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INTRODUCTION

In recent years after energy crisis, attention of
agricultural scientists has been diverted towards substitutes
for inorganic fertilizers. A number of inoculants are Xnown
to improve the overall yields of crops, and for legume
particularly Rhizobium inoculation is considered a must.
Popularization of the bvacterial inoculants has led to problems
connected with mass production of the concerned inoculum. Peat
is a costly product, and the use of lignite as a base also
brings in the question of transport of material from long
distances. Comparison of some local organic matter sources
for their efficiency as base material appears 1o be reasonably
important. A4 number of organic matter sources are easily
available which include famyard manure, cowdung cake (Kanda)
and leafmould for the purpose of mass production of culture
packets. In the present investigation, studies were directed
to study build up of number of bacteria under various times
of storage. The ability of the rhizobia to survive out side
the host is of considerable importance in the context of the
maintenance of population on the surface of inoculated seeds
and successful establishment in soil (Vincent, 1958; Thompson,
1960; Burton, 1967; Date, 1968; Xair, 1970; Chakrapani apﬁ-
Tilak, 1974 and Dube et al.,1975).
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Efficiency of bacterial inoculation under field
conditions has also been tested using some of these
inoculants with cowpea and mung under pelleted and un-
pelletized conditions to fully exploit the benefits from
inoculations. It is known that considerable improvement is
brought about by pelleting. Radeliffe et al. (1967), Date
(1968), Iswaran (1969), Goel (1973), Kanzaria (1974) and
craham gt al. (1974) and others have also reported bene-
ficial role of pelleting materials in increasing efficiency
of inoculants. The strains tested were those of Rhizobium

(mung), Rhizobium (eowpea) and 3acillus megateriur var,

phosphaticun. These evaluations have led 0 some fruitful

revealations to provide a realistic basis for carrying out

bacterial fertilization.

Sfficiency of Azotobacter chroococcur and Bacillus

megateriun var. phosphaticua in improving crop yields was

also examined in a field study in a bid to evaluate levels
of improvement of the yields under field conditions using
wheat as a test crop., It has been possible to usefully

enploy the combinations of Azotobacter chroogcoccum and

3acillus megaterium var. phosphaticum in a field trial using

three levels of nitrogen and three levels of phosphorus.
These results have thrown light on the role of bacterial
inoculants in improving grop yields. Recently bacterial

inoculants like Azotobacter chroogoccum in canbination with

Sacillus megaterium var, phosphaticum have provided a useful




improvements in yields in operational research area Chittorgarh
(about fifty acres trial). Some useful results have also been
reported from Bhilwara. The present investigations were planned
with the intention of studying the performance of Bacillus

megateriun var. phosphaticum and Azotobacter chroococcum in

combination under different fertility gradients. It was intended
to provide the best combination of fertilizers leval and

inoculants,

It is hoped that these findings will provide proper
understanding on the use of hacterial inoculants in Udaipur

division.

o e 3
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(a) Effect of different inoculum carriers
on total bacterial counts,

(b) Effect of various inocculum  carriers
and pelleting materials on the yield,
nitrogen and phosphorus uptake by mung
and cowpea.



MATERIAL AND METHODS

In the present studies for evaluation of efficiency of
pacterial inoculants Rhizobium spp. (mung and cowpea) and

Bacillug megaterium var. phosphaticum were used in two field

experiments.

Experiment No,.1

Effect of different inoculum carriers on survival of

Rhizobium spp. (mung and cowpea) and Bacillus megaterium var.

vhosphaticum.

Description of carrier sources:

1. Farmyard manure was collected from live stock farm,
department of Animal Husbandry and Animal Sciences,
Rajasthan College of Agriculture, Udaipur.

2. Ordinary coal was collected from a local depot,
crushed and used.

3, Cow dung cake (Kanda) was obtained from local
markat.

4. Leaf mould was collected from 3zjjan Fiwas Garden,
Jdaipur.
All the above mentioned carrisrs were processed 1o
pass through 30/ mesh. Prior %o theip use ths carriers were

sterilized for 3 days at 15 1b psi for onc hour daily,



Cultures:

Rhizobium strains (for mung as well as for cowpea)
were obtained from culture collection, division of ‘Ticrobiology

I.4.R.I,, New Delhi-12.

Bacillus megaterium var. phosphaticum strain was

obtained fron U.S5.3.R., (all Union Collection of Micro-organisms,
Institute of :Aierobiology, U.3.5.R. Academy Sciences, Moscow,

B-133, U.3.3.R.).

The yeast extract Mannitol asar (YBMA) maodiam (Fred st at.,
1932) was used for maintaining Raizobium spp. (munz and cowpea)

having the following composition:

Mannitol 10.0 g

Dipotassium hydrogen phosphate 0.5 g

Sodium chloride 0.1 2

Calcium carbonate 4.0 g

Yeast extract - 0.4 g

Agar 15.0 g

Distilled water 1000.0 ml
pH adjusted 7.0

Sacillug megaterium was mainitzined on Pilkovaskaia

medium (Pikovaskaia, 1248) having ths following composition:

Flucosze 10.0

g

Calcium phosphavs 5.0 g
Apmonium sulphate 0.5 g
Sodium chloride 2.2 g
g

Magnesium sulvohate 0.1



Potassium chloride D.2 g

Yeast extract 0.5 g
Manganese sulphate Traces
Ferrous sulphate Traces
Agar 15.0
Distilled water 1000,0 ml
pE  adjusted 7.0

In further text Rhizobium spp. for mung has been
denoted as Rhizobium (mung), Rhizobiwn spp. for cownea as

Rhizobium (cowpea) while 3acillus mecaterium var. phosSphaticum

as 3.aeggaterium.

Details of treatments:

Jach of the four inoculum carriers was inoculated
separately with Rhizebium (mung), Rhizobium (cowpea) anad
3.mcgateriun and the mixtures were incubated at 28°C for

1,2,3 and 4 weeks.

Total treatments - 16
Replications - 3
Inoculation:

In 250 g of each carrier materizl, 50 ml of sterils
water and 50 ml of heavy susvensions of hacterial culture having
following population were added:

Rhigobiun (mung) 17107 per ml

Rhizobium(cowpea) 11109 per ml
B.zegaterium 9x10° per ml
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These were throughly mixed and the carriers SO inoculatsd were
incubated at + 28°C in plastic containers (which were sterilized
using chl2 0.1 per cent followed by saveral rinsings with
sterile water before use) for four weeks., Periodical counts were
made by pour plate method.using the serial dilution technidque,
For Rhizobium (mung) and Rhizobium (cowpea), congored 2@ 10 ml of
17400 sterilized alueous solution per one litre (YRMA) medium

were added asceptically before usea.

Experiment No.2:

Effect of various inoculum carriers and materials on
yield, nitrogen and phosphorus uptake by mung and cowpea

fodder crop under field conditions.

To determine the effect of different inoculum carriers
and pelleting materials on efficiency and survival of bacterial
inoculants; viz., Rhizobium (mung}, nizobium (cowpea) and

3.megaterium in improving the yields, and uptake of nitrozen ard

phosphorus, mung (Phaseolus aurcus) and cowpea (Vigna sinensis)

were taken as test crops. Udaipur is situated at Tatitude

of 24.3%°North and Longitude of 73.4°Zast at =n +1ltitude of

583 metres above mean sea level, Jlimate of this area 1is
tropical which is characterized by winters which are not severe
and summers of average intensity. Relative humidity is compara-
tively higher during the wonth of July to September. Details

of the experiment carried out are as follows:



Sitge:
This experiment was carried out at Agronomy Farm,
Rajasthan College of aAgriculture, Udaipur. Soil characteristics

of experimental plot are given in Table 1.

Table 1. Chemical, physical and microbiological analysis of soil

pH 8.2

Elactrical conductivity 0.9 mmhos/cn
Organic carbon 0.375 per cent
Olsen's available P 12.1 pmm

3a003 3.10 per cent
Sand 43.5 7per cent
3ilt 24,0 vper cent
Clay 32,5 per cent
Actinomycetes counts 5.7 X 106 per g
Bactaria counts £,9 X 10" per g
Tungl counts 16.1 X 103 per g
Srops:

Mung (Phaseolus aurgus) var. Pusa Baisakhi

Gowpea (Vigna sinensig) var. Local.

Netails of treatments:

Mzain treatments - 9

Sub~treatments - 5

Rezplications -- 3

Wumber of plots -—- 135 (for mung) and
129 (for cowpea)

Plot size - 4.0 ¥ 1.25 n

Seagon - Kharif 1975



Main plots were eammarked for eight treatments comprising

four carriers inoculated with Rhizobium (mung), Rhizobium(cowpea)

and four carriers inoculated with Rhigobium (mung), Rhizobium

(cowpsa) in combination with 3.megaterium for mung as well as

cowpea crops. One main plot per replication was assigned to

assess the inoculum buildup in temms of inherent (natural)strains

of Rhizobium (mung) inhabiting the concerned field. Sub-plots

were alloted to different pelleting materials. Treatment

schedule was as follows:

1.
2.
5.
4.
5.
6.
Te
8.

Famyard manure + Rhizobium {(mung)

Goal + Rhizobium (aung)

Cow dung cake (Kanda) + Rhizobium (mung)
Teafmould + Rhizobium (mung)

Farmyard mamure + Rhizobium(mung) + B.meoaterlum

Coal + Rhizopium (mungy + B.mogaterium
Gow dung cake (XKanda) + Rhizobium (mung)+ B.megaterium

Leafmould + Rhizobium (mung) + 3.negaterium

q . In addition to these treatments in ocase of mung an

additional treatment of uninoculated seeds was kept.

Sub-treatments:

Jaggery 25 per cent solution as sticking material
Gum arabic 50 per cent + sodiun molybdate
Gum arabic 50 per cent + superphosphate
Gunm arabic 50 per cent + gyvsum
Gum arabic 50 per cent + mixture of sodium molybdate
+ superphosphate + gypsum.



Tnoculants:

The strains of Rhizobium (mung), Rhizobium (cowpea)

and B.megaterium used were the same as in previous experiment.

Sarriers:

Farmyard manure, coal powder, 'kanda' and leaf mould

were used as carriers.

Inoculation of carriers:

Sterilized carriers were inoculated by mixing
thoroughly 250 g of each carricrs with 52 ml of heavy suspension
of 24 hours old Rhizobium (mung) broth (1ox109 per ml), 72 hrs
0ld Rhizobium (cowpea) broth (1X1O9 per ml) separately followed
vy addition of 50 ml of sterilized water. 3imilarly each
carrier was thoroughly mixed with 50 ml of Rhizobium (mung)

+ 50 mwl of 3.megaterium,and 50 ml of Rhizobium (cowpea) + 50 ml

of B.megaterium culture separately as per trzatment schedule.,

Tnoculated carriers were incubated at 2800 for 4 weeks,

3eed inoculation and pelleting:

dhite pure gum of Ascacia aranics was purch=2sed

from the market and was powdersed nroperly soO 23 1o dissclve
easily to from 50 per cent pasts. he incculatan of the mung
and cowpea seeds with Rhizobium (nung) =nd Rhizobium (cowpea)
was 2one according to the method recsived from the T.a.R.1.,

New Delhi. accordingly, a slurry was made by adding about

70 gm of each inoculated carrier separately in half litre of
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25 per cent jaggery solution, which was prepared by boiling
jaggery for half an hour and subsequently cooling. The seeds
which were coated with jaggery were mixed in this slurry
thoroughly sc¢ that all the seeds were uniformly coated with
culture. Similarly seeds were inoculated with Rhizobium (mung)

+ B.megaterium, and Rhigzobium (cowpea) + B.megaterium

respectively. Inocculated seeds were then dried in shade by
spreading on clean newspaper sheets. The remaining seeds which
were t0 be inoculated with Rhizobium (mung) with and without

B.megaterium followed by pelleting with 50 per cent gum + sod itm

molybdate, 50 per cent gum + superphosphate, 50 per cent gum +
gypsum and 50 per cent gum + mixture of pelleting materials
(1:1:1 , sodium molybdate, superphosphate and gypsun) were
mixed with 50 per cent gum arabic solution followed by pelleting

according to treatment schedule.

Pelleting was done by the method of Brockwell (1962).
The seeds inoculated with inoculum carriers as above (in gum
arabic) were placed in very fine powder of pelleting material
(passed through.BOu mesh and kept as a thick layer). Some more
powder was added on them and the seeds were rolled in the powder,
until each seed grain was fully coated and besceme dry and
discrete. The pelieted sseds were spread on a2 clean sheet of
paper and allowed to dry in shade for some time for hardening.
Bxcess of pelleting material was removad by sieving. The seeds
processed with different treatment materials were then sown

in field .



The following seed treatments were carried out:

1. Farmyard manure + Rhizobium (mung) 2nd coated with 25 % jaggery

2. Farmyard manure + Rhizobium (mung) and pelleted with 50 % gum
+ sodium molybdate

72, Farmyard manure + Rhizobium (mung) and pelleted with 50 % gum
+ superphosphate

4. Farmyard manure + Rhizobium (nung) and pelleted with 50 % gum
+ gypsun

5. Farmyard manure+ Rhizobium (mung) and pelleted with 50 % gum
+ godium molybdate + superphosphate + gypsum

6. Coal powder + Rhizobium (mung) and coated with 25 % jaggery

7. Coal powder + Rhizobium (mung) and pelleted with 50 % gum
+ sodium molyhdate

8. Coal powder + Rhizobium (mung) and pelleted with 50 % gum
+ superphosphate

9. Coal powder + Rhizobium (mung) and pelleted with 50 % gum
+ gypsum

10. Coal powder + Rhizobium (mung) and pelleted with 50 % gum
+ sodium molybdate + superphosphate + gypsum

11. Kanda + Rhizobium (mung) and coated with 25 # jaggery

12. Kapda + Rhizobium (mung) 2nd pelleted with 50 % gum + sodium
molybdate

13, Kanda + Rhizobium (mung) and pslleted with 50 # gum + super-
phosphate

14, Kanda + Rhizobium (mung) and pelleted with 50 4 gum +gypsum

45. Kanda + Rhizobium (mung) and pellated with 50 % gun + sodium
molybdate + superphosphate + gypsum



16. Leaf mould + Rhizobium (mung) and coated with 25 % jaggery

17. Leaf mould + Rhizobium (mung)} and pelleted with 50 % gum +
sodium molybvdate -

18. Leaf mould + Rhizobium (mung) and pelleted with 50 % gum +
superphosphate

19. ILeaf mould + Rhizobium (mung) and pelleted with 50 % gum +
gy psum

20. Leaf mould + Rhizobium (mung) and pelleted with 50 % gun +

sodium molybdate + superphosphate + gypsun

21. PFarmyard manure + Rhizobium (mung) + B.aegaterium and

coated with 25 % jaggery

22. Farmyard mamire + Rhizobium (mung) + 3.megateriuz and
pelleted with 50 % gum + sodium molybdate

23, Parmmyard manure + Rhizobium {mung) + 3.megaterium and

pelleted with 50 % gum + superphosphate

24, Farmyard memire + Rhizobium (mung} + B.pegaterium and

pelleted with 50 % gum + gypsun

25. Famyard manure + Rhizobium (mung) + B.megaterium and

pelleted with 50 % gun + sodium molybdate + superphosphate+
gy psun

26, Coal powder + Rhizobium (wung) + B.megaterium and coated
with 25 % jaggery

27. Goal vowder + Rhizobium (mung) + B.megaterium and pelleted

with 50 % gun + sodium molybdate

28. Coal powder + Rhizobium (mung) + B.megaterium and pelleted

with 50 % gus + superphosphate

29. Coal powder + Rhizobium (mung) + B.negatcrium and pelleted

with 50 % gum + gypsuz

30. Coal powder + Rhizobium (mung) + B.megatsrium and pelleted

with 50 % gun + sodium molybdate + superphosphate+ gypsum



31, Kanda + Rhizobium (mung) + B.megaterium and coated with
25 % jaggery

32, Kanda + Rhizobium (mung) + 3.megaterium and pelleted with
50 % gum + sodium molybhdate.

33, Kanda + Rhizobium (mung) + B.megaterium and pelleted with

50 » gum + superphosphate

34, Kanda + Rhizobium (mung, + B.nmegaterium and pelleted with
50 % gum + gypsum

35. Kanda + Rhizobium (mung) + 3B.pegaterium and pelleted with

50 % gum + sodium molybdate + superphosvhate + gypsum

36, Leaf mould + Rhizobiun (mung) + B.nsgaterium and coated

with 25 % jaggsvyry

37. Leaf mould + Rhizobium (mung) + B.mgegaterium and pellzted

with 50 % gun + sodium molybdate

38, Leaf mould + Rhizobium (mung) + B.megaterium and pelleted

with 50 % gum + superphosphate

39, Leaf mould + Rhizobium (mung) + B.megaterium and pelleted

with 50 % gum + gypsum

A0.  Leaf mould + Rhizobium (mung) + 3.negateriuvm and nelleted
with 50 % gum + sodium molybdate 4+ supervhosphate + gypsun

4145 Surface sterilized seeds{Pelieted)

Similar schedule of seed trestments was czrried out of

cowpea fodder crop except use of surface sterilized seeds.

Land preparation and sowing:

Ths plots were laid out after one vloughing by tractor
followed by cross-harrowing and planking. The furrows ware
opened by a country plough and mung seeds treated previously

and nontreated seeds were dibblad in same manner,.



Fertilizer application:

3asal dose of 20 kg P205/ha ( superphosphate) was applied

at the time of sowing by drilling.

Other cultural operations:

Agronomic practices recommended for the area were carried

out.

Nodulation studies in mung:

Plants were uprooted randomly with care after light

irrication and nunber of nodules recorded (3 wecks after sowing.\.

Harvesting and thrashing:

Mung s Two pickings of dry pods were donz after the
maturity of pods, and straw was immediately harvested. The
thrashing was done sub-plot wise by mannual labour and grain

and straw yield s were recorded.

Cowpea: Green fodder was cut down after 75 days., Yields
were recorded sinultaneously. Representative sanples were

collected sub-plot wise for deternination oY dry matter.

Gollection of samples: Grain and straw sanvles were

collected and prepared sevarately for cheniez2l analysis,
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METHODS

S0il Analysis:

Soil rezction:

The pH was detemined using 3eckman's pH meter in

112.5 so0il water suspensicn.

Electrical conductivity (EC):

Eleetrical conductivity was determined by

solubridge as described by Richards (1954).

Calecium carbonate:

Deternination of GaGO3 was carried out as per
method of Puri (1963). Five gn of soil was shaken for one
hour with 100 ml acetic acid (buffered with 15.3 g of
calcium acetate dissolved in 28.6 ¢.C. gzlacial acetic acid)
and volume was made up to one litre with distilled water.

The aligquot (10 ml) was taken from filterate filtered through
filter No.1 and titrated with 0.1 NaOH using phenolpthalein
indicator. Blank was run simultaneously. The vercentage of

OaCO3 was caleulated as follows:

A -BX 0,205 x X 100 X 100

- 0074
x XY

Where Blank reading
Sanple reading
Weight of soil taken

Alidquot taken

il



Mechanical analysis:

Phis carried out a3 per international pipetie

method described by Piper (1950).

Organic carbon:

This was detemined using Walkley Black's method

(Jackson, 1967).

Table 2, Composition of media

3.No, Chemicals Quantity
1 Streptomyecin Rose 3engal Agar
Peptone 5.0 g
Dextrose 10.0 g
Potassium dihydrogen crthophosphate 1.0 g
Magnesium sulphate 0.05 g

Streptonycin
Rose Bengal
Agar
WHater
pH adjusted

2. Nutrient Agar
Agar
Peptone
Water
pH adjusted

3. Dextrose Nitrate Agar
Dextrose
Potassium chloride
Magnesium sulphate
Potassiun dihydrogen orthophosphate
Sodium nitrate

32.00 ug/ml
3% .00 ug/ml
20.00 ¢

1000.00 ml
7.00

20.00
1.00
1000.00
7.00

e 09

=
i

1.00
2.10
.10
0.10
0.10

ng ® oug pg 08




Continued Table 2.

S.No. Chemicals Quantity
Agar 15.00 g
Vater 1000.00 ml
pH adjusted T7.00

Available phosphorus:

This was determined by Olsen's Method (1954},

Estimation of microbial population:

Bacteria, fungi and actinomycete population in soil

was estimated using dilution pour volate technijue.

Dilution ranges of the order of 1072 40 107* for
fungi, 10_4 to 10-6 for actinomycetes and bacteria respectively
were used. The media {composition in Table 2) used were as
follows:

(i) Streptomyein: Rose Bengal Agar (Martin,1950) for
fungi.
(ii) Nutrient Agar (Martin, 1950) for bacteria
(iii)Dextrose Nitrate Agar (Xenknight and Muneie, 1939)
for actinomycetes.
The plates wers incubated at 28°0 for growth of

organisms.



Plant analysis:

Determination of nitrogen:

Digestion of plant material was carried out by taking
100 mg of grain or straw sample in 30 ml Kjeldahl's flasks to
which 2 m1 of concentrated H2SO4 were added and heating was
carried out on an electric heater for 3 minutes followed by
addition of 0.2 ml of hydrogen peroxide till the contents
became colourless, On completion of digestion, the contents of
the flask were transferred to 100 ml volumetric flasks and
volune made up in each flask. Five ml alijuote in case of grain
and 10 ml aligquots in case of straw were pipetted out in 50 ml
volunetric flasks and colour developed with Nesseler's reagent

as per method of Snell and Snell (1955).

Estimation of phosphorus:?

The digestion of 1 g of plent material (cither straw
or grain) was carried out by triacid digestion mixture vraceded
by digastion with concentrated nitric acid as described by
Jackson (1967). The phosphorus was determined colorimetrically

as per Dicknan and Bray's (1940) procedurs.

Uptake of nutrients:

Total uptake of nutrients, namely nitrogen =2nd phoschorus
was calculated by adding up the amount of uptzkes of each
nutrient through grain and straw {based on totul yield per

nacter) .



Statistical analysis:

All the data of different experiments for grain and straw
yield as well as nutrients uptake were gtatistically processed
in order %0 give proper interpertation to the differences obtained
under the influence of different treatments. The analysis of
variance was conducted (Fisher, 1950) and comparisons among
means were made by calculating critical difference. Thz '®!
test was carried out to s2e the significance between differences

due to the treatments.

-3



RESULTS AND DISCUSSION

Effect of different carriers and periods of storage
on mean survival of Rhizobiwm {(mung), Rhizobium
(cowpea) and B.megaterium:

The data given in Table 3 indicates the mean survival
of Rhizobium (mung) in four ecarriers (famyard manure, coal
powder, 'kanda' and leaf mould). Coal powder was found less
effective carrier whereas the survival was markedly significant
in ‘kanda’ followed by leaf mould., As regards the influence of
different storage period on mean survival of rhizobia, it was
found that after fourth week there was decline in population
(Table 4). When the data presented in Table 5 (describing the
effect of farmyard manure, coal powder, 'kanda' and leaf mould
during different intervals of storage period) were examined;
highest mean survival of Rhizobjium (mung) was found in 'kanda’
followed by leaf mould — whereas farmyard menure and coal
powder were found inferior. More or less similar trends were
also obtained for survival of Rhizobium (cowpea) in farmyard
manure, coal powder, 'kanda' and leaf mould sxcept 'kanda’
which was found to be the best carrier (Table 6). When effeet
of different intervals of time of storaste wss examined (Table 7),
high mean survival was found during fourth weck. Highzst counts
were obtained for 'kanda' followed by leaf mould after fourth

weeks; whereas, decreasing trend were found for farmyard manure



Table 3, Effect of different carriers on me2an survival of

Rhizobium (mung)

Qarriers Mean value of survival (X 109/g)
Farnyard manure 0.43
 Qoal 0.25
Kanda 0.63%
Leaf mould 0.56
S.Ed., + - 0.0054 3 ¢.,D.at 5% - 0,011

Table 4. Effect of periodsof storage on mean survival of
Rhizobium (mung)

_Pepiod (weeks)
1 2 3 Z _
Supvival (X 107/g) 0.34 0.42  0.54  0.58
S.Eﬁ. _'!: - 0.005’41— H C-Dt at 5 :% - 0.011

Table 5., Zffect of Aifferant carricrs and

on mean survival of Rpizobium (m

iols of storage

_Garriers

Period {weeks)

3 > 3 A Mean
Parnyard manure 0.31 0.40 D22 D455 0.43
Coal 0.25 0,29 0.26 0322 2.25
Kanpda 0.40 0.52 0.7¢ 0.82 0.63
Leaf mould 0.36 0.46 0.67 0.96 0.56
Mean Q.34 0.42 0.51% 0458
i 5.3, + = 0.0103 3 a.D. at 5% - 0.0218
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Table 6. Bffect of different carriers on mean survival of
Rhizobiun (cowpea)

gy

Carriers Ponulation (X 109/g)
Farmyard manure 0.5t
Coal ' 0.18
Kanda 0.56
Leaf mould 0.45

Pable 7. Bffeet of periods of storage on mecan survival of
Rhizobium (cowpea)

Period. {woeks)
1 2 3 4

Survival(X107/g) 0.24 0.31 0.12  0.54

S,Bd. + - 0.0077T ;  G.D. at 5% =~ 0.0157

Table 8, Effect of different carricrs and periods of storage
on mean survival of Rhizobium (cowpoz

Carriers - ?erio% (waegs% - Mean
Farmyard manure 0.21 0.27 0.32 .41 0.%1
Coal O.14 0.17 0.19 2,19 0.18
Kands 0,31 O.41 .53 .81 0.56
Leaf mould 0.29 0.39 0.51 D.563 0.45
Maan 0.24 0.31 0.42 0.51

3,Bd. + - 0,0154 ; 2.D. at 5% - 0.0308




Tahle 9. Effect of different carriers on nean survival of
Bacillus megaterium

Qarriers Mean values of survival
(X109/g)
Farmyard manure 0.49
Coal 0035
Kanda 0467
Leaf mouli 0.59
3.Ed. + - 0.0067 ; C.D. at 5% - - 0.0137

Table 10, Effect of different time intervals on mean survival of
Bacillus megaterium

Period (weeks)
1 2 3 A

Survival (¥107/g) 0.39  0.5% 0.59 0.60

S.Bd., + = 0.0067 ; 3.D. at 5% - 0.0137

Table 11. Effect of different carriers and periods of storage
on mean survival of Bacil lus magnteriun

: i ~l

Garriers 1 PeLéod (we%&s) - Mean
Farmyard manurs 0.35 .44 3.56 D.52 N.49
Coal 0.29 0.1 0.13 0.27 0.35
Kanda 0.49 0.64 D.76 0.81 Q.67
{2af mould 0.%16 0.57 0.6%4 371 0.59
Mean - 0.39 0.51 0.59 0.60

S.Bd., + - 0.136 ; ¢.D. 2t 55 - 0.0272
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and coal powder (Table 8). The data summarized in Table 9
" descoribes the effect of farmyard manure, coal powder,
"kanda' and leaf mould on mean survival of Bacillus

megaterium var. phosphaticum 'kanda 'was found best carrier.

Mean survival of g.megaterium was found highest after fourth

week (Table 10). When effects of farmyard manure, coal
powder, 'kanda' and leaf mould (during different intervals

of storage period on mean survival of §.megaterium) were

examined, 'kanda' was found t0 have highest count followed

by leaf mould after fourth week (Table 11.)

Though bacterial inoculants have receilved less
attention in the country, it is becoming increasingly clear
that shortage of fertilizer can be met by stepning up
wacterial fertilization. Some organisms have bezn Known to
increase phosphate availability by solubilizing different
phosphate compounds from s0il. Bacteria and fungi often
associated with the rhizosphere of plants, are able %o dissolve
calecium phosphate and pyrophosphate (Manson and Tomashevska, 195%).
Swaby and Sperber (1958) showed that spp. of genera

Arthrobacter, Pseudomonas, XanthomenAas, Achromobacter,

Elavobacterium, Streptonyces, Asperigillus, and Penicilliium

released phosvhate from hydroxy=oztite by producing organic

acid 3. Numerious bacterial types including Bacillus subtilis,

—

3 .coreus var. mycoides (B.mycoides), B.mezaterium and

3.mesenterius relesase soluble phosphorus from calelum and

—

iron phosphates, calcium glycerophosphate and ls.cithin.



Phosphorus uptake by Pinus radiata inoculated with mycorhiza
was greater than without it {Harley, 1952). Cooper (1959),
Surman (1960), Szember (1960), Goswami and Sen {1962}, Das
(1963), Paul and Sundra Rao (1971) have also reported
increased availability of phosphate after inoculation with
certain organisms. Smith et al. (1961,1962) on the basis of
their work remarked that experimentation of workers from
Russia was not scrutinized statistically 2nd results are

open to questions. However, since then a numbsr of workers in
India and abroad have reported on the beneficial effects of
bacterial fertilizers, Sharma and Singh (1971) while working
with phosphobacterin noted significent increase in grain yield
and phosphorus uptake by rice.Dhyan Sarup (1969), Panwar {1970),
Uarova (1956), Manolache and Iordachescu (1961), Stefan and
Boti (1961), Kudzin gt al. (1970), Kudashev (1956), Mishustin
and Naumova (1956), Kanzaria (1974), Paul and SundaraRao (1971)
and number of other workers also reported similar findings on

the efficiency of phosphate solubilizing crganisms.

Rhizobium is known to be quite potent in legume and
its combination with phosphate gsolubilizers may provide a good
situation (Kanzaria, 1974). The present studies ware carried
out with this objective in view and mung and cowpea were chosen
for the purposs. To overcome ineffective inoculation of seed
and unfavourable epviromments in soil some basis have been
ag2d as inoculum carriers and different pelleting materials

payve also been used along with gun arabic (50 4 paste) as

L9}



adhesive coating to screen out the best possible combination
of inoculants, inoculant carrier and vpelleting material., Yield
inereases due to seed inoculation of legume seeds with.rhizobia
have been recorded as high as 53 per cent in case of pea,
49 per cent in gram, 64 per cent in mung, 71 per cent in urd,
and 100 per cent in case of cowpea, but at the same time this
treatment is reported to have negligible or no effect due to
unfavourable conditions existing in the soil for the survival
of the organisms (Bains et 2l.,1970). This difficulty is
obviated to a great extent if the seed 1is pelleted after
inoculation because of the ability of rhizobia to survive on
seeds and to effectively nodulate their host under this
condition. In review of the fact that the leguminous seeds as
well as the average soil provides rarely 2 favourable enviromment
for survival of rhizobia, cosiderable interest hzs been focused
on rhizobial longivity. These studies had two objectives
i.e., (i) developing effective methods of inoculating seeds
for sowing under adverse conditions and (ii) imvroving
preinoculation techniques (Burton, 1967). Rhizobia in peat
was reported as better equipped to survive on seed than in
broth, water, suspension of agar grown cells (Burton, 1964).
Thompson (1960) reported inhibition of growth of rhizovia due
to toxins (antibiotic) substances of seed coats of legumes.
Use of inoculum ecarriers has been reported bencficial in
improving inoculation capabilities (Burten, 1967,Mishustin
and Naumova, 1956, Atwal and Sidhu, 1964; Kandasamy and Prasad
1971 ; Burton and Curley, 1965; Iswaran gt 2l,1972; Graham

et al. 1974; Chakrapani and Tilak, 1974; Kanzaria, 1974



Nandi and Sinha, 1974; Date, 1968; Dadarwal and Sen, 1971 and
Tawaran and Chhonkar, 1971). Certain additives, such as
sucrose, dextrin, maltose and gum arabic were also reported as
beneficial materials for improvement of rhizobial survival on
legume seeds (Burton, 1960, 1964; Hely, 1965; Vincent, 1958 )
Workers in Australia (Bergersen gt 21.,1958; Brockwell, 1962
and Hely, 1965), in Newzealand (Hasting and Draks, 1960) and
california (Holland and Street, 1965) reported good success
after incorporating peat bass inoculant in a pellet containing
pulverized calcite or dolomite 1imas stone and gum arabic.
Pelleting of sesds after inoculation has been reported to be
nelpful in increasing ability of rhizobia in infecting the
host plants (Date, 1968 ; Radcliffe gt al.,1967; Iswaran and
Chhonkar, 1971; Iswaran, 1969; Loncragon et al., 1955;Bergersen
et al.,1958; Hastings and Drake, 1960; Goel, 1973; Brockwell,1962;

Kanzaria, 1974; Graham et al., 1974 and Chahal and Rewari,1975).

wrfect of inoculation by Rhizobium (mung) with

and without B.megaterium using different carriers

on grain yield of mung:

The results presented in Table 12 and Fig.t described
tha effect of inoculation with Rhizobium (mung) alone and in

combination with B.megaterium on grain yield using four inoculum

carriers viz., famyard manure, coal powder, cowdung cake
1 R
kanda' and leaf mould. Farmyard manure was found to be the

poorest whereas. 'kanda' under conditions when B.megaterivm
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Table 12. Effect of inoculation by Rhizobium (mung) and
3acillus megateriun var. phosphaticum through
Aifferent carriers on grain yield of mung

(a/ha)
Cultures Carriers :
= Mean
R £.90 T34 T35 7.36 Te24
RB 7.68 7.55 B8.65 8.19 8.27
Mean 7.29 T.44 3,00 T.78

Control 3.9%
S.Bd.+ 0.0704
C.D.at 5% 0.1490

Table 13. Bffect of different pelleting materials on grain
yield of aung (a/ha)

Treatmants
fa)
P B, 3 Py s
Mean 6.67 7033 8026 6.?’5 704—5

3.4 + 0.045
¢.D.ot 5% 0.080
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was used along with Rhizobium (mung) was found to be the best
followed by leaf mould and farmyard manure and coal powder.

Thus for legume inoculation using Rhizobium and §.megaterium

tyanda! can be used successfully which 1s easily available.

The utility of 'kand' lies in the fact that as a result of
drying of fresh cowdung and animal dung some organic materials
are available which normally decompose during manuring.
Bhardwaj and Gaur (1972) have reported growth promoting effect

of humic substances on Rhizobium trifolli. Ths nossibility of

presence of such substances can not be ruled out and this
accounts for superiority of ‘'kanda' and leaf mould for

gtipulation of activity of Rhizobium and B.negaterium.

Tndividually farmyard manure, coal, ‘kanda' and leaf mould
are statistically significant. Also Rhizobium (mung) inoculation
is inferior to Rhizobium {mung) when used 2long with

B.negateriun., Thus the results are clear that mixing of

B.megaterium with Rhizobium (mung) has = distinct advantags.

Bacillus megaterium has been reported to preduce vitamin 812

which is used as culture on large scale in U.5.4, (Periman, 1G67)
In view of the fact that species and strains of rhizobia do not
produce enough growth factors, some quantity of these can be
desirable for stimulation of rhizobial growth. Chatterjse

and 3anerjee (1372) have alsc reportedl on the influsnce of
B,vitamins on growth and extra cellular accunulation of
B.megaterium. Growth pronoting substances sesu sbvicusly

responsible for mutual synergisa of rhizobia and B.megaterium.



Effect of pelleting materialg on grain yield of mung:

When effects of different pelleting materials are
ex-nined, superphosphate along with 50 per cent gum arabic
has been found to be the best (Table 13 and Fig,2). It is
distinetly superior to the use of jaggery =lone, 50 par cent
gum + scdium molybdate, 50 per cent gum + sup:ryhosphate,
50 per cent gum + gypsum and 50 per cent gum + sodium molybdate
+ superphosphate + gypsum. These results clearly indicate that
sddition of superphosphate acts as a pooster in improving the
activity of nicro-organisms. cum arapic 30 per cent naste has
been reported as very much veneficizl for its stickna2ss and
stimulatory influence for survival of rhizobia (Radeliffe et al.,
1967; Graham et al.,1974 and Iswaran and Chhonkar, 1971). Thus
'kanda' as the inoculum carrier (inoculated with Rhizobium

along with B.megaterium) may become effective with 50 per cent

gur arabic and guperphosphate as pelleting method. These
statistically significant results presented in Table 12 and 13
are self explanatory. Work of Rewari gt al. (1965), Iswaran
et al. (1971) and Kanzaria (1974) and several other workers
has clearly indicated that the addition of phosvhate has
distinet advantage in improving fthe activities of Rhizobium

(mung) and B.negaterium. Thus these findings gorroborate the

work reported here. This has distinet impact upon the technology
of usage of bacterial inoculants. If raw cow dung cake after
drying is used along with bacterizl inoculant like 3.megaterium
and Rhizobium in combination with phosphate ( suparphosphate)

the improvement inyields appears to be possible.






Tffect of inoculation by Rhizobium (mung) with and without

B.negaterium using different carriers on nung straw:yield:

The useful trends obtained in terms of overall
increase in straw yield (Table 14) were found to be more Or
less similar to those of grain yields except that the order
of performance was different. Farmyard manure was found to
be poorest when cultures Rhizobium (mung) =2lconz with
B.megaterium were used. It is quite apparent fron the result
that seeds receiving only Rhizobium (mung) gave about 2B.78 per-
cent lower yield (i.e., 41.83 d4/ha) as conpared to the yield
(58.74 9/ha) due to treatment of seeds with Rhizobium (mung)

along with B.megaterium. The statistically significant

difference in yield indicates the potentiality of the entire
methodology using B.megaterium as 2 phosphate solubilizer
along with Rhizobium (mung) for inoculating legumes. Similar
was the case when surface sterilized seeds were incculated
with Rhizobium (mung) and treated with jaggery 25 per cent
or pelleted with 50 per cent gum arabic + sodium molybdate,
50 per cent gum arabic + superphosphate; 50 per cent gun arabic
+ gypsum ; 50 per cent gum arabic + sodium molybhdate +
superphosphate + gypsum in as much as significantly higher
yields were recorded over treatment involving only surface
sterilized seeds. Higher yields are possibly due to the fact
that inoculum buildup in field was very poor and infection
by native rhizobia was almost absent. In addition to

it the better survival of Rhizobium (mung) and 3.megaterium
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Table 14. Effect of inoculation by Rhigobium (mung) and
Bacillus megaterium var. phosphaticum through

different carriers on drymatter (straw) yield
of nung (g/ha)

Cultures Caprisrs Mean
G1 02 03 G4
R 57.44 39,05  41.22 49,58 41,82
R 3 55.34  59.27  62.92  57.43  58.73
Mean 46.39 49,16 52.07 53.00

Cont rol 19,57
S.Ed.+ 0.227
C.De.at 5% 0.481

Table 15. Effect of different pelleting materials on drymatier
(straw) yield of mung (2/ha)

Traeatments
P1 P2 Pg P4 P5
Mean A2 .34 43.36 53 .94 44.58 50.13%
S.Ed.+ _ 0.108

CeDaat 5%  0.215




of carriers could have helped in boosting the yields.

Bffects of pelleting waterials on mung straw yield:

When effectsof pelleting materials on straw yield
are examined (Table 15) it seems that treatment involving
superphosphate along with 50 per cent gun is sunmerior over
other pelleting materials followed by mixture of pellets
with 50 per cent gum arabic. When effect of inoculum carriers
and pelleting materials (Table 16) is simultaneously examined
they prove the efficiency of 'kanda' as the best inoculum
carrier when 50 per cent gum and superphosvhate were used as
pelleting material. It may be due to stimulating effect of
txanda' in presence of superphosphate, Sabu (1973), observed
that bacterization of the seeds by rhizobia or phosphatization
inereased nodulation, nitrogen content in shoot and root dry-
matter content of shoot and root portion and yield. Brockwell
et aLl. (1975) reported.increase in drymatter of soybean from
184 mg/plant to 705 mg/plant due to rhizobial inocculation.
Results described in Table 15 seem to be self exvlanatory in

corroborating the work reported.

Tffect of different inoculum carriers on nodulation in mung:

Data represented in Table 17 revealed that the
nodulation pattern was more or less reflected in the order
of performmance of different carriers and inoculants for

grain and straw yield. Here the superiority of leaf mould



Pable 16. Bffect of different carriers and pelleting materials
on efficiency of Rhizobium with and without

B.megaterium in providing straw yield of mung {qa/ha)

RC, 34,36 36,00 47.23 30,20 39.49 37.44
RC, 35,00 30,80 45.93 39,43 41,10 39.05
RG3 40.20 36.33 17.35% 35.0% 47420 41.22
384 48.43 49.53% 58.83 21,73 49,36 49.58
RBG1 51.56 A8.7% 63.26 54.90 58,23 55.34%
RBC, 49,16 h53.53 66,96 61.06 65.33 59.27
RBG3 5343 651.70 70.36 64.13 65,090 62,92
3804 49,60 52.20 67.60 55446 £2.30 5713
Mean 42,34 13.36 53.94 Ph e D8 50.13

Sg = 19.570

S 0.375

8.D.at 55 1.950



Table 17. Bffect of inoculation by Rhizobiun (mung) and
Bacillus megaterium var. phosphaticun through
different carriers on number of nodules in
mung

Cultures 5 Cgrri@rs 5 - Mean

1 2 3 74

R 19.83 26.90 24.06 27.33% 24 .53
R 3B 29.70 28.56 23,10 29.93 27.82
Mean 24.76 27.73 23,52 28.63
Control 6.80
S.Bd. 04240
¢.D.at 5% 0.509

Table 18. Effect of different pelleting materials on number

of nodules in mung

Treatnents
P1 P2 P3 P4 PS
Mean 22,75 24.39 28.41 21.8% 22.74
S.Bd. * 0.092
¢c.D.at 5% 0.184




as carrier was discernible in terms of capability of infecting
roots in comparision to coal powder and 'kanda'. In combination
with B.megaterium the Rhizobium (mung) seemed to be more active
in providing more and healthy nodules. Sahu {1973) revorted
that due to inoculation and phosphate applic-tion there was
increase in nodule numbers. Ireland and Vincent (1968) reported
on the heavy inoculum form earlier nodulation and fomation of
upto five times as many effective nodules per nlant. Iswaran
et al. (1972) also reported on plant composit as a substitute

for peat for legume inoculants.

Zffect of pelleting materizals on nodulation in mung:

Fersual of data described in Table 18 once again
ghowed superiority of the treatment involving pelleting with
50 per cent gum arabic and superphcsphate in increasing the
nunber of nodules over other treatments {comparision of with
only jaggery or pelleting with 50 per cent cum + sodium molybdate,
50 per cent gum + gypsum, 50 per cent gum + sodium molybdate
+ superphosphate + gypsum). Similar trends were observed for
50 per cant gum + superphosphate as pelleting materials when
inocculum carrier and pelleting materials interactions were
examined (Table 19). Leaf mould as inoculum carrier was found
to be the best when interactions with pelletinz materials
were examined. Scanty pattern of nodulation was observed from
plots receiving uninoculated seeds. These results clzarly

‘indicate that addition of guperphosvhate following rhizobial



Tahle 190

offect of different carriers and nelleting materials on

nodulation in mung (Rhizobium with and without

B.megaterium)

Main -treatments
treatments P1 Eg P3 P4 P5 Mean

Ry 24,00 18.8% 19.33% 18.16 18.83 19.83
RC, 26.66 2733 37.16 20,66 22,66 26.90
365 20.353 27.16 32,50 19,16 21.16 24.06
RC, 2%.50 26.83 36 .83 27.83 21.66 27.33
R3C, 28,66 31.66 33.83 29.16 25.16 29.70
RBC, 26,16 28,83 30.56 27.50 29.66 28.56
RBC3 24,16 21.50 23 .66 21.16 25.00 23.10
RBC, 25.16 28.50 5%.66 23,00 32.3% 29.93
Mean 22.75 24439 28.41 21,85 22.74

SO = 6,800

S.2d. +  0.835

¢,D. at 55 1.672
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inoculation through leaf mould base has bensficial role in
improving nodulation pattern. When Rhizobium (mung)

along with B.megaterium was used as inoculant (through

different carriers viz., fammyard manure, coal powder

'kanda' and leaf mould) leaf mould was found to be the best
inoculum carrier. Highest number of nodules (alonz with more
total nitrogen in groundnut plants) were reported by Kandasamy
and Prasad (1971), while describing the effect of inoculation
using lignite inoculum base, Iswaran et al. (1971) also
reported on the beneficial role of inoculum carriers like
charcoal, peat, humic acids in improving nodulzation pattern.
Use of inoculum carriers for increagsing efficiency of
inoculants has been reported by a number of workers {(Atwal
and Sidhu, 1964; Burton and Curley, 1965; Chhonkar and
Iswaran, 1971; Hulmani et al.,1972; Vdishya and Sanoria, 1972

Chakrapani and Tilak, 1974 and Dube et al.,1975).

Effect_of different inoculum carriers on nitrogen

uptake by mung:

More or less similar trends were 2lso observed for
nitrogen uptake (Table 20), Leaf mould was found 4o be the
best carrier followed by ‘kanda' as carri:r, whereas
farmyard manure was found inferior when Rhizobium (mungzg)

was used with and without B.megaterium. 3etter returns of grain

and straw using leaf mould and 'kanda' as bases for inoculation

suggest their utility for substitution for peat which is not
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Table 20. Effect of inoculation by Rhizobium (mung) and
Bacillus megaterium var. phosphaticum through
different carriers on nitrogen uptake by mung

(kg/ha)
Cul tures Qarriers Mean
01 02 03 64
R 45.14 48,61 51«74 62.25 54.43_
R B 61.06 70.15 T5.M 70.934 69.51
Mean 53%.10 59.38 63,82 66,59

Control 20.3%1
S.2d.+ 0.132
G.D.at 5% 0.264

Table 21. Effect of different nelleting materials on nitrogen
uptake by mung (kg/ha)

Treatnents
7, F P, i 7
Mean 48,36  54.50  63.39  50.5.  65.07
S,Ed.+ 0.344

¢,D.at 5% 0.729
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available in Udaipur locality. Individually farmmyard manure,

coal, 'kanda' and leaf mould differ significantly.

Effect of B.megaterium along with Rhizobium (mung)

on nitrogen utilization by mung:

Nitrogen uptake as reported in Table 20 reveals that

the mixing of 3.pegaterium with Rhizobium (mung) has distinct

advantage over Rhizobium (mung) alone.

Effect of different pellsting materials on nitrogen

uptake by mung:

When sffects of different pelleting materials are
examined, superphosphate along with 50 per cent gum has been
found 4o be superior in temms of nitrogen utilization(Table 21).
Mixture of pelleting materials like sodium molybdate, gypsum
and sﬁperphOSphate using 50 per cent gum arabic as adhesive
are considered inferior to the treatment involving 50 per cent
gum + superphosphate. The interactions between inoculum
carriers and pelleting material are found statistically
significant (Table 22). Leaf mould was found to be suverior
to other inocculum carriers. It is quite avvarent from results
that seeds receiving mixture of inoculants have markedly
improved nitrogen uptake in comparison to treatments involving
inoculation with Rhizobiur (mung) along with different pelleting
materials. Iswaran et al. (1971), Kandasamy and Parasad (1971)
Sahu (1973), Zhelyuk et al. (1974) and Chahal and Rewari (197%)

have also reported on the utility of seed pelleting material



Table 22. Effect of different carriers and pslleting materials on
efficiency of Rhizobium with and without 3.megaterium

in improving nitrogen uptake by mung (kg/ha)

Main - Sub-trea S _
treatments P1 P2 P3 P4 P5 Mean

R02 41,72 A2.52 62 .07 12.25 52.52 A8.61
303 47.08 50.€0 63.66 13,19 54.23 51.74
304 558.91 58.76 75.78 56.54% 61,25 62,25
R831 49.11 58.70 21.78 51.76 62.95 61.06
RBGz 57 .89 66 .68 82.35 87,20 76.63 T0.15
3303 64,63 76.36 91.79 62,99 77 .81 75.91
3504 58.83% £8.79 83.79 65 .63 71.74 70.94
Mazn AB .35 54,50 659,39 20.54 65 .07

5.3d4. + 1.1883

3.D.at 5% 2.3756



Table 23. Effect

of inoeculation by Rhizobium (mung) and

Bacillus megaterium var. phosphaticum through
different carriers on phosphorus uptake by

nung {(Kg/ha)
Cultures Qarriers -
01 02 03 Gy Mean

R 4 .39 1.76 5.11 5.06 5 .08
R B 6.04 6.99 7048 7:08 6 .89
Mean 5e2 587 £.29 557
Control 1.94
S.Bd.+ 0.0304
¢.D.at 5% 0.0650

Table 24, Effecct

of different pelleting materials on nhosphorus

uptake by mung (kg/ha)
Ireatments
Mean 4.77 5.39 6.89 4 .91 5.80
3.5, 0.013
C.D.at 5% 0.026
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as an aid in improving nitrogen uptake.

Effect of inoculation by Rhizobium (mung) with
and without B.megateriwm on P uptake by mung :

Data presented in Table 23 and Fig.t describe
the effect of Rhizobiwn (mung) inocculation with and without
g.megateriwn(using farmyard manure, coal, 'kanda' and leaf
mould as inoculum carriers) on phosphorus uptake by mung.

Farmyard manure was once again found to bs inferior inoculum

carrier when Rhizobium (mung) with and without B.megaterium

was used whereas 1leaf mould was found to bz superior when
inoculated with Rhizobium (mung) alone. Kanda was found tobe best

.when  Rhizobium (nung) was used along with B.megaterium.

The utility of 'kanda' and leaf mould lies in the fact that
some active constituents of organic matter are stimul-=tory
to microbial growth., Individually all the four inoculum
carriers differ significantly. Rhizobium (mung) inoculation
was all along found to be inferior to Rhizobian (mung)

along with B.megaterium in terms of phosvhorus uptzke. These

results are quite clear in describing the utility of

B.negaterium in improving the phosphorus availability.

Bffect of different pelleting materials on P uptake by mung:

When effects of differzsnt pelleting m~terials are
examined, 50 per cent gum along with superphosphate was found

to be the best (Pable 24 and Fig.2). It is distinctly superior



over the use of jaggery alone, 50 per cent gum + sodium
molybdate, 50 per cent gum + gypsum and 50 per cent gum
sodium molybdate, 50 per cent gum + gypsum and 50 per cent
gum + mixture of sodium molybdate, superphosphate and gypsum.
These results clearly indicate that addition of superphosphate
as pelleting material has distinct advantage as pelleting
material as also due to the fact that it is easy source of
phosphorus for growth of micro-organisms and plant roots.
Results presented in Table 25 describe the interactions
between inoculum carriers and pelleting materials affecting

phosphorus uvrtake by mung plants.

Farmyard manure was found to be poorest with jaggery
alone as coating material. Highest phospvhorus utilization has
been recorded using leaf mould and 'kanda' as bases, when
Rhizobiuwn (mung) was used alone and in combination with
B.megaterium. 3ignifidant increase in phosphorus uptake which

was observed when B.megaterium was used along with Rhizobium snn,

for (mung) ean be due to solubilization of insoluble
phosphorus which was not possibly available under other

treatments having only Rhizobium (mung).

Results described in Table 25 are akin to reported
work (Harley, 1952; Cooper, 1959; Goswani and Sen, 1963;
Rewari et al.,1965; Bajpal gt al.,1971; Vidhvaskzran et al.

1973; Kanzaria, 1974 and Kabesh et al.,1975).



Table 25. Effect of different carriers and pelleting materials on
officiency of Rhizobium with and without B.megateriun
in improving phosphorus uptake by mung (kg/ha)

Main Snp—j;eatnents — Mean
treatments P1 PZ P3 P4 PS
301 3.66 4.65 5.83 3,67 ALET 1.39
Gz 4.15 4.28 5.84 401 5.12 A.T6
R.G3 4.70 5.05 5,02 A .25 5.55 5.11
304 5.5% 5.91 7.65 5.09 c.12 6 .06
RBG1 4,32 5.57 8.16 5425 6.29 6 .04
RBCz 5,78 6 .60 B.27 6 .66 7.64 6.99
3563 6.46 T.61 9,18 6.53 765 T.48
RBC, S5TT 6.863 9,20 H.41 T.15 7.08
l'Ieal’l ’\-.77 5.39 6089 fl-.91 5-%0
SO = 1.94

5.8d. + 0.118

¢.D. at 55 0.236
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The overall useful trends were obtained in terms
of increase in grain, straw yield, nodule n@nbers, nitrogen
uptake and phosphorus uptake. Kanda and leaf mould have

been found to be best carriers all along.

When different pelleting waterials wer: examined
it was found that pelleting with 50 per cent gum + supervhosphate
wag definitely superior to other pelleting materials. Even
when interﬁctions between inoculum carriars and pelleting
materials were examined, leaf mould and 'k=znd=2' were found
better when seeds after incculation were pelleted with 50 per-

cent gum + superphosphate,

Though. direct studies relating activities of

Rhizobium (wung) and B.megaterium in soil were not possible

it is apparent from results that Rhizobium (mung) when
combined with B.megaterium provided higher yields along with
better phosphorus utilization. Sharma and Singh (1971) while
working with phosphobacterin along with bone me2l or super-
phosphate noted that there were significant increases in grain
yield of rice as well as uptake of phosphate. Kudashev (1956),
Mishustin and Naumova (1956), Uarova (1956), Kudzin et al.(1970)
Manolache and Iordachescu (1961), Stefan and Boti (1961),
Dhyansarup (1963), Panwar (1970), Kanzaria (1974) and a

number of other workers also reported similar findings 'on the

efficiency of phogphate solubilizing organisms.



Effect of inoculation by Rhizobium (cowpea) with and without
B.megaterium using different carriers on cowpea green fodder
yield:

More or less similar trends were also obtained in
terms of overall increases in cOwpea green fodder yields when

effects of Rhizobium (cowpea) with and without B.megaterium

were examined using different carriers (famyard manure, coal,
'kanda' and leaf mould) as in Table 26. Individually different
carriers did not provide significent differences, Bacillus

megaterium when used with Rhizobium (cowpea) was found to be

superior t0 Rhizobium (cowpea).

While the afore mentioned results are enlightening
they also indicate certain gaps in available knowiedge on

rhizobia - B.megaterium beneficial association. Too little

is known of combined activities of rhizobis and B.megaterium

in rhizosphere. Future experimentation should provide the answers
to some of these enigmas,

Bffects of different pelleting materials oan cowpea

fodder yield:

When effects of different pelleting materials
(summarized in Table 27) are examined treatment 50 ver cent
gun + superphosphate has been proved to be thz best. It is
distinctly superior to the use of jaggery, 50pzr cent gum +
godium molybdate, 50 per Qent gun + gypsuz and 50 per ceut gum
+ mixture of sodium molybdate, superphosphate and gzypsum.

This clearly indicates that addition of superphosphate has

DAaCLlLIuD mwﬁavcj.;.um vear e golioaipaacuomz T S
_”#
i ~n oproen fodder yield of cowpea
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Table 26, Bffect of inoculation by Rhizobium (cowpea) and

Bacillus megateriun var. phosphaticum through
different carriers on green fodder yield of cownea

(q/ha)
Cultures - Gappiers Mean
G c 8] C
1 2 3 4
R 189.5 206.5 201.0 201.0 199,50
RB 218.0 221.0 207 5 217.0 215.90
Mean 203.8 213.8 204.% 225.,0
S5.Ed.% T5T
C.D. at 9% 16.24

Table 27. Effect of different pelleting materials on green
fodder yield of cowpsa (a/ha)

— Ireatments

P, E, P, P, P,
Mean 174.1 189.1 245,0 190.0 240,3
S.Bd. + 7.87

C.D.at 5% 15.74
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Table 28, Effect of different carriers and velleting materialsg
on efficiency of Rhizobium with and without

B.megaterium in providing ere

cowpea (q/ha)

en fodder yield of

HMain
treatments _§gg;%reatnents Mean
P P I P, P
1 2 3 (3 5
301 151.5 185.0 227.5 172.5 205.,0 189.5
RCz 162.5 207 .5 237 .5 130.,0 245,79 206.5
RC4 160,0 177.5 247 .5 180.0 240.0 201.0
B’_BC,1 207.5 202.5 252 .5 185.0 242.5 218,0
R3G2 187.5 207.5 257.5 205.0 2L7.5 221.0
RBG3 162.5 172.5 245,0 207.5 250.,0 207 .5
RB_G4 182.5 190.0 215,0 205.0 2572.5 217.0
Mean 174.1 183.1 245.0 190.0 240.3
S.Ed. + 23,61

C.D.at 5% 47,22



distinct advantage as relleting material in as much as
phosphate acts as booster for stimulation of wicrobial
activities. The results presented in Table 28 describe

the effect of different carriers and pelleting materialsg

on efficiency of Rhizobiun (cowpea) alone and in combination
with B.megaterium in providing green fodder yields of cowpea,
Leaf mould and 'kanda' have been found t0 be superior
inoculum carriers along with pelleting materials (50 % gum

+ superphosphate,

Effect of inoculation by Rhizobium {cowpea) with and

without B.megaterium using different carriers on

cowpea drymatter yield:

Useful trends weres also obtained in terms of
overall increases in straw yields (Table 29 and Fig.3).
Leaf mould was found to be superior when Rhizobium(cowpea)

was used along with B.megaterium, and 'kanda! vroved best

for Rhizobium {cowpea) alone. Farmyard manure was found
to be inferior. Superior performance of 'kanda'! and leaf
mould as inoculum carriers indicates there utility as
base for Rhizopium (cowpea) as well as B.megaterium

cultures in improving the efficiency of inoculation,

Effect of pelleting materials on cowpea drymatter yield:

Superphosphate along with 50 par cent gum paste was
found superior as pelleting material 4o all other pelleting
materials individually as well as in combination (Table 30 and

Fig.4). Thus 'kanda' and leaf mould as inoculum earriers
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Table 29. BEffect of inoculation by Rhizobium {cowpea) and

Baclllys megateriun var. phosphaticum through
dif ferent carriers on straw yield of cowpea

(a/ha)
Cultures -————Capriers Mean
G1 02 03 Gi

R 41.28 50.43 55.12 11.54 AT .40
R B 54.03 55 .88 51.52 57.08 54.60
Mean 47.70 53.20 53«30 49.30

S.Ed. + 3.53

C.D.at 5% T.57

Table 30. Effect of different velle ting materials on straw
yield of cowpea (q/ha)

Treatments
P1 P2 P3 Pi P5
Mean 47 .2 3745 59.0 5.9 541.9
S.Ed. + 1.12
C.D.at 5% 2.24




Table 31. Bffect of different carriers and pelleting materials on

efficiency of Rhizobium with and without 3.megaterium

in providing straw (drymatter) yield of cowpea (a/ha)

Main . B

freatments 5 = Sgb—;geatnegtg = - HMean
1 2 3 4 5

RC, 48,26 48497 51.54 AT.5H2 55«86 50.43

R03 40.13 44,20 63.30 50.32 72 .00 55.12

RO4 - 37.60 37 .81 41.33 34 .56 56.40 5154

R3C, 68f47 57.71 5479 32,93 56426 54.03

RBCz 56.81 46.48 63,09 63 .55 4950 55 .88

3303 44,68 50.72 69.82 43.37 45.00 ' 51,22

RBC4 N I 49.59 71.03 60.88 62.12 57 .08

Mean 47.00 AT.50 53.00 45,90 54.90

5.Bd. +  3.36

C.D. at 5% 6.72






(inoculated with Rhizobium and B.megaterium) may become

effective with 50 per cent gum and superphosphate as
pelleting material. Results described in Table 31 also
prove superiority of leaf mould as inocculun carrier and

50 per cent gum + superphosphate as pelleting material.

Effect of inoeculation by Rhizobium (cowpez) with and

without B.negaterium using different carriers on

nitrogen uptake by cowpea:

Similar trends have been obtained in tzrms of the

effect of Rhizobium (cowpsa) with and without 3.megaterium

using four different carriers on nitrogen uptake by
cowpea (Table 32), On an average 'kanda' was found best
once agein when Rhizobium (cowpea) was used individually
where as leaf mould was material of choice when Rhizobium

(cowpea) was used along with B.megaterium; also inoculation

with Rhizobium (cowpea) alone was found less effective Ag

compared to Rhizobium (cowpea) along with B.megaterium.

These resulis suggest improvement in the efficiency of
nitrogen utilization when Rhizobium (cowpea) was used
along with B.megaterium. Bajpai et al. (1971) have also

reported that B.megaterium incculation improved yield,

phosphorus and nitrogen uptake.



Table 32. Bffect of inoculation by Rhizobium {cowpea) ani
Bacillus megaterium var. phosphaticum through
different carriers on nitrogen untake hy cowpez

(xg/ha)
Culturss 61 ' C{zlarri_._e_rsc?’ T, Mean
R 27.75  34.68  40.91  31.08  34.61
R 3 37.15 39.30 40,75 47 .04 41.06
Mean 32.45 %6.99 10,83 39,06
S.Ed, + 1.27

¢.D.at 5% 2.72

Pable 3%. Bffect of different pelleting materials on nitrogeun
uptake by cowpea (kg/ha)

Treatments
'P1 P2 P3 I’4 PS
Mean 32.49 _ 34,40 AT7.62 31.76 A0.40

3.Bd. + 1.414
c.D.at 5% 2.22




Table 34. Effect of different carriers and pelleting materials
on efficiency of Rhizobium with and without

B.negaterium in improving nitrogen uptake by cowpea

(kg/ha)

Main Sub-treatments
~treatments P1 _Pz TB 14 IB Mean

RC, 24 .00 29472 38.04 21.04 25.96 2&.75
G, 31.25 34 .45 40,59 29.58 37.56 34 .68
RC3 28.21 32.12 55462 35,29 53431 40.91
RC, 26.62 27.38 34,06 24 .36 42.98 31,08
R3C, 43.57 39.19 42,67 21.33 38.97 37.15
R3C, 38.41 31.94 50.73 41.72 3732 39.30
. RBC4 34 .50 39.61 57.T7 33.07 38.82 40,75
RBG4 33.39 40,80 61.49 47 .96 5160 4T .04
Mean 32.49 34.40 47 .62 31.76 10.40

S.Bd, £ 3.33

0.D. at 5% 6.66
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Effect of pelleting materials on nitrogen uptake by cowpeat

When the effects of different pelleting materials
on nitfogen uptake by cowpea are examined (Table 33),,
treatment 50 per cent gum and superphosphate was considered
good, The interaction between different carriers and vpelleting
materials indicate that 'kanda' was the best czrrier when %0
per cent gum arablc and superphosphate as pelleting material
were used along with Rhizobium (cowpea); leaf mould with
superphosphate was found superior %o other carriers when

Rhizobium (cowPea) along with.g.megaterium were used {Table 34).

Effect of inoculation by Rhizobium (cowpez) with =2nd without

B,negateriun on phosphorus uptake by cowpez:

Utilization of phosphorus was also infl uenced in a
gimiler manner =s that of nitrogen as is evident from data
presented in Table 35 and Fig.>. Kanda was found to he the
vest carrier followed by leaf mould, where as farmyard manure
was not considered as suitable inoculum carrier in terms
of phosphorus utilization. Higher phosphorus uptake by

cowpea was also the pattern when Rhizoblum (cowpez) along

with B.megaterium was used. These rasults corroborate the

earlier work reported.



Table 35. Effect of inoculation of Rhizobium {(cowpea) and

Bagillug megateriun var. phogphaticun through
different carriers on phosphorus uvptake by cowpea

(kg/ha)
Cultures 5 3 Carriegs . Mean
1 2 3 4
R 2.77 3.30 T 3.10 3.32
R B 3.568 3.9 4 .01 1,68 107
Mean 3.23 3.61 4 .08 3.39

B3+
D

S
C.,D.at 5% 0.264

0.128

Table 36. Effect of different pelleting materials on nhosphorus
uptake by cowpea (kg/ha)

— _Treatnents _
P1 P2 P3 P4 P5
S.Ed.+ 0.083

C.D.at 5% 0.166




Table 37. Effect of different carriers and pelleting materials
on efficiency of Rhizobium with and without
B.megaterium in improving phosphorus untake by cowpea

(kg/ha)
Main Sub~treatmen ts Moan
treatments ? - I - I
1 2 3 4 5
RC1 2.37 3 .01 3.79 2.06 2.58 2.77
RSZ 3.15 3.40 3.29 3.28 503}1[' 3-30
RC3 2.83 3.139 5.61 357 5.35 4114
RC}.{_ 2.66 2-74- 3-“'0 2-15 -'1—0?_6 3.10
3501 4.24 3.92 4421 2.10 3.8% 3.68
RBC, 3.81 3.19 5.04 15 3.38 3.91
3303 3.38 5.94 .72 3.19 %.81 4 .01
R8C, 5.25 4.08 6.19 1.58 5.13 4,68
Mean 3424 3.47 .66 3.719 397
5.2d. + 0.249

C.D.at 5% 0.498

- - — W — .



Effect of pelleting materials on_phosphorus uptake by cowpea:

Treatment comprising Superphosphate and 50 per cent

gull arabic was found the best in terms of performance

(Table 36), Studies on carriers and pelleting materials (Table 37)

indicate tpat ‘kanda' and leaf mould interact with Superphosphate

(using Rhizobium (cowpe=) with and without B.neg2terium),

The ovepall inerease obtained in terms of yield ana

uptake corroborate the work reportsd (Chhonkar ang Sub= Rao,

1967; Chhonkar and Iswaran, 1971; Iswaran st al.,1371a;

De-Polli gt 21.,1973; RZaeV, 1969; and Rancaswami and
1974)

forachan,



CHAFTER I

Bfficiency of inoculation with
Azotobacter chroococoum and
Baciilus megaterium var. phos-
haticun on thne yield and uptake
of nitrogen and phosphorus by
vheat




MATERIAL AND METHODS

The experiment was carried out %0 evaluate the

efficiency of bacterial inoculants, Azotobacter chroococcun

and Bacillus megaterium var. phosphaticum in improving

grain yield, dry matter, nitrogen and phosphorus uptake by
wheat crop under different levels of nitrogen and phosphorus

fertilization.

Experinent No.1 3

Efficiency of inoculation with Azotobacter

ehroococcun and Bacillug megaterium var. phosphaticun on

the yield and uptake of nitrogen and phosphorus by wheat.

X Location: Agronomy Farm of Rajasthan College of

agriculture, Udaipur. Soil characteristics of experimental

plot are given in Table 38.

Season Rabi, 1974

2

:

op Wheat (Triticum aestivum L.)

VYar. Shera

Design of Bxperiments Split - plot




Table 38. Chemical, physical and micro-biclogical analysis

of soil

pH

Electrical conductivity
Organie carbon

Olsen's available phosphorus
Calcium carbonate

Sand

Silt

Clay

Actinomycets counts

Bacteria counts

Fungi counts

8.2

0.9 mmhos/om

0.975 per cent

11.8 pon

3.10
43.50
24,00
32450

6.30

6.21
15 .60

per cent
per cent
per:centd
per cent
X 106/g
6
X 107 /g
X 103/g

Details of treatments:

Three levels of nitrogen and three levels of

phosphorus were assigned to nine main plots. 3ach aain

plot was further divided into four sub~-plots ccocnbalning

sub-treatments representing no inoculant, Azotobacter

chroococecun , 3acillus megateriun var. nhogphaticun and

Azotobazeter chroococcun + Bacillus megaterium VAP

phogvhaticum, respectively. Main treatments wers randomised

and sub-tréeatment among each main nlot was also randomized.



Main treatments were asg

1. NOPO -

2'N "_

60

. 3s Nyog -

4. P40 -

5. N60P40

7. P6O -

8. Ngokey

e Nys0Pe0

Size of grass -

Replication -

follows:

No fertilizer

60 kg nitrogen/ha

120 kg nitrogen/ha

40 kg PZOS/ha

60 kg N + 40 kg P205/ha
120 kg ¥ + 40 kg P205/ha
6C kg P205/ha

60 kg N + 60 ke P,0c/ha

120 kg N+ 60 kg P205/ha

5.0 X 1.0 m

Three

Total number of plots - 108

Details of inoculants:

Bacillus megaterium strain used in this experiment

was same as used in previous experimeuts. Azotobacter

2000 was obtained from !'Cultursa collection', division

of Microbiology, I.4.R.I., New Delhi-12 on 2gar slant ond

was maintained on nitrogen frec glucose medium (¥orris, 1959)

having the following composition.

Glucose -

KzﬁP04 -

MgSO4 -
OaGO3 -

NaCl -
Naéﬁoo4. -

Distilled water-

pH adjusted -

10.0 ¢
1.0 g
0.2 g
1.0 ¢
0.2 g
0.005 g >
100,00 ml
T+0



Sced inoccuation:

Material used for the inoculation were
(i) Jaggery 25 per cent

(ii) Gunm arabic paste 50 par cent

alongwith 5 days old culture (broth) of A.ghroococcum

containing 1 X 101009118 ver ml and 7 days old culturs
9

(broth) of B.megaterium having population of 1 X 107 cells

per nml,

Seed inoculation was carried out in the mannar

given below:

Gur slurry (25 %) was preparasd, after cooling
50 per cent gum arabic was added and mixed throughly. One
hundrad ml of lots of heavy suspension of culture were
poura2d to above mixture of gum and slurry with *horouch tixing.
Seeds of wheat thoroughly washed with distilled water were
immersed in inoculated slurry and dried. The ssads so
insculated were used for sowing. Most probnble number of

A.chroococcun and B.megaterium was determined using five

sceds taken randomly for serial dilution just before sowing
of seeds,

Following seed treatments were cArriad out:

Te NyPy

2. NyPqy + a.chroococcum

3. NOPO 3.megateriua

4. NyPy + Ad.chroocoogum + 3.mzgaterium




5.
6.
7.
8.

10.
11.
12,
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23,
24,
25.
26.
27.
28,
29.
30.
31,
32.
33,
34,
35.
36.

N, B,
N,B,
N, B,
N,B,
N>E
N,Fq
N> B,
NoFy
BoPy
NoFy

N, E,
NP,
NP,
W, P,
NP,
NP,
42y

N2P1

NQP1

N2,
NoPs

NoFo

NOP2

N, B,
NP,
NP,
Ny By

N2P2

NP,

N,Fp

+ ae.ghroococcum

B.megaterium

+ d.chroococeum + B.megaterium

-chroococeum

[=~ 0 1o

Jmegateriumn

a.chroococecun + B.megaterium

+ 4.chroococcun

+ B.megaterium
+ 4d.chroococcun + B.megaterium

=g

+ d.chroseosecun

B.magateriun
»Chroococcun + 3.megaterium

-l i

+ 4d.chroococcum

+ B.negaterium !

+ a.chroocogceun + B.megateriun i

+ 4.chrocegoccun

+ B.megaterium

+ a.chroococcum + ateritm

[

o
g
40

+ a.chroceoccun

+ B.negaterium

+ 4.chroococcur + B.megzaterium

+ A.chroococcum

+ Bumegnterium

+ d.chroococeun + 3.moegatcrium
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Preparation of field:

Field was prepared by ploughing and harrowing

followed by planking.

Faertilizer application:

4ll nitrogen and phosphorus was applied by drilling

at the time of sowing.

Sowing:
Sceds were sown by dibbling.

Harvesting and thrashing:

Crop was harvested a2t maturity plot-wise and
thrashed by small thrasher separately. Yield of grain as

well as straw were recorded.

Collection of samples:

Samples for grain as well as straw collected at

the time of thrashing were processed for chemical 2analysis

Statistical analysis:

The analysis of variance was conducted (Fisher,1950)
and comparisons among means wers made by calculating critieal
difference, The 'P' test was carried out to sze the significance

batween differences due to the treatments.

%t



METHODS

Methods used for soil and nlant analysis were

game as described in Chanter 1.



RESULTS AND DISCUSSION

The data on the affsct of nitrogen and vhosphorus
fertilization om grain yield are presented ina Table 39.
Grain yield significantly increased as 2 rzsult of nitrogen
fortilization. The yisld was significantly higher under
N2P2 treatnaont over other treatments. Lowsr yi:zlds from
control plot having no feftilization could b2 due to certain
s0il factors. Generally wh2at crop has shown ualversal
response to nitrogen fertilization throughout the Rajasthan
state (Jain et al.,1959; Mehta and Jaisinghani, 1962; Gandhi
et al,,1963; Jain et al.;]1963; Kala et al.,1963; ¥athur et al.,
1964; Gautan et al.,196%5; Singh and 1ar;ai, 196~ ; Shrotriya
ot al., 1966; Gandhi, 1967;Singh and 32tn1976; Sheptriya et al.,
1969; Bhardwaj ot al.,1969 and Gandhi and Nathzwat, 1968).
From results presented in Table 39 it is clear that apvlica-
tion of urea to wheat (Shera) variety has given significant
response upto 120 kg ¥/ha alone and with 60 kg P205/ha.}Work
of Arakeri et al. (1961), Parashar 2t al. (1963), Puntagker
ot al. (1965), Sharma et al. (1956), Huct-lebsy 2t al. (1971)
and Singh and Andersoﬁ’(1973) has claarlv indicated thet
nitrogen fertilization accounted for significant increase
in grain yield. also results from Table 39 indicate that
phosphorus fertiliz=tion provided significant response.

Interaction of nitrogen and phosphorus was also found to be



Table 39, Bffect of different jevels of nitrogen and vhosphorus
fertilization on grain yield of wheat q/ha

Po P, P, Mean
Ny 29,65 37.08 4737 38.03
N1 36.16 A8.41 50.37 14,98
Nz 51.79 5385 5725 54.29
Mean 33.20 46 444 51.66

3.8d.+  0.307
G.D.at 5% 0.651

Table 40. Effect of inoculation by A.chroocoooun with Aand

without B.megaterium on grain yield of wheat

(a/ha)

vl
"J

LN i
e e

Mezn 38.53

I
(S
-
0
(7]
r
§i]
RN |
N
L ]
AV
B

S.Bd.* 0.065
C.D.at 5% 0.130




significant (Table 39). It seems obvicus that NoP, level of
fertilization ig adequate. The results presented in Table 40

reveal that jnoculation by Azotobacter chroococeud with and

without g.megaterium improved grain yields of wheat.

Inoculation with A.chroococcul along with B.megaterium provéd

to be the best combination followed by jpoculation with

A.chroococcum. The highly significant difference batween

inoculated and noninoculated seeds could be assigned to

better environments created by A.chroococcud and B.osgaterium

in rhizosphere. The veneficial role of micro-organisms in
rhizosphere 1in improving orop yields has z1s0 been reported
by SundaraRao and Venkataraman (1963), Rovira and Bowen (1968)
and geveral other workers., Russians who were pioneers in the
field of bacterial fertilizzation {(as reviewed by Cooner,1959)

observed that Lzotobacterin not only imoproved yiclds to the

octent of 50-70 per ceut for many field crops (with average
increase in yield upto 10 per cent), but also produced TAA
o growth promoter and sntibiotics {acting against phytopathogens).
Lack of statistical scrutiny of Russian work led the Western
workers to qusstion the validity of such results. & number of -
workers in India and abroad have reported on the beneficial
offocts of bacterial fertilizers. Suaiara Rao 2% al. (1963)
reported increase of 10-15 per cent in °rop gields in field
trials although higher increase uoto 37 per cant in pot culture
wers recorded. AlsO Ridge and Rovira (1268), Brown and
Burlingham (1968), Patel (1962), Ridge (1970), Thakre 2ud

saxena (1972) Dolgova (1972), Srivastava and Mishra (1973),
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Thompson (1974) and Tatarova gt al. (1975) have reported
beneficial role of Azotobacter in increasing yields,

Increase in plant growth can be ascribed to the action

of Azotobacter in producing growth hormones in microbial
composts which are then embibed by the seed or in the
rhizosphere after the seeds have germinated. Rasnizina(1938)
showed that Azotobacter could form auxins. 3rown 2t al.(1968)
jetacted 0.15-1.0 micrograms of indole acetic ~cid per ml

of culture fluid. Vancura and Macura (1960) found that the
effect of adding t ml of Azotobacter culture Tluid to
gemminating seeds on agar was equivalent to the addition of

6 micrograms of indole acetic acid, but such quantitics were
never found in pure culture. Under natural soil conditions

it is possible that indole acetic acid 1is synthesisad in
greater quantities due to presence of some metabolie proiucts
(Smalii and Breshova, 1957). The persual of data vresented in
Taple 41 revealsd that the interaction between fertilizers and
inoculant was statistically significant. Hizhest yizld was

recorded when A.chroogoccum along with B.megaterium was used

under N2P2 fertilizer treatment whereas minimun yield w=2s
recorded for control plot receiving no fertilizer. Sen ef al.
{(1358) also reported incre=nse in the ayailability of phosphorus

duz to pressnce of nitrogenous fertilizers and rhosophobacterin.

Similarly Shamma and Singh (1371) have reported significant
effect of nitrogen and phosvhorus fertilization on zrain yield
and uptake of nitrogen and phosphoruss It is known that heavy

fertilization of nitrogen decreases gram positive and spore



Table 41. Effect of inoculation by A.chroococcum with and

without B.megaterium on grain yield of wheat

under different levels of nitrogen and phosphorus
fertilization (q/ha)

Main
treatments 3 §%Q;j;§§§3§§ts 3 Mean
0 1 2 3
Ny, 24.50 31.16 2770 36,00 29.66
PN 44,50 48,00 55.16 59.50 51.79
?1 28.80 39,50 450 15.50 37.08
N, 39.50 50,00 41.33 56.50 18441
I 38,50 54,00 41.50 55450 AT 37
¥, 7, 12,50 52,50 18,00 58,50 50.37
ﬁzrz 52.50 57,00 55 .50 54.00 57425
Mean 28.5% 16485 .S 5%.24
S.8d. + 0,586

C.D. at 5% 1,172



Table 42. Effect of different levels of nitrogen and phosphorus
fertilization on straw yield of wheat (a/ha)

-y g

B, P, P, Mean
Ny 44 .87 18.86 64.25 52,66
N, 52.96 66.37 7%.62 61,32
N, 71.75 70.62 84,25 75.54
Mean 59,86 61.95 74.04
S.Ed. + 0.261
¢.D.at 5% 0.553

Table 43. Effect of inoculation by a.

ehroocoeccun with and

without B.megaterium on straw yield of wheat(a/ha)

Treatments
Mean 55.44 67.55 60,00 73.70
S.Ed. % 0.161

C.D.at 5% 0.322




Table 44. Effect of inoculation by A.chroococcum with and without
B.megaterium on straw yield of wheat under different
levels of nitrogen and phosphorus fertilization {(q/ha)

Main Sub-treatments

treatments -BO RENE 31 Bg‘” 33 Mean
NoEo 40,00 47 .00 | 44450 18,00 44 .87
N, 46,00 56.50 49.00 60.33 52.96
N2 64,50 67.50 71.50 83.50 71.75
r, 38.00 54,00 44.00 59.50 418,86
N,P, 56.00 70.00 63,00 76.50 66.37
N,P, 59.00 77.50 64.50 81.50 70,62
2, 52.00 74.00 55.50 75.50 64,25
N, B, 65.50 764.50 70.00 82.50 73.62
NP, 78.00 85.00 78.00 96.00 84 .25
Mean 55.44 57.55 62.00 73.70
3,Ed. * 1.451

C.D. at 5% 2,902
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foming bacteria whereas actinomycetes and Azotobacter
population increased due £0 phosphorus and potassium
application in rhizosphere (Emmimath and Rangaswami, 1972).
High soil organic carbon content along with low available
phosphorus could be the reason for higher efficiency of

inoculants under N2P2 fertilizer treatment.

Useful trends were also obtained in terms of overall
increases in straw yields (Table 42). The trends found were
more or less similar to those for grain. Lowest yieslds were

found for NOPO fertilizer treatment, whareas ¥ P, fertilizer

2
treatment resulted in higher yields, Combination of Azotobacter

chroccoccun with B.megaterium was found to be the best

(Table 43). A.chroogcoccum alone was found better than

B.negateriun., These statistically significant differences in

straw yield indicate the potentiality of the entire overation

usging bacterial inoculants viz., A.chroococcum with and without

B.megaterium. It is interesting to note that B.nmegaterium

and a.chroococcum,when used alone provad superior to control

fron statistical point of view (5 per cent significant level),
Similar trends as of grain yield were observed for interaction

between fertilizer and bacterial inoculants viz.,A.chroococcun

ani 3.megaterium (Pable 44). Lower levels of fertilizer were

not helpful in increasing efficiency of bacterial inoculants.

Data presented in Table 45 revesaled that the uptake

of nitrogen was more or less reflacted in the order »f



Table 15. Effect of different levels of nitrogen and phosnhorus
fertilization on nitrogen untake by wheat (kg/ha)
By L P, Mean
Ny 50.74 62.78 86,12 66.5%
Ny 66.10 24.70 105.45 82.74
N, 102.78 115.75 ti2.51 120.31
Mean 73.20 91.07 111,357
S Edc i O--“‘l—66
C.D. at 5% 0,946
Table 46. Effect of inoculation by a.chroococcun with and
without 3.megaterium on nitrogen untaks by wheat
(kg/ha)
Treatments
B, 3, 35 By
Mean 73.89 97.02 85.77 111.20




perfomance of different treatments for grain and straw. Here
again N2P2 treatment was found superior (in terms of utilization
of nitrogen) to other treatments, When effect of bacterial

inoculants “i.ghroococcun and B.megaterium were examined

(Table 46), higher nitrogen uvtake was found under treatment
involving bacterial inoculations over and above the control

treatment. Here again the superiority of 3.megaterium along

with 4.chroococcun was discernible in terms of their efficiency

of utilization of nitrogen. The treatment involving A.chroococcun

with B.megaterium was found to be highly significant as

compared to control, This combination of A.chroococcum and
P i

B.megateriun was found to the best treatment for yields of

grain and straw as well as the utilization of nitrogen by

crop. This overall superiority of these inocculants can be
attributed to the fact that so0il of the cxperimentzal vlot

was having 0.957 per cent organic carbon. Interactions between
fertilizers and inoculants were found significant (at 5 p2r cent
level of significance) in temms of nitrogen utilization{Table 47).

When seeds were inoculatzd with A.chroococcum 2long with

B.megaterium under different fertilizer levels, trenendous

increase in nitrogen utilization was recorded upto ¥ols
treatment. Higher yields and nutrient untak: wes also reported

due to inoculations with 4.chroococcum ani B.msgaterium

Similar trends wers recorded by other workers (Menvina, 1956:
RKudashev, 1956; Uarova, 1956; Sen ot 2l.,1352; Kawpmova,1962;
suniara Rao and Sinha, 1963; Shestakova, 1963; Sundara Rao et al,,

1963 _;Sen Gupta and Cornfield, 1963; Paul,1966; Chhonkar and



Table 47,

Effect of inoculation by A.ghrgococcum with and
without B.megaterium on nitrogen uptake by wheat,
under different levels of nitrogen and phosphorus
fertilization (kg/ha)

8

Mai Sub-treatment

treahggﬁts BO B, il g;és 33 Mean
Ny, 40.36 54.27 = 46426 62,05 50.94
N, 52.56 70.26 59.54 82.04 66.10
N, 85.40 96.98 108,33 124,01  102.78
P, 46.03 69.79 55.25 79.64 62.78
N,P, 71.98 97.15 94.28  115.39 94.70
N B, 92,19 147.81 118,85 134,50  115.75
2, 66.01 102.69 70.56  105.23 86.12
NP, 84.24  119.84 85.39  132.25  105.43
N,B,  126.25 144,34  133.80  165.68 142,51
Mean T3 .89 97.02 85.77 111.20

S.Ed. £ 1.584

C.D.,at 5% 3.168
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Table 48. Effect of different levels of nitrogen and phosphorus
fertilization on phosphorus uvtake by wheat (kg/ha)

PO P1 P2 Mean
NO 4,92 6.91 10.52 7.78
N, 6.66 10,36 11.60 9.54
NZ 10.81 11,98 14.39 12 .42
Mean TeAb 3.75 12.17
S.3d.% 0.069

C.D.at 5% 0.148

Table 49, Bffect of inoculation by A.chroscoccum with and

without B.megaterium on phosphorus uptzke by wheat

(kg/ha)
Treatnents
30 B1 82 83
Mean T6T 10.21 9,24 11.82
S.24, + 0.0215




Suba Rao 1967: Bhurat and Sen, 1968; Taha gt al.,1969;
Bajpai et al.,1971; Mehrotra and Lehri, 1971; Kudzin et al.,
1971; Sharma and Singh 197%; Jain gt al.,1973; hzcon gt al.,
1973; aAndriyuk et al.,1973; Srivastava and Misra, 1973;

Thompson, 1974; Kanzaria, 1974 and Zalaback et al.,1975).

When effect of differ ent fertilizer treaiments
were examined for phosphorus utilization it was found that
highest phosphorus uptake was recorded under N2P2 fertilizer
treatment (Table 48), Data presented in Table 49 reveal that
higher phosphorus utilization was ascribad to ssed inoculation

with a.chroococoum along with B.megaterium; whereas, seeds

receiving no inoculant were found inferior in terms of

phosphorus utilization. Encouraging performance of B.megaterium

e ——————

and A.chroococcum seems to be due to the fact that wheat

rhizosphere under field conditions provides a better environ-
nent for activities of these nicro-organisms at all stages

of growth, This favourable situation might have provided
enough nutrient supply to the crop due to activities of

a.chroococeum and B.megaterium.

Similar trends were observed for interaction batwsen
fertilizers and inoculants in terms of phosphorus utilization
(Table 50). Fertilization with N,P, treatment was found suvsrior

along with inoculation with a.chroococcumn and B.megaterivm

over and above other treatments.

[ — A ™ 5 A



Tahle 50.

Effeot of imoculation by A.chroococcum with and
without B.megaterium on phosphorus uptake by wheat
under different levels of nitrogen and phosphorus
fertilization (kg/ha)

trbgzj;ents By 3 :)ﬂ eamEIBZ'S' 5, . Meam
NoBo 3,78 5.17 4 .66 6.06 4.92
N, 5.08 6.80 6.30 8.46 6.66
N, 8.61 9.56 11.55 13,27 10.81
P, 4.86 7.58 6.37 8.84 6.91
N2, 7.67 11.06 9.84  12.86 10.36
N,2, 8.93 12.45 12.29 14.23 11,98
B, 1.61 12.27 8.05 12.26 10.52
N, 9.62 12.21 10 .67 13.89 11.60
NyE, 12,91 14.50 13.59 16.55 14.39
Mean T.07 10.21 9.26 11.82

S_.Ed. i‘. 0019£L
¢.D. at 5% 0,388

31
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The overall increase in yield and nutrient uptake by
wheat under fertilization corroborate the work revorted
(Bek et é;.,1963; Yarashar and Singh, 1963; Hera ggvgl.,1971
. and Johnsodigz.gl.,19§3). Bfficiency of bacterial inoculants
was also found significant statistically and results obtained
seem akin to reported work (Sundara Rao, 1963b; Menkina, 1957;
Bhattacharya, 1953; Sen et 2l1.,1965; Irusalimskii and Bgoreva,
1963; Sperber, 1957, 19523; Bhurat and 3en, 1963; Tavlova,1973;
andriyuk and Mal'Tseva, 1973).
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GENERAL DISCUSSION

The technology behind the use of bacterial inoculants
needs to be developed in view of the fact that some useful
increases in the yield have been recorded by their usage(Coover
1959 ;Sundara Rao et al.,1963; Sharma and Singh, 1971 and
Kanzaria, 1974). The low cost improvements need examination
specially in the context of high cost of fertilizers., The
farmers in the poor income group often sesk substitutes to
fertilizers,and bacterial inoculants fit in well in %his,

Thus a case exists for the improvement of methodology of
bacterial fertilization with a view to provide a realistice

and scientific back ground for mass scale operation.

Use of Rhizobium was considered juite useful in the
past in the pre-independance era but subsequently with the
manufacture of inorganic fertilizers Rhizobium inoculation was
not practised. It is known that very useful imvrovement in
yields can be brought out merely by the use of Rhizobium.

Mass scale production of Rhizobium has scrious vroblems. Choice
of proper strain for particular crov is often couplsd with
problems connected with production. This is particularly true
when a substitute for peat base is to be found from various
organic sources easily available. Further th:2 vproblem connected

with survival of rhizobia in bacterial inoculants is very



important in providing the proper cultures for purposes of
inoculation. Reasons behind non popularization of cultures

in the past lies in the fact that poor quality cultures were
supplied to the farmers which led to improper inoculation.

and consequently caused little or no improvemant in yields,
Keeping these problems in view the present investigations were
started. The four sources used were farmyard manurs, coal
powder, 'kanda'andleaf mould. It is apparcnt from Tables 3,5,6,
8,9 and 11 that 'kanda' or leaf mould can bs used successfully
in maintaining good bacterial counts for mass scale production.
Results presented in Tables 3,5,6,8,3 and 11 show highest
counts for inoculants in 'kanda' followed by leaf mould.
However, counts were very low in famyard manure amd coal
powder based preparations and thus farmmyard manure and coal
powder are very much less effective in terms of survival of
inoculants. The effect of time is very clear on population
counts, Sizable improvement could be brought about over period
of four weeks., These findings are in conformity with those

of Burton (1967).

There are ample reasons to beliave that mass scale
nroduction of culture packets of Rhizobium svv. for mung as

well as cowpea and B,megaterium could easily bz carried out by

using these inoculum earriers (the transport of peat from
faraway places can be avoided), Some field trials have been
carried out in Udaipur region to demonstrate ths utility of

'kanda' as a base for comnercial purpose. Use of i.chroococcum




has also been suggested for improving crop yields., By and
large in scil areas rich in organic matter improvement

has been recorded. In the Udaipur region and aijoining
Madhya Pradesh and Maharashtra useful increase in yield

has been recorded by the application of azotobacter. In
states like Punjab, Haryana and other places where organic
watter levels are low, dzotobacter, performance has not been
found upto the mark (Goswami, 1976). It appears reasonable
to assume that in soils above 0.7 per cent organic carbon
(as in the present case in Udaipur) improvement in yields

is possible by the use of izotobacter chroococeum. In about

50 acres under operational research project Chittor, increase
in yields of the order of 2 q/hé aprears possible by the use

of 4zotobacter chroococcum {Saxena, 1976).

The improvementsin the yields are oftan most
remarkable when B.megateriun as phosphate solubilizer is
used along with Rhizobium ar 4.chroococcum. This useful
association appears to be the out come of production of
Vitamin Bypy Léd and Gytokinin by the organisms like

B.negateriun and a.chroococeum (Coppola et al., 1971; Vancura,

1961 and Brown, 1974). The results presented in Tables 12,14,26,

29,40 and 32, clearly indicate that inoculation with B.megaterium

along with 4zotobacter chroococcum or Rhizobium (mung) and

Rhizobium {cowpea) as provided inereass in yield of the order
of 11-38 per cent over by incculation with Rhizobium. This

indicates the technology is well in sight for improvement of



cerop yield using B.megaterium (phosphate solubilizer). The
Limited work has no doubt tried to places the use of
B.pegateriun at a better level but propoer selection of strains

may furtheraccentuate the useful role of B.megaterium as

phosphate solubilizer in association with Rhizobium (cowpea)

28 well as Rhizobium (mung) and Azotobacter chroococcum.

There appears a need for continuing research in isclation

of effective straius of 4zotobzeter chroocoscum, Rhizohium

and B.megaterium.

Wk K
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SUMMARY

A number of experiments were carried out to evaluate
the effect of some bases, pelleting materials and bacterial
inoculants on the over all yield and untake patterns for the

crops viz., mung (Phasgolus aureus), cownea (Vigna sinensis)

and wheat (Priticum asstivum L.). In all one laboratory

experiment and two field experiments have been under taken.
5 [

The relevant findings are listed below:

Survival of inoculants:

1. Mean survival of Rhizobiun (mung), RhiZobium

(cowpea) and B.megaterium was found significantly

greater in 'kanda'® upte psriod of four weeks.

2, Farmyard mamure amd cozl powder were found
inferdr.
Hung crops
1. Ths seed inoculation with Rhizobium (mung) with

and without 3.megaterium resalifed in significant

increagse in yieldl over vlots raceiving no culture,

2. Inoculation with Rhizobium (mung) along with

B.megateriun was found suveriocr over Rbizobium

(mung) inoculation in terms of yislds, and

nutrient untake by mung.



5

4.

Cowpea cropt

1.

2.

Se

Kanda and leaf mould were found suitable bases in

terms of nitrogen and phosphorus utilization by

mung .

Leaf mould was found quite effective carrier in

terms of nodulation.

Superphosphate along with 50 »er cent gum was
found very promising pelleting material in
providing better nodulation, yields and utilization

of nitrogen as well as phosphorus by mung.

The use of 25 per cent jaggery as coating material

was not found better than the nelleting materials.

Kanda and leaf mould were found suverior over
farmyard manure and coal powder in providing

better yields of cowpea.

Farmyard manure and coal vowder were found
inferior as inoculum carriers in affecting yields

and nutrient utilization by cowpea.

Pelleting with 50 per cent gum 2nd sunernhosphate
were found the best coating =2gents in terms of

ylelds, nitrogen and phosvhorus uptake by cowvea.



4. The combination of 3B.zegaterium with Rhizobium
(cowpea) brought good returns in terms of
yields and uptake of nitrogen and phosphorus

by cowpea.

5. Kanda and leaf mould were found suitable carriers
whan 50 per cent gum with suvernhosphate was used
as palleting material and provided better yields

and nutrient uptake by ccwpea.

6. Ths use of gyosum or sodium molybdats in nresence
of 50 per cent gum was not helpful in affzcting

yields as well as nitrogzn andi nhosphorus uvtake.

Wheat crop:

1. The highly significant differences were found
between inoculated and uninoculated seeds in tzms

of yield, nitrogen and phosphorus uptake by wheat.

2. Seed treatment with A.chroococcum 2and 3.megaterium

brought significantly higher yields, nitrogen

and phosphorus utilization by wheat.

3, Increases of 21.5 per cent, 15.4 per cent and
38 per cent of grain yields of whcat over control
were recorded as a result of a inoculztion with
A.chreococcun, B.megaterium and A.chroococeumn
along with B.megatarium, resvectively in the field

which is very rich in organic matter content(1.68 %),



4, The maximum yield were recorded for 120 kg N/ha + 60
kg E205 treatment whereas mininmum yield s were found

under NO?O (no fertilizer)treatment,

5. 3acillus megaterium inoculation resulted in higher

phosphorus uptake by wheat,

5. Yixing of A.chroococcum and 3.megaterium proved most

promising situation for boosting yields of wheat,

T. Overall better response of bacterial inoculants in
aailiorating yields as well as nitrogea and phosphorus

uptake, was obdserved.

3ased on the findings it is suggestzd that bacterial

fertilization can be practised using B.magaterium =2nd

seghroococcun for wheat and Rhizobium spn. and 3.megaterium

for mung and cowpea Ccrops.

3k 3 3
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Appendix I

BEffect of different carriers and time intervals on survival

of Rhizobium spp.(mung as well as cowpea) and

B.negaterium(x 109/g)

¥,5,3,

Source of a.f
variation e R?;zog%um Rhizobjun 3.megateriun

nung cownpea
Replications 2 DL.IDDT* D3.002%% iJ 20005
Carriers 3 D.03201% J.3366%* De2367%
Weeks 3 D.1545% De1723% DN.1152%
Carriers X 9 0.02394%* N.N232% D.01657*
weeks
Brror 30 0.07013 D3.707936 D .39028

*Significant at 5 percent level



spvendix II

Effect of Rhizobium (mung) with and without 3.mezaterium on grain,

straw yields, nodulation, nitrogen and phosnhorus untake, using
different carriers and pelleting materials

Source of MeS5.5, _

variation d.f. Grain Straw Nodule ¥itrogen Thosphorus
yield - yield Number uptake uptake

Replications 2 0.81 2.18 26 .73 6.99 N.24

Main Trea?n§nts 3 29,70#*2357 ,59% 791.393 AAD2,T1* AL DD

Sontrol v/s Rest 194.75 12576.772%  BO07.36% 2177390  219,43%

—la

Carriers 3 3.A16% 300, 00* 108.35% 1040 ,13% G.5T7*
Inoculum 1 31.31#3533,50% 515.15% 23%65,72% 95.14%
Carrier ¥ inoccu- 3 0,526 291.75* 161.,21% 3183, T2* 3.30%
lum

Brror 'al 16 1.115 11,62 21.00 26.74 N.21
Sub-treatments 4 9.92% 665 ,.64% 134 ,90% 1957 ,61% 134 .37*
Jaggery v/s 1 14.,56* 691,56% 54.15% 2093 ,30% 20.7T*
Pelletilization : : . _

Mixtur of Pellets 1 2.07 216.53% 123.14# 1.73 0.138%

v/s iv.of indivi-
dual pellets

Between indivi- 2 12.,5%3*% 377.21% 231.16% 2666 ,31% 2R3 ,60%
dual pellets

4 X B 32 0.975 42,20 31.79% 5T.25% 5.05%

Error 'b’ 72 2.735 3.55 6.30 12.71 N.13

#Significant at 5 per cent level



Appendix II1

Effect of Rhizobium (cowpea)with and without B.megaterium

yield and nitrogen and vhosphorus uptake by cowpea using
different carriers and pelleting matcrials

on

Source of d.f. MeS,3,

variation Green Drymatter Nitrogen Phospho-

' fodder uptake rus uptake
Replications 2 281.72 41.12 21.13 7.29

- *
Main treatmgnts 7 1697.07 522,9%* 560 ,52% 5.63%
Y %
Inoculun 1 8236.,03 1696.44% 1634 .33%  16,29%
Carrier 3 653.12 211.71 391.43%  3,98%
Carrier X Inocu- 3 622,12 552.,99%  355.02%  3.,71%
1um
Error 'a' 14 430,74 93.96 12,12 J.114
Sub-treatment(B) 4 24533,27#302.,77% 1095.03% ), 10%
I* *
Jaggery v/s Rest 1 423%99.22 561.20 ATTB% 5,200

* *

Mix.pellets v/s 1 259026.00 402.55 146,70% J.89%
av.of individuszl

pellets

Between pellets 2 15366.0; 125.07T* 16T7.77T* 13.69*
AxX B 23 527.34 235,93*%  112.92%  1.363*

Zrror 'b! 654 633.24 17.16 16,72 2.18

#Significant at 5 per cent level



Appvendix IV

Effect of inoculation by 4. chroococcam with and without
B.megatherium on phosphorus Gptake oF ~wheat under different

Tevels of nitrogen

and phosthorus fertilization

Source of _

O o vion d.f. o ¥.S.5. .
Grain Straw Witrogen Phosphorus
yield vield uptaize uptake

Replications 2 15.02 12.34 14,29 0,066
Main trea?m§nts 8 10%9,29%  1782,79%  1006Z,20% 108 ,670%
A

Nitrogen (N) 2 2397.55%  4645,64% 266559,42% 2%5,T2%

Phosphorus {P) 2 1409.38%  23%1,46%  12917.81% 185,89%

N=xP 4 171.11% 247.04% 335, 79% 6.470%

Brror 'a' 16 . 21.29 15.35 48,98 0,550

Sub-treatment(B) 3 998.62%  1762.89% 6844 ,62% 81.680%

by V/s D +b2+b3 - 1887.41% -2744.59%  11765.50% 154.17% -

Y2 ::f._____ ST o B
) v/s ® v 'g"f ' 75,85 770,67 1 1707,02° 12,38
| h3 €33 b1+b2 1 . 1032.59 1773.43 7061 34 77.81
AxB 24 21,98%  37.54 152, 40% 43,66
Brror 'b' - 54 3,10 18,96 18,22 0.14
\543 - #Sienificant a2t 5 per cent level
.1&.)
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dppendix v

Abbreviations used in thisg thesig

it

Rhizobium Spp.

Rhizobium + §.megaterigg

Carrier
Farmyard ananure

Coal powder

Cow dung eake (kanda)

Leaf moulg

Sexd coating with 25 % jaggery

Seed pelleting with gum 50 % and gsodium .
molyhdate

Seed pelleting with Zwn 59 % ang
Superphosnhate

Seed nelleting with gum 50 % ang 2y vsum
Seed pelleting with gun 50 % ang
mixture of (171:1) sodium molybiate,
Superphosvhate ang gyrsum,

Surface Sterilized seeg S

Seeds treateq with no bacterial cul ture

Seads treateqd withwﬁ.chrooooccum

Seeds trezted with‘ﬁ.megaterium

Seeds treated witp A.chrOOcoccum and

B.megateriuyn

L 2 2 ST



