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Abstract: Nodule like outgrowths were introduced under laboratory condition using plant growth regulators 2, 4-D, IBA
and NAA in nitrogen free Hoagland solution in wheat variety C-306. These were then inoculated with bacterial cultures of
Azorhizobium caulinodans (ORS 571) and Nostoc. After induction of nodules and bacterial inoculation seedlings were
transferred to pots (50 x 50 x 50 cm) under natural conditions. The nodule induction with 2, 4-D (0.5 ppm) was better than
| B A (8 ppm) and NAA (8 ppm). The nitrogenase activity was relatively more in 2, 4-D + Azorhizobium in nitrogen free
Hoagland solution than any other treatments. The colonization of nodule by Azorhizobium caulinodans was more than
Nostoc. After transplanting to pots the IBA treated plants showed higher chlorophyll content, photosynthetic rate and
stomatal conductance. Treatment with IBA + Azorhizobium showed more growth than treated with 2,4-D and NAA.
However the protein content was more in 2,4-D treated with Azorhizobium. The enhanced NPK content in grain and straw

due to inoculation confirms the nitrogen fixation and its remobilizations to different plant parts.
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INTRODUCTION

heat is the principal food crop of Indian

community. We have very large area use to
grow wheat, but due to low fertility of soil we are
unable to produce huge amount of wheat in
comparison to area and cost. In India per annum a
large amount of money is consumed in fertilizers
which cause harm to soil fertility, also harmful for
human health and our atmosphere and hire cost of
wheat growing. Scientists are now a day very
conscious about soil fertility and fewer yields.
Atmosphere is also got very polluted due to
Nitrogenous fertilizers, on global basis out of 180
million tones of Nitrogen added annually on the
earth’s surface, the industrial fertilizers nitrogen
accounts for only 1/3 while 2/3® comes from
biological reduction of atmospheric nitrogen. The
role of the diazotrophic reduction in sustainability of
soil fertility is therefore, more important. The
dinitrogen reduction so far is confined to prokaryotic
cellular forms in nature. Among these prokaryotes,
the photosynthetic diazotrophs — cyanobacteria, more
commonly known as blue green algae, are free living
as well as symbionts. Their contribution in total
nitrogen fixation by biological means probably
comes next to the legume — Rhizobium Symbiosis.
Treatment with auxins showed to increase the
colonization of roots by soil bacteria e.g. -
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Azorhizobium and Azospirillum (Tchan et.al.1991,
Kennedy and Tchan 1992) a change in morphology
of roots to form paranodules following the addition
of auxin analogues was reported. (Sriskandarajah
et.al.1993) certain plant hormones like 2,4-D IBA
and NAA have been reported to induce nodule like
structures (para-nodules) in cereals (Ridge et.al.
1992,Christianson weninger and Vander Leyden
1994, Elanchezian and Panwar 1997,1999) Enhancing
nitrogen fixing capacity in different cereals e.g. —
wheat, rice and maize. The present study examined
the growth and yielding behavior of nodule induced
and bacterial inoculated (Nitrogen fixing bacteria)
wheat plants.

MATERIAL AND METHODS

Wheat Variety C-306 was used in the present study.
Wheat seeds were surface sterilized with the help of
(0.5% HgCl,) for 3 minutes and then rinsed with
fresh running water. These seeds were sown in sand
gravel. After 7-8 days the seedlings were transferred
to test tubes filled with nitrogen free Hoagland
solution and also synthetic auxins 2,4-D(0.5 ppm)
IBA (8 ppm) and NAA (8 ppm) in different sets. At
the same time broth culture of Azorhizobium
caulinodans and Nostoc were added in different
combinations with different auxin treatments. The
nodulation and nitrogenase activity were determined
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using gas chromatograph (nucon series 5500) by the
method described by (Hardy et. al. 1968). The plants
were transferred to pots to study the yield responses.
Yield data such as plant height, number of panicles,
grain number, grain weight, seed size, grain and
straw yield. In preharvest observations leaf area was
measured by leaf area meter (LICOR 3000 model
USA) and was expressed as cm?/plant. Photosyn-
thetic rate, stomatal conductance and resistance were
measured by IRGA (Infra Red Gas Analyzer) LICOR
6250. The chlorophyll content in leaf was determined
at different stages using the method described by
Hiscox and Israelstan (1979). The post harvest
observations such as grain number were counted in
randomly selected plants (panicle). Grain and straw
yield was measured by taking the weight of three
representative plants from each treatment in three
replicates was taken and the mean was expressed as
gm/plant. Nitrogen content was estimated using auto
analyzer (Technicon USA), Potassium (Flame
photometer model CL 22 D) and phosphorous was
estimated by spectronic-20. Data was statistically
analyzed.

RESULT AND DISCUSSIONS

The Experiment conducted under laboratory
condition revealed that the nodule induction was
maximum with 2,4-D (0.5 ppm) followed by IBA
and NAA (8 ppm each). The inoculation with
Azorhizobium caulinodans with three different
auxins used for the experiment revealed that
nodulation was highest at 2,4-D followed by IBA and
NAA. It was minimum in the Nostoc treated plants
and poorest nodulation was found in NAA with
Nostoc. The nitrogenase activity measured through
acetylene reduction assay revealed that Azorhizo-
bium inoculated in presence of 2,4-D has shown the
highest activity followed by IBA and NAA
treatments. 2,4-D along with Nostoc treatment
showed higher activities followed by IBA + Nostoc

REENA TOMER, S.P. SINGH & J.D.S. PANWAR

and NAA along with Nostoc respectively. The same
trend was noticed at 60 - days after sowing and 3 — 4
times activity was noticed as compared to activity
noticed at 30 DAS. Almost similar results were
obtained at 60 DAS stage relative to the 30 DAS
stage. The extent of nitrogenase activity was more
with induced nodulation using auxins as compared to
the bacterial culture alone. Our results are in
confirmatory to the earlier result obtained (Tchan and
Kennedy 1991, Panwar 1993 in wheat and rice) and
(Saikia et.al.1997 in rice).

The total chlorophyll contents at 60 DAS revealed
that it was more with Nostoc followed by
Azorhizobium which was better than control,
however the plants inoculated with Nostoc or
Azorhizobium have more chlorophyll content than the
plants grown with 2,4-D IBA and NAA alone.
However the plants treated with IBA + Nostoc and
IBA + Azorhizobium had higher total chlorophyll
content followed by 2,4-D < Nostoc < Azorhizobium
and the lowest chlorophyll content was noted in
NAA treated either with Nostoc or Azorhizobium.
The results obtained has been supported by the
earlier work done by division of Microbiology
ILAR.I. (Annual Report 2008) where the wheat
seedlings treated with Nostoc (sp. Ks) had higher
nitrogenase activity, enhanced higher biomass used
as an index of nitrogen fixation.

The photosynthetic rates measured at 30 days after
transplantation in the pots revealed that it was higher
in Azorhizobium treated plants followed by Nostoc
and significantly higher in untreated control plants.
The plants treated with 2,4-D along with
Azorhizobium or Nostoc had shown the higher
photosynthetic rates with better stomatal conductance
and least stomatal resistance, whereas the plants
treated with IBA or NAA either alone or with
Azorhizobium or Nostoc had poor photosynthetic rate
consequent upon the relatively low stomatal
conductance and higher stomatal resistance.
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Table 1. Showing the effect of plant growth regulators and Azorhizobium and Nostoc on nodulation, leaf area

and photosynthetic rate in Paranodulated wheat.

Nitrogenase Photosynth Biologic
Nodule Activity Leaf Area (30 | etic Rate Stomatal Stomatal | al Yield
Treatments No. — (n mole/sample/hr) DAS) (30 DAS) | Conductance | Resistance at

(30 DAS) (30DAS) | (60 DAS) (cm?/plant) (p_gn(_)lle (cms? (Scm?) harvest

m*s™) gm/plant
Control - 0.000 0.000 30.31 11.383 0.234 0.197 10.24
Azorhizobium - 0.290 1.400 42.34 21.787 0.413 0.127 12.38
Nostoc - 0.320 1.600 44.25 17.357 0.368 0.117 13.27
2,4-D 105 0.000 0.000 35.42 23.290 0.355 0.116 12.21
2,4-D + Azor. 7.5 1.010 4.840 46.55 31.930 0.623 0.063 13.56
2,4-D + Nost. 6.7 0.840 3.870 48.12 26.540 0.454 0.087 13.12
IBA 5.8 0.000 0.000 40.15 13.480 0.230 0.210 14.29
IBA+Azor. 6.0 0.730 3.770 48.25 17.040 0.291 0.116 15.42
IBA + Nostoc 5.2 0.640 3.570 52.45 15.900 0.337 0.172 14.82
NAA 2.9 0.000 0.000 30.50 14.940 0.395 0.189 12.08
NAA + Azor. 4.0 0.530 3.280 44.05 18.730 0.355 0.116 13.11
NAA + Nost. 2.8 0.480 3.620 45.25 16.220 0.359 0.091 12.78
CD at 5% 0.720 0.027 0.159 2.31 1.238 0.134 0.055 0.912

Our results are in confirmatory with the earlier
reports (Tchan and Kennedy 1991, Panwar 1993 in
wheat and rice) and (Saikia et.al.1997 in rice). It is
evident from Table 2 that IBA treated plants either
alone or with Azorhizobium and Nostoc have higher
seed and straw yield (biological yield) followed by
2,4-D treated plants and NAA treated plants,
however, it was better than untreated plants (control).

IBA inoculated with Azorhizobium had produced
maximum grain yield followed by IBA with Nostoc
or alone. The NPK content in seed and straw was

relatively more with 2,4-D treated Azorhizobium
inoculated plants followed by 2,4-D inoculated with
Nostoc followed by IBA and NAA treated plants
either alone or with different bio fertilizers used in
this study. These results are in confirmatory with the
earlier report by (Elanchezian and Panwar) and
(Naidu in rice) through non significant differences
were found in potash content in seed and straw. The
protein content was maximum in Azorhizobium
treated plants followed by Nostoc, either alone or
with auxins.

Table 2. Showing the effect of plant growth regulators and biofertilizer on grain and straw yield and NPK

content.
Grain Yield Straw Yield ; NEK content (06)
Treatments (gm/plant) (gm/plant) Grain Straw

N p K N P K
Control 4.22 6.02 1.954 0.411 0.490 0.700 0.060 1.075
Azorhizobium 5.26 7.12 2.413 0.434 0.514 0.830 0.068 1.132
Nostoc 5.58 7.69 2.070 0.422 0.495 0.817 0.062 1.098
2,4-D 5.37 6.84 2.120 0.418 0.500 0.819 0.064 1.078
2,4-D + Azor. 5.98 7.58 2.536 0.456 0.515 1.056 0.066 1.100
2,4-D + Nost. 5.76 7.36 2.265 0.425 0.514 0.713 0.060 1.093
IBA 6.06 8.23 2.163 0.419 0.516 0.725 0.059 1.116
IBA+AZzor. 6.57 8.85 2.172 0.434 0.520 0.810 0.061 1.112
IBA + Nostoc 6.16 8.66 2.137 0.428 0.521 0.752 0.062 1.118
NAA 5.01 7.07 2.097 0.419 0.504 0.798 0.062 1.075
NAA + Azor. 5.45 7.66 2.207 0.428 0.512 0.811 0.062 1.095
NAA + Nost. 5.31 7.47 2.217 0.423 0.509 0.768 0.063 1.107
CD at 5% 0.502 0.652 0.305 NS NS 0.106 NS NS
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