R8 found to be more efficient in promoting different activities
of plants which affect the root development. Plants were grown in pots after inoculation. Five
different treatments were applied and the six one was control and after harvesting parameters of
roots to be analyzed were taken. Five different parameters of roots were observed after harvesting.
These parameters include Average root width, Network depth, maximum number of roots, specific
root length and network area. Estimation of root parameters was done with the help of GiA root
software. GiA software is a new technique to analyze Root System Architecture (RSA) traits.
Results were variable after the inoculation of bacterial strains which prove that the PGPB have
positive effects on root development and hence all over the plant growth.
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that is called as bioremediation of polluted
Introduction
Crop production had been improved by using
soil [1].
soil microbes from many years. In recent
At this time, the application of biological
times, mineralization of organic pollutants
techniques is getting popularity as they are
has been increased by using bacteria in soil
added as a helper to chemical fertilizers in
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order to increase plant growth and yield of
crops in an incorporated plant nutrient
system. In this contest PGPB (Plant growth
promoting bacteria) has gain a vital part in
building maintainable systems for crop
production [2]. A wide range of nonsymbiotic bacteria that include Azospirillum,
Azotobacter, Klebsiellasp and Bacillus etc.
Also the symbiotic bacteria including species
of Rhizobium are applied all over the world
in order to achieve increased plant growth
and production rate [3].
Plant growth promoting bacteria are the type
of bacteria which can increase growth of
plants by a range of procedures e.g.
phosphatesolubilization, biological nitrogen
fixation, siderophore production, rhizosphere
etc. Studies prove that there are some bacteria
that remain attached to plants have the
capability to boost plant growth [4]. These
microorganisms have got attention for the
reason that now a day most remarkable need
is to decrease the practice of chemicals
especially when seeing the condition of
maintainable cultivation and environmental
protection [5]. Plant growth promoting
bacteria have the capability to help in the
development and growth of maintainable
agricultural systems [6].
Main objectives of the current study was the
application of already isolated PGP (Plant
growth promoting bacteria) strains to check
their root growth promotion activities and
understand effects of PGP bacteria on root
architecture of maize plants.
Materials and methods
The current experiment was performed in the
laboratory of Plant Sciences, University of
Sargodha Sub Campus Mianwali. Previously
isolated strains from the medicinal plants in
the Plant Microbe Interaction were used in
the study. Bacterial strains were used to
evaluate their influence on plant root
development.

Preparation of Inoculum and soil
sterilization
Two previously isolated bacterial strains (R7
and R8) were used for inoculum preparation.
Luria Bertani (LB) was used in quantity of
100ml to inoculate both strains separately at
120 rpm for time of 48 hours and temperature
given was 30 for the purpose of incubation.
After incubation, centrifugation of broth
culture was performed at 3000 rpm for 10
minutes. After this, pallets were collected and
distilled water was used to re-suspend these
pallets in order to obtain optical density equal
to 1 at 600 nm. This suspension was then used
to soak seeds before their sowing [7].
Ethanol (95%) was used for the purpose of
surface sterilization by dipping them in it for
few seconds after that seeds were dipped in
0.2% solution of HgCl2 for three minutes and
then carefully rinsed off with distilled water
[8]. After surface sterilization of seeds, they
were soaked in already prepared bacterial
inoculum for time period of 3 - 4 hours prior
to sowing whereas seeds for application of
control treatment were soaked only in
distilled water. Autoclaved soil was filled in
pots with the capacity of 5 kg for sowing two
varieties of two maize seeds whereas ratio of
autoclaved soil, sand, vermin compost was
kept (1:1:1) in pots.
Pot experiment
Pot experiment was performed in order to
characterize the capability of previously
isolated bacterial strains in promoting the
growth of plants and to check their influence
on root development. Total eight isolates of
bacteria were previously isolated named as
R1, R2, R3, R4, R5, R6, R7, and R8. Among
all these eight strains of bacteria only two
strains R7 and R8 showed best performance.
So, these two previously isolated bacterial
strains i.e. R7 and R8 were picked to use in
pot experiment because of their high PGP
activity.
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Design used for pot experiment was complete
randomized design (CRD) and the
arrangement was kept factorial and number
of replicates was three. Two varieties of
maize seeds that were used during this
experiment named as TP-1217 (Variety 1)
and TP-1221 (Variety 2) were gained from
NARC, Crop Research Institute as this
experiment was carried out National
Agriculture Research Centre (NARC)
Treatments application
The schedule of treatments for both varieties
(TP-1217=V 1) and (TP-1221=V 2) was kept

same and the conditions applied were also
same in below (Table 1).
After the time period of 60 days of
germination and 15 days of disease
application
plant
were
harvested.
Immediately after harvesting different
physiological parameters was taken. These
physiological parameters include average
root width (diameter), network depth,
maximum number of roots, specific root
length and network area.

Table 1. Experimental treatments
Abbreviations
C
T1
T2
T3
T4
T5

Treatments
Control
Bacteria R7 (B1) was applied
Bacteria R8 (B2) was applied
Bacteria R7+disease was applied (B1D)
Bacteria R8+disease was applied (B2D)
Only disease was applied (D)

ANOVA was used for this purpose. Least
significance difference test (LSD) was used
to test significance of treatments mean which
was p≤0.05.
Results
Estimation of roots using GiA roots software
discovered
many
prime
phenotypic
parameters of roots by rice roots. Analysis of
traits of roots by using root system
architecture (RSA) may help out in deep
vision of phenotype of rice roots and in turn
it leads to the formation of new paths for
better understanding of various hidden
aspects of root development. Therefore, in
recent study, GiA roots software was used in
order to analyze a large number of images of
rice roots. As a result of these processed
images of 14, 21 and 28 days old rice roots
was generated. The results showed there was
an increase in different parameters of root
development. Similarly, an increase in root
parameters were observed in roots of maize
also which was used to analyze RSA (root
surface architecture) of roots by rice roots.

Estimated parameters of roots
Different parameters can be estimated by
using GiA software. But here in this study
five parameters were observed that are
Average root width also called as diameter
was taken of freshly harvested plants. The
scale used was in cm and measuring tape was
used to take diameter [9]. Second parameter
taken was network depth. It was also taken of
freshly harvested plants in centimeter.
Number of roots was noted immediately after
harvesting of plants. Maximum number of
roots was taken in (n).The 4th parameter was
specific length of roots. Length of roots was
measured by using measuring tape and the
scale used to take specific root length was
centimeters [10]. Network area is the last
parameter which was measured by using
freshly harvested plants and the scales used
were square of cm (cm2).
Statistical analysis
All the data obtained from experiments was
collected and then deduced and analyzed by
using version 8.1 of Statistics. Two-way
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were inoculated with bacterial strains along
with disease application, the rate of increase
in average root width of both analysis of traits
of roots leads to the formation of new paths
for the development.

Average root width (Diameter)
Results show that there is an increase in root
width of both maize varieties V1 (TP-1217)
and V2 (TP-1221) in below (Figure 1). When
treatment was given with bacterial strains R7
and R8. On the other hand, when the plants
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Figure 1. Average increase in root width a width after treatment with bacteria
network depth of both varieties. Afterward in
treatments T3, T4 and T5 in plants of maize
network depth of roots continuously increase
as a result increasing the growth rate of these
plants in (Figure 2).

Network depth
Results for network depth are different.
Treatment with bacterial strain R7 (B1) cause
a slight decrease in network depth in roots of
both varieties of maize but when treated with
bacterial strain R8 there was an increase in
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Figure 2. Network depth of roots by treatments with different bacterial strain
same development of roots but plants treated
with T4 and T5 have almost same
development of roots but plants treated with
bacterial isolate R7 have shown decrease in
number of roots in (Figure 3).

Maximum number of roots
Numbers of roots were only increased in
treatment named as T2 in both varieties (TP1217) and (TP-1221) so in this case the
growth of plants was better than the other
plants. Control, T3, T4and T5 have almost
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Figure 3. Roots development of plant by treatment with bacteria
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roots almost remains consistent. This is
proved that both bacterial strains R7 and R8
help the maize plants to increase their length
of roots in treatment T1, T2, T3, T4 and T5
as well as to maintain their root length that
helps the plants to increase their mineral
uptake in below (Figure 4).

Specific root length
A massive increase in root length was
observed in all plants of variety V1 (TP1217) and variety V2 (TP-1221). Graph
shows that change in length of roots of all
plants was almost same. In all cases of
bacterial strain application, the length of
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Figure 4. Specific root length of plants by treatment with bacteria
strain B1 in both varieties. After that in case
of bacterial strain R8 network area of roots of
maize increased greatly in two varieties (TP1217) titled as V1 and (TP-1221) named as
V2. But network area decreased after the
application of bacterial strains along with
disease in (Figure 5).

Network Area
Bacterial strain R8 (B2) only cause positive
effects in network area. But R7 that is
bacteria strain named as B1 showed negative
effects in development of network area of
roots as network area of plants of T1 was
greatly decreased when treated with bacterial
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Figure 5. Network area of plant root by treatment with different bacterial strains
developmental changes of all the parameters
of roots of maize in both varieties V1 (TP1217) and V2 (TP-1221). As the roots
showed developmental changes that’s why
with the help of two colored bars these
changes were explained in below (Table 2).

Trait description
All the traits used for estimation were
described in their measurement scale. Their
estimation was described with the help of
graphical explanations. In graphs the growth
rate of roots of maize were described in the
form of bars. These bars clearly show the
Table 2. Description of traits
Traits
Average root
width
Maximum
number of roots

Description
This trait is parallel to the diameter of roots. In whole root system, the
mean value of root width for all the pixels of medial axis is estimated.
The maximum number is measured as 1 standard deviation (84thpercentile value), after concluding the number of roots intersecting a
horizontal line from smallest to largest. It is denoted by (MaxR).

Units
Cm
N

along with R7, R8, R3 is also involved in
amylase production. Zinc solubilization ability
is shown by R1, R2, R3, R4, R5, R6 and R7.
Bacterial strains R4, R7 and R8 played their
role in pectinase production and R1, R4, R5,
R6, R7 and R8 in protease production. All the
bacterial strains represented bubble formation
illustrating that they are also capable of catalase
production. Cellulose production is performed
by R1, R4, R5, R6, R7 and R8.

Discussion
Result analysis of the present study showed that
R7 and R8 have the ability to produce
siderophore, as well as R3, R7 and R8 are
capable of produce ammonia. Bacterial strains
R1, R2, R4, R7 and R8 are found to be involved
in Phosphate solubilization whereas R2, R4,
R5, R7 and R8 have IAA production ability.
Among all bacterial strains only R7 and R8
found to have oxidase production ability and
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Many previous studies showed that PGPB
strains have the ability to produce plant
hormones and are capable to stimulate cell
division as well as elongation of plant cells and
also alters activity of bacterial 1aminocyclopropane-1-carboxylate
(ACC)
deaminase, that stop the ethylene, a plant
growth inhibiting hormone to be produced [11,
12]. As bacteria are present in rhizosphere of
plant in high number are of great importance in
reference to change inorganic and organic
substances into accessible plant nutrients that
were previously unavailable and can influence
the vegetative growth of different trees e.g.
apple that’s why one of the mechanisms used
by PGPB to increase the growth of plants could
be to increase the amount of available nutrients
to plant and to increase the production of plant
growth regulators [13]. Many previous studies
acknowledged different bacterial strains with
the ability to produce different plant growth
regulators in rhizosphere of plant and these
regulators include IAA, cytokinin and others
and these regulators have positive effects in
promoting plant growth and increase in yield
[14-16]. On the other hand, oxogenous IAA has
played its part in making survival of PGPB on
host plant possible, increase efficiency and
growth as well as proved its contribution in
colonization [17].
Previous studies on PGPBs have proved the
practical application of inoculation of these
bacteria on commercial basis for improving
production rate of vegetables that are having
peat substrates with the aim to enhance vigor of
plants and increased yield rate as well as
helpful in controlling several diseases of roots
[18, 19]. Many previous researches have
reported that PGPB can also be a reason of
causing the change in metabolism of plants as
a result of their inoculation in plants, hence it
was proved by interpreting the metabolic rate
of these plant roots and different parts of roots
like tissues and exudates of roots, it was also
observed that not only roots but also
metabolism of shoots both in control and
normal conditions get effected by the
inoculation of plant growth promoting bacteria.

Conclusion
It was concluded that the members of many
PGPB functional groups can perform all
together in the form of consortia or with their
positive and contrary effects on plant growth
and development. These positive effects can be
achieved by application of different inoculation
methods comprising of several kinds of
microorganisms proved to be beneficial for
plants in form of combination. On the other
hand, the interactions between different
bacterial strains being inoculated and the
microorganisms that are present already in the
rhizosphere or other parts of the plants also
have great importance in this matter. Among
eight strains two were used in this study that
was inoculated in two varieties of maize to
check their effect on roots of maize. These two
bacterial strains R7 and R8 showed remarkable
effects on different physiological parameters of
maize plant roots. Five parameters of roots
were estimated in this study. Bacterial strain
showed
noticeable
effects
on
the
developmental rate of roots like plants treated
with R7 and R8 had an increase in their average
root width and length was also increased after
inoculation of bacteria.
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