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Abstract
During the last couple of decades, it has been demonstrated that rhizobia can associate with roots of nonlegumes also without forming true nodules, and can promote their growth by using one or more of the direct or
indirect mechanisms of actions. This work examines the growth and yield responses of maize to inoculation with
different species of rhizobia, isolated from the root nodules of chickpea (Cicer arietinum L.), lentil (Lens culinaris
M.) and mung bean (Vigna radiata L.) in pots and fields. Twenty isolates of rhizobia were isolated from root
nodules each of mung bean, lentil and chickpea and were screened under axenic conditions. On the basis of their
promising performance under axenic conditions, nine most efficient isolates (three from each legume host) were
selected, characterized and further evaluated for their growth promoting activities by conducting pot and field
experiments. Results of pot experiment revealed that maximum increase in grain yield, 1000 grain weight, N, P and
K uptake (up to 47.89, 54.52, 73.46, 84.66 and 59.19% by CRI 28, respectively, over un-inoculated control) was
produced by the isolate of Mesorhizobium ciceri. Whereas, maximum improvement in rest of the parameters was
caused by the isolates of Rhizobium phaseoli (i.e. fresh biomass, straw yield and root length up to 36.30% by A 18,
25.46% by S6 and 81.89% by A18, respectively over un-inoculated control). Rhizobium leguminosarum isolates came
out to be the least effective among the species tested. Similarly, all the selected isolates improved the growth and
yield attributing parameters in fields as well but with varying capacity compared with un-inoculated control. The
selected isolates of Mesorhizobium ciceri and Rhizobium phaseoli again remained superior compared to the isolates
of Rhizobium leguminosarum under field conditions. The results of this study imply that rhizobium species had
potential to promote growth and yield of maize but this technology should be employed after appropriate site
specific investigations of particular rhizobial specie with respect to specific non-leguminous crop variety to get
maximum benefit in terms of better growth and yield.
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Introduction
The most studied and longest exploited plant growth
promoting rhizobacteria (PGPR) are the rhizobia (including
the Allorhizobium, Azorhizobium, Bradyrhizobium,
Mesorhizobium, Rhizobium and Sinorhizobium) for their
ability to fix nitrogen (Werner, 1992) in only their legume
host plants. But the interaction of rhizobia with nonlegumes has been neglected as an experimental system.
During the last couple of decades, work on rhizobial
interaction with non-legumes has been done progressively
and there has been increasing evidence that rhizobia can
also play an important role in the growth promotion of nonlegumes (Yanni et al., 2001; Lupwayi et al., 2004) by using
one or more of the direct or indirect mechanisms of actions.
Phytohormone production like IAA (Roy and Basu, 2004),
cytokinins (Upadhyaya et al., 1991), abscisic acid
(Frankenberger and Arshad, 1995) and gibberellins (Chi et
al., 2005), secretion of chemicals like lipo-chito-

oligosaccharides (Smith et al., 2002), lumichrome (Dakora
et al., 2002), solubilization of precipitated phosphorous
through releasing organic acids (Alikhani et al., 2006) and
mineralization of organic P through releasing phosphatase
enzymes (Abd-Alla, 1994), improvement in uptake of plant
nutrients (Biswas et al., 2000) by altering root morphology
(Anyia et al., 2004), production of siderophores (Meyer,
2000) and lowering of ethylene level through ACC
deaminase enzyme (Madhaiyan et al., 2006), are some
examples of rhizobial mechanisms that directly influence
plant growth. While indirectly, rhizobia improve the growth
of non-legumes through biocontrol of pathogens via
antibiosis (Hoflich, 2000), parasitism (Ozkoc and Deliveli,
2001) or competition (Arora et al., 2001) with pathogens
for nutrients and space, by inducing systemic resistance
(Liu et al., 1995) in host plant and through increasing root
adhering soil by releasing exopolysaccarides (Alami et al.,
2000).
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On the other hand, there are evidences for no influence
or even inhibitory effects of rhizobial inoculation in nonlegumes (Perrine et al., 2001; El-Tarabily et al., 2006).
Some researchers have also indicated specificity of
rhizobial inoculants with soil (Hilali, 2001), crop variety
and environmental conditions (Chelius and Triplett, 2000).
Keeping in view these facts, pot and field trials were
conducted to assess the efficacy of nine promising isolates
of rhizobia (which were previously found most efficient
under axenic conditions) for their ability to promote growth
and yield of maize (Zea mays L.) under natural
environmental conditions.

Materials and methods
Isolation and Screening of rhizobial isolates
Nine rhizobial isolates used in this study were isolated
from the root nodules of chickpea (Cicer arietinum L.),
lentil (Lens culinaris M.) and mung bean (Vigna radiata L.)
collected from different sites and screened on the basis of
their promising performance on maize seedling growth in a
series of experiments conducted under axenic conditions
(Mehboob et al., 2008).

Preparation of inocula and seed inoculation
Inocula were prepared by growing the selected
rhizobial isolates in 250 mL conical flask containing 100
mL yeast extract mannitol (YEM) broth which were
incubated in the orbital shaking incubator at 28 + 10C with
100 rpm for three days. An optical density of 0.5 recorded
at a wavelength of 535 nm, was achieved by dilution for
uniform cell density (108–109 CFU mL-1). The seeds of
maize were inoculated by mixing with peat based slurry
containing 3-day-old inoculum of respective isolate and
10% sterilized sugar solution at 100 mL kg-1 sterilized peat.
The seeds for control were treated with sterilized peat
having sterilized broth and sugar solution. Inoculated seeds
were dried for 6-8 h under shade.

Pot experiment
Nine most efficient isolates (3 each from mung bean
i.e. A18, S6, S17, chickpea i.e. CRI28, CRI34, CRI35 and lentil
i.e. LSI21, LSI29, LSI32) selected on the basis of their
promising performance in jar experiments (Mehboob et al.,
2008) conducted under axenic conditions were evaluated
for their potential to enhance the growth and yield of maize
plants grown in pots. Pot study was conducted with sandy
clay loam having pH, 7.8; ECe, 2.3 dS m-1; organic matter,
0.96%; total nitrogen, 0.06%; available phosphorus, 7.5 mg
kg-1 and extractable potassium, 110 mg kg-1 in the wire
house of the Institute of Soil and Environmental Sciences,
University of Agriculture, Faisalabad, (situated at longitude

72°0′ and 73°45′ E and latitude 30° 30′ and 32°0′ N),
Pakistan. The inoculated and uninoculated seeds of maize
(Zea mays L.) cv. Neelum were sown in pots at 5 seeds per
pot having 12 kg soil. The pots were arranged randomly at
ambient light and temperature according to completely
randomized design and each treatment was replicated
thrice. Thinning was done after two weeks of germination
and one seedling was maintained in each pot. The pots
received NPK at 180, 140, 90 kg ha-1 in the form of urea,
di-ammonium phosphate (DAP) and muriate of potash
(MOP). The whole PK was applied as basal dose while N
was applied in splits. The pots were irrigated with good
quality canal water. Data regarding growth and yield
parameters were recorded at maturity. Nitrogen, phosphorus
and potassium contents in grain and straw samples were
determined (Ryan et al., 2001).

Field experiments
Field experiments were conducted at two sites (site-I
and site-II) in order to further evaluate and confirm the
results of pot trials at the research area of the Institute of
Soil and Environmental Sciences, University of Agriculture
Faisalabad. The soil at site-I was sandy clay loam and had
pH, 7.8; ECe, 2.3 dS m-1; organic matter, 0.96%; total
nitrogen, 0.06%; available phosphorus, 7.5 mg kg-1 and
extractable potassium, 110 mg kg-1 whereas the soil at siteII was sandy clay loam and had pH, 8.0; ECe, 2.23 dS m-1;
organic matter, 0.75%; total nitrogen, 0.05%; available
phosphorus, 8 mg kg-1 and extractable potassium, 121 mg
kg-1. Inoculation of the seeds was completed in a similar
fashion as described in case of pot experiments.
Experiments were laid out in randomized complete block
design with three repeats. Dibbling method was followed
for the sowing of maize crop. NPK were applied at180,
140, 90 kg ha-1 using urea, DAP and MOP as source,
respectively. Full dose of P and K was applied as basal dose
while N was applied in two splits. Fields were irrigated
with good quality canal water. Data regarding growth and
yield parameters were recorded at maturity. Grain and straw
samples were analyzed for NPK using standard protocol.

Characterization of the selected isolates
The selected isolates were characterized for auxin
production, phosphate solubilization, root colonization,
chitinase activity, exopolysaccharides and siderophore
production.
Auxin production by the selected isolates in the
presence and absence of L-tryptophan (L-TRP) was
determined by colorimeter method as described by Sarwar
et al. (1992). Ability to solubilize inorganic phosphate of
the selected isolates was measured qualitatively by using
National Botanical Research Institute, Rana Pratap Marg
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(NBRI-RPM) medium as described by Mehta and Nautiyal
(2001). For exopolysaccharides activity (qualitative)
isolates were grown on RCV mineral media enriched with
mannitol, sucrose and with or without NaCl (Ashraf et al.,
2004) and production of EPS was assessed visually. Root
colonization of selected isolates was studied under axenic
conditions as described by Simons et al. (1996). For
siderophore production culture of the selected isolate was
added in to the well made on Chrome azurol S (CAS) agar
media taken in Petri plate prepared by following the
procedure described by Schwyn and Neilands (1987). The
plates were incubated at room temperature for 48 hours
after which change in colour in the medium was recorded
and characterized as positive for siderophore production.
Chitinase activity of the selected isolates was determined
according to the method described by Chernin et al. (1998).
The isolates were maintained at -200C in liquid broth
containing 20% (v/v) glycerol.

Statistical analysis
Data were subjected to statistical analysis by following
CRD using standard procedure (Steel et al., 1997). The
differences among treatment means were compared by
applying the Duncan’s multiple range tests (DMR)
(Duncan, 1955).

Results
Pot Trial
The plant height of maize grown in pots was stimulated
significantly by all the isolates except LSI29 in comparison
with un-inoculated control (Table 1). The increase in plant
height was between 3.23 to 23.44% over un-inoculated
control. Maize plants attained maximum height when
inoculated with CRI34 which was 23.44% more than uninoculated control. Isolates CRI28, A18, S6, and S17 yielded
statistically same results and caused up to 13.74% increase
in plant height. Isolate LSI29 was the least effective which
caused statistically non-significant increase up to 3.23% in
plant height compared with un-inoculated control.
Significant improvement in fresh biomass of maize
plants was recorded upon inoculation with six isolates
whereas three isolates gave non-significant improvement
compared with un-inoculated control (Table 1). Maximum
improvement of 36.30% in fresh biomass was obtained by
inoculation with the isolate A18 compared with uninoculated control. Moreover, significant improvement in
fresh biomass was also noted by the isolates S6 (24.72%),
CRI35 (23.97%), S17 (21.87%), CRI34 (19.14%) and CRI28
(17.28%), in descending order compared with un-inoculated
control. However, the isolates LSI21, LSI29 and LSI32 also
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increased the fresh biomass up to 12.16% but nonsignificantly compared with un-inoculated control.
As observed in the maize pot experiment, 67% of the
isolates had significant increasing effect while the others
33% had non-significant effect on straw yield of maize as
compared to the un-inoculated control (Table 1). Isolate S6
was superior among the isolates which enhanced the straw
yield significantly up to 25.46% over un-inoculated control.
The results of the five isolates i.e. A18, CRI28, CRI34, CRI35
and S17 also indicated an increase in straw yield of maize
ranging from 14.94 to 19.94% over un-inoculated control
but were statistically similar in their effects when compared
with each other. Likewise, the isolates LSI21, LSI29 and
LSI32 exhibited statistically similar results when compared
with each other.
Except LSI29 and LSI32, all the other isolates induced
significant increase in grain yield of maize grown in pots
over un-inoculated control (Table 1). The rhizobial isolates
increased the grain yield up to 47.89% in comparison with
un-inoculated control. The isolate CRI28 yielded maximum
increases of 47.89% while the minimum of 5.83% increase
in grain yield was induced by the isolate LSI29 which was at
par with the isolate LSI32 and un-inoculated control. The
isolates CRI34 and S6 were found statistically similar in their
results when compared with each other. The isolates S17 and
CRI35 were the next better isolates which increased the
grain yield up to 24.25% in comparison with un-inoculated
control.
The effect of rhizobial inoculation on 1000 grain
weight revealed that all the isolates performed positively
and significantly (Table 1). The investigations
demonstrated that the isolate CRI28 increased the weight of
1000 grains maximally up to 54.52% over un-inoculated
control which was followed by 46.43% increase given by
the isolate CRI34 compared to un-inoculated control. The
effect of all the remaining isolates was positive ranging
from 8.26 to 27.91% higher than un-inoculated control. The
isolates A18, LSI21 and S6 appeared statistically similar in
their effects when compared with each other. Likewise, the
isolates LSI29, CRI35 and LRI32 remained at par with respect
to each other.
Regarding root length of maize grown in pots, all the
isolates showed significant increase with respect to uninoculated control (Table 1). The longest roots (81.89%
more over un-inoculated control) were obtained where the
isolate A18 was used as inoculant. The next effective
isolates were S6 and S17 which increased the root length up
to 67.39 % in comparison with un-inoculated control. The
least effective isolate was LSI32 which showed 23.91%
increased root length in comparison with un-inoculated
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control. All the isolates differed significantly from each
other as well as from control.

plants attained maximum height (26.51% over uninoculated control) with the isolate S17 inoculation.

Table 1: Effect of inoculation with different species of rhizobia on plant height, fresh biomass, straw yield, grain
yield, 1000 grain weight and root length of maize plants grown in pots
(Average of 3 repeats)
Plant Height
Fresh Biomass
Straw yield Grain Yield
1000 Grain
Root Length
Strain
(cm)
(g pot-1)
(g pot-1)
(g pot-1)
Weight (g)
(cm)
Control
123.7 f
171.9 e
37.27 d
37.90 e
115.0 g
46.00 j
CRI28
135.7 cd
201.6 bd
43.44 ac
56.05 a
177.7 a
68.00 d
CRI34
152.7 a
204.8 bc
43.83 ac
45.14 bc
168.4 b
67.67 e
CRI35
144.0 b
213.1 ab
44.70 ab
46.01 b
128.6 ef
66.00 f
LSI21
132.7 de
182.8 ce
39.80 cd
42.44 cd
136.0 d
59.33 h
LSI29
127.7 ef
192.8 be
40.61 bd
40.11 de
126.7 ef
60.67 g
LSI32
133.7 de
178.4 de
40.74 bd
40.41 de
124.5 f
57.00 i
A18
136.7 cd
234.3 a
42.84 ac
42.36 cd
137.1 d
83.67 a
S6
137.3 cd
214.4 ab
46.76 a
44.31 bc
132.0 de
77.00 b
S17
140.7 bc
209.5 ab
43.17 ac
47.09 b
147.1 c
74.00 c
LSD value
5.973
23.19
3.648
2.770
5.992
0.162
*Means sharing the same letter (s) do not differ significantly at p < 0.05 according to Duncan’s Multiple Range Test.
CRI28, CRI34, CRI35: Chickpea isolates (Mesorhizobium ciceri); LSI21, LSI29, LSI32: Lentil Isolates (Rhizobium leguminosarum);
A18, S6, S17: Mung bean isolates (Rhizobium phaseoli)

NPK uptake (mg pot-1) by maize plants
Statistical behavior of NPK uptake by maize plants
grown in pots revealed that all the rhizobial isolates
increased the uptake of NPK significantly upon inoculation
compared with un-inoculated control (Table 2). The range
of increase in N, P and K uptake was from 19.92 to 84.66%
caused by the rhizobial inoculants in comparison with uninoculated control. Among the isolates, isolate CRI28
emerged as the most promising one which increased N, P
and K uptake maximally by 73.46, 84.66 and 59.19%,
respectively over un-inoculated control. The least effective
isolate was LSI29 that gave an increase of 19.96, 24.13 and
19.92% in N, P and K uptake, respectively over uninoculated control. However, non-significant differences
were observed when the results of the isolates were
compared with each other.

Field trials
Field trials were conducted at two sites of the farm of
the Institute of Soil and Environmental Sciences, University
of Agriculture, Faisalabad to evaluate the inoculation effect
of different rhizobial isolates on growth and yield of maize
and the results obtained are described as under:
At both the sites (site-I and site-II) rhizobial inoculation
showed their growth promoting potential and increased the
plant height significantly (Table 3). Maximum plant height
(25.31% over un-inoculated control) was obtained by
inoculation with the isolate S6 at site-I whereas at site-II the

Moreover, both the isolates (S6 and S17) differed
significantly from all the other isolates as well as from the
un-inoculated control but non-significantly with one
another at both the sites. Furthermore, the isolate LSI21
remained least effective at both the sites but still increased
the plant height up to 14.17% over un-inoculated control.
Table 2: Effect of inoculation with different species of
rhizobia on N, P and K uptake of maize plants
grown in pots
(Average of 3 repeats)
Strain
N uptake
P uptake
K uptake
(mg pot-1)
(mg pot-1)
(mg pot-1)
Control
445.8 e
267.3 d
393.5 d
CRI28
773.3 a
493.6 a
626.4 a
CRI34
640.9 bc
417.8 b
546.5 b
CRI35
633.4 bc
437.7 b
546.0 b
LSI21
579.1 cd
350.3 c
474.0 c
LSI29
534.8 d
331.8 c
471.9 c
LSI32
541.8 d
336.1 c
478.9 c
A18
619.0 bc
367.1 c
536.3 b
S6
638.8 bc
442.2 b
604.0 a
S17
669.1 b
421.3 b
592.1 a
LSD
65.09
43.85
42.61
value
*Means sharing the same letter (s) do not differ significantly at p
< 0.05 according to Duncan’s Multiple Range Test.
CRI28, CRI34, CRI35: Chickpea isolates (Mesorhizobium ciceri);
LSI21, LSI29, LSI32: Lentil Isolates (Rhizobium leguminosarum);
A18, S6, S17: Mung bean isolates (Rhizobium phaseoli)
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Greater biomass of maize crop was obtained under
field conditions in response to rhizobial inoculation
compared to the treatments where no inoculum was applied
(Table 3). At site-I, the isolate CRI28 yielded maximum
fresh biomass up to 64.37% more than un-inoculated
control. Whereas, at site-II, the most efficient isolate was S6
which improved the fresh biomass up to 62.64% over uninoculated control. The isolate A18 was statistically at par
with the isolates S6 and S17 at site-I and with isolate S17 at
site-II when compared with one another. Moreover, non
significant differences were also observed between some
isolates at both the sites when compared with each other.
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site-II these were between 18.61 and 63.37% over uninoculated control. The most promising isolate at site-I was
S17 whereas at site-II, it was isolate S6. The next promising
isolate CRI28 increased the grain yield by 47.79 % over uninoculated control which was followed by two isolates (A18
& S6) at site-I. At site-II, it was the isolate A18 which gave
maximum grain yield of 54.59% over un-inoculated control
after S6 and was followed by the isolate CRI28. The isolate
LSI32 gave the lowest values of grain yield (6.950 and 6.757
t ha-1 at site I and II, respectively) in comparison with uninoculated control.
Three isolates at site-I and seven at site-II had non-

Table 3: Effect of inoculation with different species of rhizobia on plant height, fresh biomass, straw yield and
grain yield of maize in fields
(Average of 3 repeats)
Plant Height
Fresh Biomass
Straw Yield
Grain Yield
(cm)
(t ha-1)
(t ha-1)
(t ha-1)
Strain
Site-I
Site-II
Site-I
Site-II
Site-I
Site-II
Site-I
Site-II
Control
245.0 f
235.0 g
21.64 f
24.57 g
5.74 e
6.60 f
5.993 g
5.697 h
CRI28
278.3 d
273.7 de
35.57 a
33.42 c
7.01 cd
8.65 bc
8.857 b
8.333 c
CRI34
294.7 b
289.0 b
29.29 c
30.49 d
8.34 ab
9.13 ab
7.820 d
7.397 ef
CRI35
288.3 c
283.3 c
28.19 cd
31.33 d
6.38 de
7.07 ef
7.513 e
7.683 de
LSI21
266.3 e
268.3 f
27.59 d
28.74 ef
6.31 de
7.93 cd
7.103 f
7.080 f
LSI29
282.7 cd
277.7 d
27.17 d
30.33 de
7.14 cd
7.10 ef
7.710 de
7.387 ef
LSI32
278.7 d
269.3 ef
25.77 e
28.20 f
6.36 de
7.07 ef
6.950 f
6.757 g
A18
280.0 d
287.3 bc
33.58 b
36.69 b
7.86 bc
7.80 de
8.193 c
8.807 b
S6
307.0 a
294.3 a
33.35 b
39.96 a
8.74 a
8.08 cd
8.193 c
9.307 a
S17
305.0 a
297.3 a
32.82 b
35.69 b
7.29 c
9.53 a
9.343 a
7.903 d
LSD value 5.674
4.747
1.179
1.601
0.786
0.762
0.241
0.309
*Means sharing the same letter (s) do not differ significantly at p < 0.05 according to Duncan’s Multiple Range Test.
CRI28, CRI34, CRI35: Chickpea isolates (Mesorhizobium ciceri); LSI21, LSI29, LSI32: Lentil Isolates (Rhizobium leguminosarum);
A18, S6, S17: Mung bean isolates (Rhizobium phaseoli)

As for as the straw yield of maize is concerned, most of
the isolates produced significantly higher straw yield
compared with un-inoculated control while few were nonsignificant in comparison with un-inoculated control (Table
3). Among the isolates, isolate S6 gave maximum straw
yield (52.26% more than the un-inoculated control) at site-I
whereas at site-II, the isolate S17 behaved as the most
efficient isolate producing 44.39% higher straw yield over
un-inoculated control. Moreover, at site-I three isolates
(CRI35, LSI21 and LSI32) which increased straw yield up to
11.15% over un-inoculated control and three isolates
(CRI35, LSI29 and LSI32) at site-II that increased the
straw yield of maize up to 7.58% over un-inoculated
control failed to show statistical difference in comparison
with one another and with un-inoculated control.

significant effect on 1000 grain weight compared to the uninoculated control (Table 4). Maximum weight of 1000
grains (up to 14.99% increase) at site-I was obtained by
inoculation with isolate CRI35 in comparison with uninoculated control which was statistically similar to the
isolates S17 and LSI32. Rest of the six isolates at site-I
remained statistically at par with each other and they
increased the 1000 grain weight up to 8.36% over uninoculated control. Results of the inoculation at site-II
showed that the isolate CRI28 dominated all the other
isolates by causing maximum improvement of 28.88% in
the 1000 grain weight over un-inoculated control followed
by the isolate S6. At site-II, the remaining seven isolates
yielded statistically similar results compared to uninoculated control.

All the rhizobial isolates differed significantly in their
effects on grain yield of maize compared with uninoculated control at both the sites (Table 3). Increases in
grain yield at site-I ranged from 15.97 to 55.90% whereas at

NPK uptake (kg ha-1) by maize plants in fields
Although all the isolates increased N, P and K uptake
by maize plants significantly in comparison with un-
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inoculated control however; among the isolates, nonsignificant differences were also experienced at both the
sites (Table 4). Improvement in N, P and K uptake was
maximum up to 89.34 (caused by S17), 93.76 (caused by
CRI28) and 81.23% (caused by S6), respectively over uninoculated control at site-I. Other isolates at site-I increased
N, P and K uptake ranging between 24.58 to 90.29% over
un-inoculated control. Whereas, at site-II, it was observed
that the isolates S6, A18 and S17 performed better among the
isolates which increased N (up to 88.26%), P (up
to105.27%) and K uptake (up to 77.40%), respectively, by
maize plants over un-inoculated control. Moreover, the
isolate LSI32 remained least effective in increasing N, P and

Rhizobium leguminosarum varied in their behavior for these
characters as chitinase activity was absent in all the three
isolates (LSI21, LSI29 and LSI32) but for phosphate
solubilization except LSI32, the other two isolates had this
ability. Likewise, except A18 isolate, the other two isolates
of Rhizobium phaseoli i.e. S6 and S17 had chitinase activity
but in case of phosphate solubilization ability, only the
isolate S6 was positive. Moreover, for exopolysaccharide
production ability, all the isolates of the three groups were
found positive while for siderophore production ability,
only the isolates CRI35, LSI21, LSI32 and A18 were positive
and this ability was absent in all the remaining isolates.
Furthermore, all the isolate showed the ability to produce
IAA in the presence and absence of L-tryptophan. The

Table 4: Effect of inoculation with different species of rhizobia on 1000 grain weight, N, P and K uptake by maize
plants in fields
(Average of 3 repeats)
1000 Grain Weight
N uptake
P uptake
K uptake
(g)
(kg ha-1)
(kg ha-1)
(kg ha-1)
Strain
Site-I
Site-II
Site-I
Site-II
Site-I
Site-II
Site-I
Site-II
Control
179.4 d
207.4 c
65.49 e
73.62 e
42.02 e
43.82 e
60.42 f
67.53 d
CRI28
187.1 cd 267.3 a
114.1 ab 129.1 ab
81.42 a
80.45 ab
93.21 cd
110.2 ab
CRI34
194.4 bc 215.7 bc
112.7 ab 122.6 abc
71.06 bc
78.43 bc
96.57 bc
106.9 b
CRI35
206.3 a
212.8 c
99.23 c
112.1 bcd
63.36 cd
70.63 cd
81.91 e
91.18 c
LSI21
187.7 cd 217.9 bc
93.95 cd 105.3 cd
55.43 d
65.13 d
76.76 e
92.92 c
LSI29
189.4 cd 221.9 bc
97.35 c
100.6 d
62.47 cd
62.10 d
85.31 de
86.96 c
LSI32
196.2 ac 213.3 c
84.40 d
94.48 d
58.78 d
61.72 d
75.27 e
84.84 c
A18
191.8 bc 233.8 bc
103.8 bc 129.6 ab
79.96 ab
89.95 a
102.1 abc
108.3 b
S6
190.8 bc 248.5 ab
113.7 ab 138.6 a
75.19 ab
84.44 ab
109.5 a
114.7 ab
S17
201.3 ab 230.2 bc
124.0 a
125.7 ab
78.73 ab
80.96 ab
105.4 ab
119.8 a
LSD value
9.981
30.80
11.45
16.78
8.553
9.160
9.364
9.774
*Means sharing the same letter (s) do not differ significantly at p < 0.05 according to Duncan’s Multiple Range Test.
CRI28, CRI34, CRI35: Chickpea isolates (Mesorhizobium ciceri); LSI21, LSI29, LSI32: Lentil Isolates (Rhizobium leguminosarum); A18,
S6, S17: Mung bean isolates (Rhizobium phaseoli)

K uptake at both the sites (except for P uptake at site-I).

Characterization of selected Isolates
Data regarding characterization of the maize isolates
revealed that all the isolates colonized the maize roots but
with different degree of efficacy (Table 5). The isolates
belonging to Rhizobium phaseoli i.e. A18, S6 and S17
showed higher root colonization (up to 6.77 x 10 5 cfu g-1)
followed by the isolates of Mesorhizobium ciceri i.e. CRI28,
CRI34 and CRI35 which exhibited up to 5.44 x 105 cfu g-1.
Rest of the isolate of the Rhizobium leguminosarum i.e.
LSI21, LSI29 and LSI32 remained poorer as a group than the
isolates of above two groups as they caused root
colonization up to 2.06 x 105 cfu g-1. For chitinase and
phosphate solubilization activities, the isolates of
Mesorhizobium ciceri were positive whereas the isolates of

isolates CRI28 of Mesorhizobium ciceri stood first by
showing its higher auxin production in the presence and
absence of L-tryptophan compared to rest of the isolates.
Overall, the data revealed that the isolates, very likely, had
more than one mechanism of action for the modification in
growth and yield of maize plants.

Discussion
In the present study, large number of rhizobia were
isolated from the nodules of three legumes (chickpea, lentil
and mung been) and a total of sixty fast growing colonies of
rhizobia, twenty from each host plant, were selected. A
series of jar experiments were carried out to screen three
most efficient isolates from twenty of each rhizobium
species (i.e. Rhizobium phaseoli, Mesorhizobium ciceri and
Rhizobium leguminosarum) on the basis of their growth

Mehboob, Zahir, Arshad, Tanveer and Khalid

promoting potential with maize seedlings in growth room
under axenic conditions (Mehboob et al., 2008). The
selected nine promising isolates of rhizobia were further
evaluated for their growth promoting activities in pots and
fields, and were characterized for various characters.
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more promising results compared to the results of the
isolates of Rhizobium leguminosarum. The variation in
results of different species could be due to their specificity
or due to difference in their compatibility potential towards
a common host (which is evident from the root colonization

Table 5: Characterization of the selected isolates of rhizobia for maize crop
Root
Chitinase
Phosphate
Siderophore Exopolysaccharide
IAA Production (mg L-1)
Strain Colonization Activity Solubilization Production
Production
(Without L(With L(cfu g-1)
Tryptophan) Tryptophan)
CRI28 4.57 x 105
+ ve
+ ve
+ ve
4.67
37.82
CRI34 3.69 x 105
+ ve
+ ve
+ ve
0.80
28.36
CRI35 5.44 x 105
+ ve
+ ve
+ ve
+ ve
0.72
30.87
LSI21 1.05 x 105
+ ve
+ ve
+ ve
0.91
22.37
LSI29 2.05 x 105
+ ve
+ ve
0.96
13.78
LSI32 2.06 x 105
+ ve
+ ve
0.96
25.31
A18
6.19 x 105
+ ve
+ ve
2.3
28.37
S6
6.77 x 105
+ ve
+ ve
+ ve
2.1
28.60
S17
6.04 x 105
+ ve
+ ve
3.57
27.69
CRI28, CRI34, CRI35: Chickpea isolates (Mesorhizobium ciceri); LSI21, LSI29, LSI32: Lentil Isolates (Rhizobium leguminosarum);
A18, S6, S17: Mung bean isolates (Rhizobium phaseoli)

Results indicated that the selected isolates of rhizobia
had increasing effect on growth and yield of maize
however; in some parameters the increases caused by few
isolates were statistically at par with un-inoculated control.
In general, inoculation improved growth and yield
parameters of maize crop in pots and fields. This may imply
that the ability of rhizobia to produce different metabolites
like phytohormone, organic acids, siderophores, and
exopolysaccharides in the rhizosphere could be responsible
for evoking the growth stimulating response in the
inoculated maize plants. However, other mechanisms of
action through which rhizobia influence plant growth
cannot be ruled out. It is highly likely that the observed
effects of rhizobia on plant growth could be the result of
more than one mechanism of action other than N 2 fixation;
the inoculated isolates possessed which is evident from our
characterization data. Similar results have been reported by
some workers while studying rizobial activities with nonlegumes (Sheikh et al., 2006; Chandra et al., 2007;
Mehboob et al., 2008).
The results of the present study also revealed that the
effectiveness of the isolates varied among the species
against a common host e.g. the isolates of Rhizobium ciceri
increased grain yield in pots and fields up to 47.89%,
whereas, the isolates of Rhizobium phaseoli improved up to
63.37% and Rhizobium leguminosarum isolates caused
increment up to 29.66%, respectively in grain yield over
respective un-inoculated control. Overall, the isolates of
Rhizobium phaseoli and Mesorhizobium ciceri exhibited

data clearly reflecting the superiority of the isolates of
Rhizobium phaseoli and Mesorhizobium ciceri over the
isolates of Rhizobium leguminosarum (Table 5). Our results
are supported by the findings of Piesterse et al. (2001) and
Hafeez et al. (2004) who have also reported differential
behavior of different plant growth promoting rhizobial
strains against a common host.
Moreover, the data of pot and field trials indicated that
the impact of rhizobial isolates also varied among the
isolates within a specie (e.g. the isolates of Rhizobium
ciceri i.e. CRI28,, CRI34 and CRI35 increased grain yield up
to 47.89, 30.49 and 34.86% while Rhizobium phaseoli
isolates i.e. A18, S6 and S17 increased up to 54.59, 63.37 and
55.90% and Rhizobium leguminosarum isolates i.e. LSI21,
LSI29 and LSI32 increased grain yield up to 24.28, 29.66 and
18.61%, respectively over un-inoculated control) which
might be due to difference in their natural potential.
Similarly, the difference in efficiency of different strains
against a common host was also seen by Yanni et al. (1997)
who used two rhizobial strains i.e. E11 and E12 and
reported an increase in grain and straw yield by 45.7 and
14.8% with E11 and 42.0 and 10.3%, respectively by E12
when inoculated with rice. Furthermore, they also recorded
different increases in N content in rice grain by E11 (53%)
and E12 (34.3%).
The results of our field trials also showed that the
effect of the selected rhizobial isolates on growth and
yield of maize varied from site to site. The isolates of
Rhizobium ciceri increased grain yield at site-I and II up
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to 47.79 and 46.27% while Rhizobium phaseoli isolates
increased up to 55.90 and 63.37% and Rhizobium
leguminosarum isolates increased up to 28.65 and 29.66%,
respectively over un-inoculated control. This variability
in the effect of rhizobial inoculants could be explained
on the basis of changing soil-plant and micro floral
components at any given experimental site. Thus
different biotic and abiotic factors e.g., soil pH, EC,
organic matter, mineral composition, fertility status and
population density as well as diversity of the indigenous
microbes can modify the response of the inoculants.
Similar to our findings, Lynch, (1990) reported that
sometimes the effect of a particular bacterium may vary
as a consequence of soil conditions. Likewise, Khalid
(2006) while observing the effect of PGPR on the growth
and yield of wheat and rice at two different sites revealed
that the effect of PGPR strains on growth and yield of
wheat and rice varied from site to site.
In the present scenario of severe need of food
because of rapid population growth and agricultural
limitations for meeting the world food demand, it is
difficult to compromise on real potential of crop
productivity; thus all the efforts should be focused on
maximizing the crop production along with the judicious
exploitation of all the available resources wisely,
efficiently and in an integrated manner, which is also a
need of the day for achieving sustainability in
agriculture. Use of bio-fertilizers is an emerging cost
effective and environment friendly technology which
reduce the dependence on the synthetic resources as well
as their cost. But major challenges in the use of bioinoculants are natural variations in environment, soil,
crop and indigenous micro flora of a specific area
because of which the recognized inoculants could not
show the desired results. This situation demands the
selection of the PGPR for specific crop variety under
specific soil and environmental condition. Likewise, the
results of this study also imply that use of general PGPR
strains of rhizobium spp. could be avoided to a
significant extent without knowing the particular
information about the compatibility potential of the
strains toward specific crop variety, soil and
environmental conditions for which it could be used. In
other words, it could be inferred that rhizobium spp.
recognized for the growth and yield promotion of nonlegumes could be used efficiently and effectively only
against specific host under specific set of soil and
environmental conditions for maximum benefits. Hence,
it could be concluded that rhizobium species had the
potential to promote growth and yield of maize but the
PGPR technology should be employed after appropriate
site specific investigations of particular rhizobial specie

with respect to specific non-leguminous crop variety to
get maximum benefit in term of better growth and yield.
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