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Abstract : Two varieties of urd bean (PU-35, T-9) inoculated with Rhizobium and vesicular arbuscular mycorrhiza fungi
(applied through layering technique) were raised under field conditions. The synergistic effect was noticed with the
combined treatment over any of the bacteria or AM fungi, in terms of chlorophyll content, photosynthetic rate and root
phosphatase activity. The interaction enhanced the dry matter production, grain yield and quality also. The carbohydrate, fat
and protein content also increased in the Rhizobium inoculated seeds; however, it was higher when Rhizobium and
mycorrhiza fungi were combined together. Rhizobium inoculation enhanced the nitrogen content in grain and straw where as
Rhizobium + AM treated plants had enhanced phosphatase activity and nitrogen content.
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INTRODUCTION

Legumes have unique quality in term of
nodulation and biological nitrogen fixation for
sustainable crop productivity with improved soil
health and soil fertility. It is widely recognized that
biological nitrogen fixation by legume-Rhizobium
synthesis is an important component of productivity
in tropical agriculture where it is grown in farm land
that are marginal either in terms of distance from the
market or small farm size and poverty of the farmers
(Giller, 2001). The symbiotic association between
leguminous plants and species of Rhizobium has been
well known (Shiv Kumar and Shiva Dhar, 2008)
through the process of biological nitrogen fixation.
Now-a-days mycorrhizal roots are known to extract
more nutrients from the nutrient deficient soils than
are non-mycorrhizal roots because hyphae exploit
greater volume of soil than root alone. The use of
AM fungi increases the uptake of P as well as
micronutrients particularly Zn, Cu and Mn (Pandey
et al., 2006, Panwar and Thakur 1995) and had been
reported to enhance water extraction from the deeper
zone of the soil (Marschner et al., 2006, Panwar,
1993).

The combined inoculation of Rhizobium and AM
fungi may be beneficial for plant growth and
development. How does it affect the physiological
processes and seed quality was the main objective of
this study and hence was undertaken under rain fed
field condition.

MATERIAL AND METHOD

The seeds of two varieties of urd bean (PU-35 and T-
9) were obtained from the National Seed
Corporation, Delhi and the Rhizobium culture and
Arbuscular Mycorrhiza fungi (Glomus sps) were
obtained from the Division of Microbiology, Indian
Agricultural Research Institute, New Delhi. Before

sowing, the seeds of both the varieties were
inoculated with Rhizobium culture using jaggary
solution and dried under shade except control and
AM treated (alone) plants. The AM fungus was
applied through layering technique. All the package
and practices were followed for successful rising of
the crop under field conditions. The data was
collected on three representative plants and for grain
quality tests; the harvested seeds from different
treatments in all the three replications were collected.
The chlorophyll content in leaves was measured
using the DMSO (Dimethyl Sulphoxide) as per
procedure followed by Hiscox and Israelstam (1979)
and Photosynthetic rate was measured by LI-6200
portable photosynthesis system containing LI-6250
analyzer. The activities of root acid phosphatase
enzyme were measured following the modified
procedure as described by Tabatabai (1994) (Amaya-
Carpio, et al., 2009) based on the hydrolysis of p-
nitro phenyl phosphate substrate to yield p-nitro
phenol and inorganic phosphate. The protein content
in seed was estimated following the procedure as
adapted by Jackson (1958). Fat was estimated
through cold percolation method (Kartha and Sethi,
1957) and carbohydrate content for reducing sugar
was followed by Hodge and Hofreiter (1962) and
non-reducing sugar through Nelson method (1944).
The statistical analysis was done by adopting the
Analysis of Variance as described by Panse and
Sukhatme (1967).

RESULT AND DISCUSSION

The two varieties of urd bean grown under rain fed
condition following the Rhizobium, AM either alone
or combined inoculation enhanced the leaf area per
plant. The leaf area at 60 Days stage was more in T-9
as compared to PU-35. The Rhizobium and AM
treated plants attained more leaf area, however, it
was significantly higher with combined inoculation
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in both the varieties (Table 1). T-9 has higher leaf
chlorophyll content as compared to PU-35 but
Rhizobium inoculation either alone or with AM had
significantly higher chlorophyll content than AM
alone or untreated control. The plants supplied with
AM fungi had higher chlorophyll content than
control in both the varieties.

The net photosynthetic rate as measured by Infrared
Gas Analyzer (IRGA), it was found that variety PU-
35 had attained higher photosynthetic rate at 60 DAS
as compared to T-9. The Rhizobium treated plants
either alone or with AM maintained higher
photosynthetic rate than AM treated plants and
untreated control. However, the AM treated plants
maintained significantly higher photosynthetic rate
than control plants. The total biomass production was
higher in variety T-9, than PU-35. The combined
inoculation of Rhizobium and AM has significantly
higher biomass over Rhizobium/AM treated plants as
single inoculation, there was not much significant
difference were not observed between Rhizobium and
AM treated plants but were significantly higher over
untreated control in both the varieties. The grain
yield was significantly higher in variety T-9 as
compared to PU-35. Though, Rhizobium and AM
treated plants attained higher grain yield over
untreated control but the synergistic effect on yield
was noticed with combined inoculation. The harvest
index was significantly higher in Rhizobium and AM
treated plants either alone or in combination that was
significantly higher over uninoculated controls in
both the varieties. Our results are in conformity with
the earlier reports for enhancing photosynthetic rate
(Sinha et al., 1988, Cooper, 1984, Thakur, 1994 in
mung bean),the combined inoculation of Rhizobium
and AM inoculation in pigeon pea in presence of
Rock phosphate (Jain et al., 2008), Panwar and
Thakur , 1995 in mungbean, Hodge, 2000, Srivastava
et al., 1998, in pea. Under rainfed conditions the
hyphae of AM fungi extract more moisture and
different nutrients like P, Zn, Fe and Cu ( Thakur and
Panwar, 1997 ) helped in maintaining the water
status of the plant as well the Rhizobium fix nitrogen
and made it available to the plant during later stages
of growth and grain development has helped in terms
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of enhanced leaf area, photosynthetic rate,
chlorophyll content for better growth and
development. The enhanced root phosphatase

activity has also helped in mitigating the energy
requirement of the plant. The combined inoculation
of AM and Rhizobium has not only helped the
yielding potential of the plants, but also enhanced the
quality of the grains.

It can be seen from Table-2 that the AM fungi either
alone or with Rhizobium enhanced the phosphorus
uptake measured in terms of root phosphatase
activities in both the varieties and has significantly
higher values than Rhizobium alone or untreated
control. Radersma and Grierson, 2004, and
Marschner et al., 2006, had shown that the AM
treated plants revealed the increase in the root
phosphatase activity under P deficient soil in wheat,
rye and triticale and a significant positive correlation
between root phosphatase activity and root, shoot
and total dry matter production (Pandey, 2006).

The grain analysis revealed that the N and protein
content (%) was more in T-9 as compared to PU-35
and combined inoculation of Rhizobium and AM had
significantly higher N and protein content than
uninoculated control. There was marginal increase in
the fat and carbohydrate content but it was superior
in the dual inoculation as compared to either of the
inoculants which was significantly higher over
uninoculated control. Our results are in accordance to
the earlier reports, Jain et al., 2007 and 2008 in mung
bean, Jain et al., (2008) in pigeon pea. It may be
concluded that the Rhizobium and AM has shown
higher leaf area, chlorophyll content, net
photosynthesis resulting higher biomass in both the
varieties, but the combined (dual) inoculation was
superior to either of the inoculated plants in both the
varieties. The combined inoculation not only
enhanced the physiological processes and root
phosphatase activity but improves the grain yield and
quality also in urdbean. The application of
Rhizobium along with AM fungi will enable the
farmers to have better yield advantage with
economical and ecofriendly cropping system under
rainfed conditions.

Table 1: Effect of Rhizobium and AM inoculation on leaf area, chlorophyll content,net photosynthetic rate and

yield in two different varieties of urd bean

Variety | Treatment | Leaf Chlorophyll Net Yield per | Harvest
Area per | Content(mg/g | Photosynthetic Plant (g) at | Index (%)
Plant m fresh | Rate harvest
(cm?) weight) (.moles/m*  s)
60DAS 60 DAS 60DAS
PU-35 | Controlled | 374.71 1111 7.00 241 27.10
Rhizobium | 539.12 1.199 8.32 3.26 31.46
AM 635.63 1.166 7.24 3.55 32.06
Rhiz.+AM | 840.61 1.489 12.14 4.24 32.02
T-9 Controlled | 459.39 1.361 491 2.65 29.23
Rhizobium | 655.75 1.557 6.94 3.72 31.80
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AM 88532 | 1.495 4.45 3.90 31.77
Rhiz+AM | 946.61 | 1.643 9.11 4.81 32.35
CD at 5%
Variety | 21.31 0.0600 0.2784 0.080 0.2510
Treatment | 30.13 0.0848 0.3936 0.112 0.2880
VXT 42.62 N.S. 0.557 0.159 0.3780

Table 2: Effect of Rhizobium and AM inoculation on root phosphatase activity and protein, fat and arbohydrate
content in the seeds of two different varieties of urd bean.

Variety Treatment | Root Grain Protein Carbohydrate Fat
Phosphatase Nitrogen content(%) | content(%b) content
activity content (%)
(m.mole.kg™ per
FM) plant(%)

PU-35 Controlled | 2.600 2.74 16.77 52.11 1.53

Rhizobium | 2.503 2.94 18.19 53.06 1.66
AM 3.377 2.88 18.62 52.97 1.69
Rhiz+AM | 3.853 3.08 19.85 54.73 1.77
T-9 Controlled | 2.800 2.83 17.68 52.33 1.53
Rhizobium | 2.677 2.96 18.47 53.68 1.59
AM 3.640 3.07 19.18 54.34 1.61
Rhiz+AM | 3.813 3.27 20.31 55.16 1.660
CD. at
5% Variety 0.0185 0.0826 0.5164 0.4294 0.0116
Treatment | 0.0261 0.1165 0.7538 0.6073 0.0165
VXT 0.0370 0.1650 N.S. N.S. 0.0230
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