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INTRODUCTION

The present level of oil production in India (5.7 mt)
is insufficient to meet the 0il requirement of 6 mt (Anon,
1994). It is estimated that India will require 9.6 mt of oil
by the turn of the century. This necessitates an

enhancement in the production of oil seeds.

Sesame is one of the oldest and important annual oil
seed crops of India. Enhancement of production of sesame
needs intensive cultivation. This requires the use of
chemical fertilizers and irrigation. The chemical
fertilizers which are based on non-renewable energy sources
are not only in short supply but also expensive. Excessive
use of chemical fertilizers may also affect the soil health
and may lead to a negative impact on soil productivity.
But, for sustainable agriculture, all our efforts should be
streamlined to protect and maintain the soil health. In
this context, now - a - days Dbiofertilizers are gaining
importance in agriculture. Results of research work
conducted elsewhere in India indicate that biofertilizers
can be applied as supplements to chemical fertilizers. But

not much work has been done in Kerala in this line.



Sesame, an important oil seed crop of Kerala, is
suitable for cultivation in the summer rice fallows. 1Its
inclusion in the rice based cropping sysfem'will help to_
improve the productivity of the crop, maximise the net
income and cost benefit ratioc (KaUu, 1991). In summer
rice fallows, the incorporated stubbles of previously
harvested rice crop may act as an energy source for the
growth and activity of micro - organisms. Hence, the use
of biofertilizers may give better results under such a
situation. With this background, an investigation was

undertaken with the following objectives.

1. To assess the possibility of using biofertilizers
(Azospirillum and Azotobacter) as a source of nitrogen

for sesame, grown in summer rice fallows.

2. To find out the effect of combination of chemical
fertilizers and biofertilizers on the growth, and yield

of the crop in such a situation.

3. To work out the nitrogen economy of sesame due to

integration of chemical and biofertilizers.
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REVIEW OF LITERATURE

Some of the major works conducted in India and abroad
regarding the various aspects of the biofertilizers,

Azospirillum and Azotobacter are reviewed hereunder.

1. Sesame in summer rice fallows

Sesame is an o0il seed crop suitable for summer rice
fallows of Kerala. Among the different rice based cropping
systems such as, rice-rice-~ daincha /cowpea /sesame/ fodder
maize/sho;t dpration rice/fallow, tried in Kerala, rice-
rice-sesame gave maximum net income, coggﬁhénefit ratio and
a positive P balance (KAU 1991). Sarkar and Shit (1991)
reported that sesame could be grown profitably in the
Gangetic alluvial scils of Eastern India as a catch crop in
summer rice fallows. Yadav et al. (1991) also reported that

sesame was mainly grown after rice crop during January - May

in West Bengal, Bihar and Orissa.

John and Nair (1990) observed that suitable plant
architecture of sesame for summer rice fallows was dwarf
stature with profuse branching, early flowefing and maturity
with a large number of capsules containing large sized
seeds. Sesame varieties namely Kayamkulam - 2 {Thilothama),

ACV-1 (Soma) and ACV-3 (Thilak) which are having similar



characters are recommended for cultivation in summer rice

fallows of Kerala- (Kau, 1993).
2. Azospirillum as a biofertilizer

Azospirillum is an aerobic, nitrogen fixing bacteria
which occur as an associative symbiont in the rhizosphere of
many crop plants in tropics. Its use as a biofertilizer was
reported by many workers. Azospirillum was found to
increase the growth and yield of many crops like rice,
wheat, maize, sweet potato, pulses, o0il seeds, fruit crops,
vegetables and some plantation crops (Venkateswarlu and Rao,
1983; Hill et al., 1983; Govindan and Purushothaman, 1985).

However, its activity is influenced by several factors.

2.1. Genotype

Lee et al. (1977) observed variations in the N fixation
rates in the rhizosphere of different rice varieties. The
" population of Azospirillum was distinctly more in the
rhizosphere of C4 plants than in C; plants (Purushothaman
and Menon, 1984}. There wasn't any specific association
observed between wheat varieties and Azospirillum species
(Indu Bala and Kundu, 1988). However, Yadav et al. (1992)
observed definite specificity with maize genotype and the

introduced Azospirillum strain. Wide variation was observed



between Azospirillum population and different pearl millet
cultivars (Purushothamaq and Govindarajan, 1993). The
seséme variety TMV-6, harboured significantly higher number
of Azospirillum population than other varities
tested namely, CO-1, TMV-3, TMV-4, TMV-5 (Ramanathan and

Prasad, 1993).

2.2. Temperature

The optimum temperature for N dependent growth by
Azospirillum has been found to be between 32°C and 42°C and
is similar to the temperature optimum reported for other N
fixing bacteria in tropics (Day and Dobereiner, 1976). It
was observed by Neyra and Dobereiner (1977) that fast growth
of Azospirillum was in the temperature range of 32-36°C and
maximum nitrogenase activity between 33-40°C. The " higher
incidence of Azospirillum in tropical areas has been
attributed to the high temperature requirement of these

bacteria (Van Berkum and Bohlool, 1980).
2.3. Light intensity

Effect of 1light intensity on the association between
maize and Azospirillum population investigated by Albrecht
et al. (1977) showed that it had only a small influence on N

fixation. However, Cohen et al. (1980). bbtained highest



acetylene reduction rates with high light intensities.

2.4. Soil aeration

Azospirillum is an aerobic microbe (Dobereiner, 1974).
Its survival was well established even under 1low oxygen
supply (Day and Dobereiner, 1976; Okon et al., 1976 a).
Nelson and Knowles (1978) obtained high rates of acetylene
reduction when the_dissolved oxXygen pressure was between

0.005 and 0.007 atmospheres.
2.5. So0oil pH

Azospirillum growth is best at a soil pH near
neutrality. Day and Dobereiner (1976) observed that N fixed
by Azospirillum was on the surface or within the root cells
where the specific pH could be met. Most of their growth
was reduced at pH 7.8 and very much limited above this range
tokon et al., 1976 a). However, occurrence of Azospirillum
species with appreciable N fixing ability has been observed
in acid sulphate soils with an extremely low pH of 3.2
(Charyulu and Rao, 1980) and also in alkaline and saline
soils with a pH of 8.2 to 8.8 (Purushothaman and Oblisami,

1985).
2.6. Soil organic matter

The number of Azospirillum cells was found to be



positively correlated to soil organic matter. Low organic

matter content severely affected associative N fixation
(Albrecht et al., 1981). Rhizosphere samples from soils
ammended by rice straw, exhibited higher rate of N fixation
than from unammended soils. In addition, rice straw
application @ 6 t/ha prevented the inhibitory effect of
application of fertilizer N on Azospirillum (Charyulu et
2l., 1981). Application of straw and Azospirillum resulted
in maximum nitrogenase activity in maize compared to
Azospirillum application alone (Hegazi et al., 1983).
According to Rangarajan and Subramanian (1993), there was a
significaﬁt increase in the population of Azospirillum when

inoculated along with green leaf manure and cowdung slurry.
2.7. Soil moisture

Soil moisture determined the efficiency of
Azospirillum establishment (Weir, 1980). Increasing the
moisture content in soil, upto field capacity maximised
nitrogenase activity df Azospirillum on sorghum roots
(Hegazi, 1983). A low but significant correlation existed
between soil moisture and nitrogenase activity of
Azospirillum (Wani et al., 1983). Dry conditions were

extremely deleterious to Azospirillum (Bhatt et al., 1991).



3. Effect of Azospirillum on crop plants
3.1. Growth

Subba Rao et al. (1980} reported an increased dry
matter production in paddy due to Azospirillum inoculation.
A significant increase in plant height (Sonoria et al.,
1982) and number of tillers per plant (Prasad and Singh,
1984) was observed in rice due to Azospirillum incoculation.
However, reports by Watanabe and Lin (1984) revealed that
Azospirillum inoculation either as seedling root dip or as
soil application did not increase the total dry matter
production of wet land rice. The plant height of rice too
did not show any variation due to Azospirillum inoculation

over control (Gopalaswamy et al., 1989).

Several workers reported that dry matter production in
wheat, due to Azospirillum inoculation (Kapulnik et al.,

1979; Subba Rao, 1979; Dobereiner and Baldani, 1981).

_ =
i —

Hegazi et al. (1981) observed a non significant increase in
height and number of tillers. However, Kapulnik et al.
(1981) observed a significant increase in plant height and
leaf length of wheat due to Azospirillum inoculation.
Experiments conducted by Zambre et al. (1984) in Maharashtra

and Padshetty et al. (1986) in Karnataka, showed that wheat

dry matter production increased with Azospirillum



inoculation compared to uninoculated control.
Dry weight of maize crop slightly increased due to
Azospirillum inoculation over uninoculated control (Kapulnik

1., 1979; Cohen et al., 1980; Nur et al., 1980 and Tilak

et

1., 1982). But Hegazi et al. (1983) reported 200 per

et
cent increase in plant dry weight of maize as a result of
Azospirillum inoculation. Straw ammendment with
Azospirillum recorded 343 per cent increase in plant dry
weight. However, Prabhakara and Rai (1991) in Bangalore and
Fulchieri and Frioni (1994) in Argentina observed no
éignificant effect on dry matter production of maize crop

due to Azospirillum inoculation.

Subba Rao et al. (1980) observed an increase in dry
matter production in barley due to Azospirillum inoculation.
However, a significant increase in plant height and leaf
length was observed in sorghum plants by Kapulnik et al.

(1981) when they were inoculated with Azospirillum.

Radder et al. (1969) observed an increase 1in plant
height of bajra when inoculated with Azospirillum, over
uninoculated control. Application of Azospirillum
significantly increased the dry matter production of bajra
(smith et al., 1978). However, in USA, Bouton et al. (1979)
observed only a non significant increase in.dry matter

production of bajra due to Azospirillum inoculation.
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According to Reddy (1981), though plant height and number of
tillers increased significantly, only a slight increase was
recorded in leaf area index of bajra when inoculated with
Azospirillum, over uninoculated control. Govindan (1982)
and Venkateswarlu and Rao (1982) revealed from their
experiments that a significantly higher biomass could be
produced by Azospirillum inoculation in bajra plants but
Smith et al. (1984) could obtain only a non significant
increase in the s%me. Gautam et al. (1985)‘ observed a
significant increase in the number of tillers per plant and
a slight increase in plant height at 30 DAS and 60 DAS when

inoculated with Azospirillum.

Cohen et al. (1980) and Jagatheesan (1984) observed an
increase in plant height, number of stems per m? and dry
matter production due to Azospirillum inoculation in

foxtail millet and finger millet respectively.

Sarig et al. (1986) observed that dry matter production
in chickpea and gardenpea was not affected by Azospirilium
inoculation. However, a significant increase in the same
was reported by Gallo and Fabbri (1990) and Menon and Pillai

(1994).

According to Subbian and Chamy (1984) the plant height
of sesame was not affected by Azospirillum inoculation.

However, the number of branches per plant showed a slight
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increase. Similar results were reported by Saravanan and
Sundaram (1991} in sunflower. Elango et al. (1995) obsgrved
thét-seed inoculation of sunflower with Azospirillum gave
higher germination per cent, seedling height and wvigour

compared to uninoculated control.

Konde and Patil (1993) reported a significant increase
in dry matter production of green chillies due to
Azospirillum inoculation over uninoculated control.
However, in onion, Subbiah (1994) observed no effect on dry

matter production due to Azospirillum inoculation.

The above review shows that Azospirillum inoculation
variably influenced the growth of crop plants, depending

upon agro-climatic situations.
3.2. Yield attributes and yield

Grain yield of rice increased due to Azospirillum
inoculation (Subba Rao, 1979; Natarajan et al., 1980; Subba
Rao, 1981). Number of productive tillers, number of grains
per panicle and grain yield increased in Azospirillum
inoculated rice plants (Prasad and Singh, 1984}.
Inoculation of Azospirillum along with fertilizer nitrogen
increased the yield and yield components of rice in an
experiment conducted at Tamil Nadu (Lakshminarasimhan and

Pannerselvam, 1951). Azospirillum inoculation through seed
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plus soil significantly enhanced grain yield of rice

compared to uninoculated control (Gopalaswamy et al., 1993).

In wheat plants, Azospirillum inoculation increased
grain yield (Kapulnik et al., 1979 and Subba Rao, 1979).
Application of farmyard manure plus Azospirillum increased
grain yield of wheat plants significantly (Lal and De,
1980). Kapulnik et al. (1981) observed an early heading and
flowering of Azospirillum inoculated wheat plants. A
significant increase in grain yield of wheat due to
inoculation of Azospirillum was reported py Avivi and
Feldman (1982), Reynders and Vlassak (1982), Rai and Gaur
(1982) and Dreesen and Vlassak (1984). Millet and Feldman
(1984) in Israel, observed a non significant increase in the
number of tillers per plant, number of grains per panicle
and grain yield and a significant increase in 1000 seed
weight of Azospirillum inoculated wheat plants over
uninoculated control. Experiments conducted at Maharashtra,
showed that grain yield of wheat was higher a£ all levels of
nitrogen (0,30,60,90,120, kg N/ha) when inoculated with
Azospirillum compared to corresponding uninoculated control,
with significant differences between each nitrogen levels
and 120 kg N/ha being superior among the levels (Zambre et
al., 1984). However, Padshetty et al. (1986) at Karnataka,

observed that Azospirillum inoculation could not bring about
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1

" any significant effect on grain yield of wheat.

Kapulnik et al. (1979) observed a non significant
increase in maize grain yield due to Azospirillﬁh
inoculation. However, a significant increase was recorded
over uninoculated control by Natarajan and Oblisami (1980).
Azospirillum inoculation gave higher grain yield of maize
over the range of 1/3Y% to 2/3T9 1evel of nitrogen
fertilization (Konde and Shende 1984). Srinivasan et al.
(1992) 1in Tamil Nadu and Yadav et al. (1992) in Bihar
observed a higher grain yield by Azospirillum inoculation in
maize. Fulchieri and Frioni (i994) in Argentina, reported
that seed yield of maize in Azospirillum inoculated plots
was 1.59 times greater than that in control where as
corresponding increase in the inorganic nitrogen fertilized

plots was 1.48 fold.

Subba Rao (1979) reported a general increase in grain
yield of barley due to Azospirillum inoculation. Tilak and
Murthy (1983) observed that inoculation of barley with
Azospirillum increased grain yield from 21.7 per cent to
25.9 per cent in hull less types and 11.6 per cent to 26.7

per cent in hulled types.

Subba Rao et al. (1980) observed 28.3 per cent increase

in grain yield of sorghum as a result of Azospirillum

inoculation over uninoculated control. Kapulnik et al.
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(1981) observed that there was an early heading and
flowering in sorghum plants due to Azospirillum inoculation.
Significant increase in 1000 grain weight and yield was
noted by Okon et al. (1981) under non irrigated conditions,
when sorghum plants were inoculated with Azospirillum.
Sarig et al. (1981), Subba Rao (1981) and Konde and Shende
(1984) reported higher grain yield from inoculated sorghum
plants. Similar results were reported by Prabakaran (1991)
where the yield increase in sorghum was 27 per cent over

uninoculated control.

Azospirillum inoculation brought apout significant
increase in the number of grains per panicle over
uninoculated control in bajra (Patil and Patil, 1970).
Significant yield increase in bajra due to Azospirillum
inoculation was reported by Smith et al. (1977), Kaushik and
Gautam (1980), and Purushothaman and Gunasekaran (1980).
Reddy (1981) and Govindan (1982) observed a significant
increase in the 1000 grain weight of bajra due to
Azospirillum inoculation. Reynders and Vlassak (1982) noted
a significantly higher number of grains per panicle in bajra
due to Azospirillum inoculation. But, Smith et al. (1984)
and Gautam et al. (1985) observed only a non significant
increase in grain yield by the same. 1In Rajasthan, Pareek
and Shaktawat (1988) also reported similar results. Seed

inoculation. with Azospirillum along with recommended dose
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of nitrogen fertilizer (50 kg N/ha) had increased the grain

yield of bajra by 38 per cent (Raghuwanshi, -1991).

Cohen et al. (1980) and Subba Rao et al. (1983)
observed increased grain yield in foxtail millet and finger
millet respectively due to Azospirillum inoculation. A non
significant increase in 1000 grain weight was observed in
finger millet due to Azospirillum inoculation by Jagatheesan
(1984). Yahalom et al. (1984) observed a significant

increase in grain yield of foxtail millet when inoculated

with Azospirilium.

In chick pea and garden pea, Sarig et al. (1986)
observed 29 per cent increase in number of pods per plant
and a significant increase in seed yield with Azospirillum
inoculation. However, there was no effect on the 1000 seed—

weight due to inoculation.

Subbian and Chamy (1984) observed that in sesame
experiments conducted at Coimbatore, highef number of
capsules per plant was obtained when farmyard manure was
added along with Azospirillum inoculation. A significant
increase in grain yield of mustard due to Azospirillum
inoculation was reported by Saha et al. (1985). Sreedhar et

al. (1988) alsc reported the same in sesame crop. Saravanan

and Sundaram (1991) observed that inoculation with



16

Azospirillum resulted in an yield of 1490 kg/ha against 950
kg/ha in uninoculated control. Ram et al. (1992} reported
an increase in 1000 seed weight due to inoculation though

the effect was not significant.

Sweet potato yield was found to increase due to
Azospirillum inoculation (Mortley and Hill 1990). Shinde et
al. (1991) and Konde and Patil (1993) reported significantly
higher yields in sugarcane and green chillies respectively
over uninoculated control. Significant increase in the
number of bolls per plant, boli weight and seed yield was
observed in Azospirillum inoculated cotton plants (Prasad

and Prasad 1994).
3.3. Quality

Azospirillum inoculation of wheat significantly
increased the N content of grains (Kapulnik et al., 1981).
However, Millet and Feldman (1984) observed +that
Azospirillum inoculation did not show any _effect on the
grain protein content when compared to nitrogen fertilized
plot. An Iincrease in grain protein content in rice was
observed due to Azospiriilum inoculation though the effects
were not significant (KAU, 1991 and Rangarajan and

Subramanian, 1993).

Seed inoculation with Azospirillum showed a non
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significant increase in nitrogen content of sorghum grains
(Kapulnik et al., 1981 and Okon et al., 1981). In
Rajaéthan, Pareek and Shaktawat (1988) found no effect on

the quality of pearl millet due to Azospirillum inoculation.

In mustard, Azospirillum inoculation had no influence

on protein content of seeds (Saha et al., 1985).
3.4. N, P and K uptake

Prasad and Singh (1984) reported that there was a
significantly higher uptake of N, P and K in Azospirillum
inoculated rice plants while the contents were comparable to
uninoculated control. Watanabe and Lin (1984) also observed
that there was no increase in N content of wet land rice

when inoculated with Azospirillum.

Azospirillum inoculation of wheat plants significantly
increased totallN content in plants (Kapulnik et al., 1981).
A non significant increase was observed in the total N
uptaké of Azospirillum inoculated wheat planté (Baldani et

al., 1986).

A slight increase in total N content of maize
inoculated with Azospirillum was obtained over control {Okon
et al., 1976 b and Nur et al., 1980). N uptake in maize was
increase@ by 18 per cent (Kapulnik et al., 1981) and total N

content by 157 per cent (Hegazi et agl., 1983) when
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inoculated with Azospiril_lum. When this was done along
with straw ammendment, 196 per cent increase in total N
.content was obtained. Experiments conducted at Bangalore
revealed that N and P contents in maize plants were
increased when treated with Azospirillum (Prabhakara and

Rai, 1991).

Significant increasé in total N content due to
inoculation was reported by Kapulnik gi al. (1981) in
sorghum plants. Pal and Malik (1981) reported that
Azospirillum inoculation contributed +o the N uptake of
sorghum to the extent of 5.8 to 19.6 kg N/ha. However, the
contribution of Azospirillum inoculation to the N needs was
increased by addition of farmyard manure @ 10 t/na. Sarig
et al. (1981) observed that N, P and K contents of sorghum
were increased due to Azospirillum inoculation. Pacovsky et
al. (1985) observed that the N uptake, P uptake and N

content of sorghum plants inoculated with Azospirillum were

comparable with those in plots fertilized with N alone.

Bouton et al. (1979) observed a non significant
increase in total N uptake in bajra due to Azospirillum
inoculation. Azospirillum in association with foxtail

millet increased total N content in plants by 50-~100 per
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1., 1980). Ciocco and Caceres (1994)

cent (Cohen et
observed an increase in total N uptake by foxtail millet due

to Azospirillum inoculation.

In mustard, Saha et al. (1985) observed that neither
Azospirillum inoculation alone nor in combination with
applied N could bring about any significant change in the N
content of grains but total N uptake was significantly
increased by Azospirillum inoculation alone. Azospirillum

inoculation in sunflower increased the N content in plants

over uninoculated control (Saravanan and Sundaram, 1991).

Expefiments conduéted at Maharashtra revealed that
Azospirillum inoculation did not significantly increase the
N content of green chillies. However, the N uptake, P
uptake and P content were significantly increased by
Azospirillum inoculation (Konde and Patil, 1993}. Menon and
Pillai (1994) observed that Azospirillum inoculation of
cowpea resulted in 33.1 per cent increase in shoot nitrogen
content compared to control. Subbiah (1994) reported that
Azospirillum inoculation in chillies increased the N and P
content(and significantly increased N uptake. Subbiah
(1994) reported that N, P and K contents in onion were

increased significantly.when treated with Azospirillum but

the P uptake alone was significant.
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The foregoing review reveals that the yield, quality
and N, P, K uptake of crop plants may be enhanced by

Azospirillum inoculation.
4. Azotobacter as a biofertilizer

Azotobacter is one of the well Kknown aerobic,
freeliving, heterotrophic nitrogen fixing bacteria, present
in’'the rhizosphere of crop plants. Bacterization of seeds
with Azotobacter is well known to improve the yield of a
wide range of field crops (Sundara Rac et al., 1963; Brown
et al., 1964; Gopalakrishnamoorthy et al., 1967; Patil, 1969
and Mishustin, 1970). Besides N fixation, it has the
ability to produce considerable quantities of antifungal
antibiotics, fungistatic compounds (Mishustin and
Schillinkova, 1972) and to secrete certain growth promoting
substances like auxins, gibberillins and cytokinins (Rosario
and Barea, 1975). Although inoculation with Azotobacter
could significantly increase yield, its performance was
generally inconsistent due to the complexitf of the system

(Shende et al., 1991).

4.1. Genotype

Varieties of the same crop differed in their ability to
colonise Azotobacter and in case of rice, each variety was
considered to be specific in harbouring Azotobacter in their

rhizosphere (Yoshida et al., 1973).
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4.2. Temperature

Iswaran and Sen (1958} reported that Azotobacter can
tolerate temperature as high as 45°C. However, Tilak
and Sundaram (1991) observed Azotobacter to be a typical
mesophilic bacteria and the optimum temperature at which

they multiplied better was between 25°C and 30°C.

4.3. Light intensity

Dhar and Seshacharyulu (1939) reported that population

of Azotobacter slightly decreased with increasing
light intensity. Under tropical conditions, where
sunlight 1is abundant, Azotobacter does not play a big

role in increasing the N status of soil and the effective
N fixation gradually decreased with increasing duraticn

of light intensity (Bahadur and. Sorabiji, 1970).

4.4. Soil aeration

N fixation by Azotobacter was inhibited due to higher
oxXygen tension (Meyerhoff and Burk, 1928). Being aerobic,
Azotobacter needed continuous supply of oxygen and its
needs were unique. At the same time it could also multiply

in microaerophilic conditions (Jensen, 1954}.
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4.5. soil pH

Subramoney (1950) reported that Azotobacter species
isolated from soils, with a pH range of 2.5-4.5 grew
equally well on media supplied with and without CaCOj.
Although 1Iswaran (1964) observed no correlation between N
fixation by Azotobacter and soil pH, Rasal et al. (1986)
found a neutral to alkaline soil pH good for their growth.
However, in Kerala, Azotobacter is 1isolated from the
karappadam soils of Kuttanad where the soils are highly

acidic.

4.6. Soil organic matter

Gaur and Mathur (1966) observed a beneficial effect of
humus on the growth of Azotobacter. Gaur et al. (1971)
reported that wheat straw stimulated Azotobacter population.
Monib et al. (1974) also observed that addition of organic
matter greatly influenced Azotobacter ahd other soil
microflora. Hardy and Havelka (1975) 'found that
availability of photosynthates was the key factor of N
fixation. However, Gupta and Tripathi (1986) reported that
organic carbon content of so0ils had no effect on

Azotobacter.
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4.7. Soil moisture

- 'Azotobacter cells required high humidity and their
moisture requirement resembled that of higher plants

(Mishustin, 1970).
5. Effect of Azospirillum on crop plants
5.1 Growth

Rangarajan and Muthukrishnan (1976) observed an
increase in plant height, number of tillers / plant and leaf
area in rice when Azotobacter was inoculated along with
application of farmyard manure. The-dry matter production of
Azotobacter inoculated rice seedlings was higher compared
to uninoculated coptrol. Prasad and Singh (1984) observed a
non significant increase in the number of tillers per plant

due to Azotobacter inoculation.

Patil (1969) reported that Azotobacter inoculated wheat
seedlings were twice as tall as that in uninoculated
control. Similar results were reported by Badgire and Bindu
(1976). The number of tillers /plant and leaf area were
comparable but a significant increase in dry matter
production was obtained due to Azotobacter inoculation in

wheat. Ghai et al. (1976) observed significant increase in

plént height in wheat due to Azotobacter inoculation whereas
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Dhillon et al. (1S80) observed a non significant increase
in its growth characters. Similar non-significant effects
of Azotobacter inoculation were reported by Zambre gt al.
(1984) 1in Maharashtra and Tomar et al. (1995) in Madya

Pradesh.

Dey (1972) observed an increase in dry. matter
production of Azotobacter treated maize plants over
uninoculated control, though the effect was not significant.
Moreover application of 50 kg N/ha plus Azotobacter
resulted in a significantly higher dry matter production
over 50 kg N/ha alone. Karthikeyan (1981) reported a
significant increase in plant height, leaf area index and
dry matter production of Azotobacter inoculated maize
plants. Seedling root dip with Azotobacter at the time of
transplanting improved the vegetative components over

control (Manoharan, 1989).

Wani and Rai (1980) reported an increased dry matter
production in sorghum due to Azotobacter inoculation over
uninoculated control. Experiments conducted at Akola,
revealed that the height and leaf area index of sorghum
plants were not significantly influenced by Azotobacter
inoculation. However, the dry matter production showed a

significant increase over uninocuated control (Nagre et al.,
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1990). A significant increase in germination was observed in
hybrid sorghum due to Azotobacter inoculation (Rasal and

Patil, 1993).

Oblisami et al. (1976 a) observed a non significant
increase in height of sunflower plants due to szotobacter
inoculation. Whereas Elango et al. (1995) reported a
significant improvement in germination per cent, seedling

height and vigour of sunflower over uninoculated control.

Brown and Carr (1984) reported an increased dry matter
production in lettuce during the early stages of growth when
inoculated-with Azotobacter. Singh (1984) observed higher
dry matter production in sugarcane due to Azotobacter
inoculation. Thakre et al. (1992) observed increase in

plant height, number of branches / plant and leaf area index

in bhindi due to Azotobacter inoculation.
5.2. Yield attributes and yield

Mehrotra and Lehri (1971) reported that Azotobacter
inoculation did not increase rice vyield. However,
significant increase in rice yield by Azotobacter
inoculation was reported by Rangarajan and Muthukrishnan
(1976). They also observed that the number of productive
tillers / plant and the number of grains / panicle were

increased significantly over uninoculted control. However,
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only a slight increase Wwas noticed in the number of
grains / panicle, productive tillers, 1000 seed weight and

grain yield due to inoculation.

Raé et al. (1963) and Badgiri and Bindu (1976) observed
an increase in grain yield of wheat due to Azotobacter
inoculation. A slight increase in the number of grains /year
and a significant increase in grain yield of wheat due to
Azotobacter inoculation was reported by Ghai gL.g;. (1976) .
Though at Hyderabad, Ready (1981) obtained a significant
increase by Azotobacter inoculation in the grain yield,
Singh et al. (1981) found no advantage due to Azotobacter
inoculation in wheat over chemical N fertilizer. Palarpwar
(1983) and Zambre et gi. (1984) also reported incfeased
grain yield of wheat due to Azotobacter inoculation. However
Ssharma et al. (1987) observed that Aﬁotobacter inoculation

couldn't replace the chemical fertilizer alone in wheat.

Singh et 1. (1981) observed no advantage of
inoculation of maize with Azotobacter, whereas Mancharan
(1989) found that the yield components of maize were

increased due to Azotobacter inoculation.

Shetty et al. (1976) and Bhargava et al. (1981)

observed a significant yield increase with Azotobacter

inoculation in ragi and bajra plants respectively over



27

uninoculated control. But , Yahalom et al. (1984)
observéd no significant effect an tﬂe gréin yield of
Azotobacter inoculated foxtail millet. Naik and Dhagat
(1957) revealed from their experiments that Azotobacter
alone or in combination with farmyard manure did not

increase the yield of kodo millet.

Sundara Rao (1965) reported that inoculation of
Azotobacter in combination with fertilizer is effective in
producing more kappas yield of cotton. Application of
Azotobacter with or without farmyard manure increased the
yield of cotton in rainfed black cotton soils of Tamil Nadu
(Pothiraj, 1979). Increased. yield of cotton by A=zotobacter
inoculation was also reported by Kundu and Gaur (1980) and
Malik et al. (1994).° An increase ‘in the number of
bolls / plant, boll weight, kappas and seed yield.of cotton
was observed by Prasad and Prasad (1994) due to Azotobacter

inoculation.

Arunachalam.and Venkatesan (1984) and Subbian and Chamy
(1984) reportéd that seed yield of sesame was increased due
to Azotobacter inoculation. Under field conditions, Agarwal
(1985) and Saha et al. (1985) cbserved 35-60 per cent yield
increase in mustard, by Azotobacter inoculation. Azotobacter
inoculation increased the seed yield (52 per cent) of

mustard significantly though the number of pods / plant,
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number of seeds / pod and 1000 seed weight showed only a

marginal increase (Singh and Bhargava, 1994).

A significant increase in yield was observed 1in
Azotobacter inoculated cabbage plants (Brown gt al., 1964).
However, Mehrotra and Lehri (1971) reported no significant
effect due to Azotobacter inoculation in cabbage, tomato and
brinjal. An yield inecrease of 39 per cent in chillies was

observed by Shetty et al. (1976) due to Azotobacter
et

al. (1992) observed an increase in

inoculation. Thakre

yield of bhindi plants when inoculated with Azotobacter.

5.3. Quality

zambre et al. (1984) observed an increase in protein
content of wheat grains due to Azotobacter inoculation over
uninoculated control from experiments conducted at
Maharashtra. N concentration of sorghum grains increased

slightly with Azotobacter inoculation at Akola (Nagre et

1., 1990}.

5.4. N, P and K uptake

Rao et al. (1963) and Ghai et al. (1976) observed an
increase in N and P uptake by Azotobacter inoculated wheat
plants. In maize plants, Karthikeyan {(1981) observed an

increased N and K uptake due to Azotobacter inoculation. N,
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P and K uptake by Azotobacter inoculated rice plants was
éignificantly higher though the N, P and K contents were
almost comparable to uninoculted control tPraséd and Singh,
1984). In sugarcane, the N content was significantly
increased with Azotobacter inoculation (Singh, 1984). Nagre
et al. (1990) observed that N content and N uptake were

increased due to Azotobacter inoculation in sorghum plants.

The above review reveals that the growth, yield and

quality of crops may be enhanced by Azotobacter inoculation.

6. Effect of Azospirillum/Azotobacter inoculation on

6.1 Nitrogen economy

In rice, Oblisami et al. (1976 b) reported that the
number of grains / panicle, 1000 grain weight and grain
yield obtained with Azotobacter inoculation plus 75 per
cent of recommended dose of fertilizer N were comparable to
that of application of cent per cent fertilizer N. But
significant yield increase was noticed when Azotobacter was
inoculated along with cent per cent fertilizer N. Jeyaraman
and Ramiah (1986) observed similar results with Azospirillum
regarding yield components of rice from experiments
conducted at Madhurai. However, the grain yield was
significantly higher when Azotobacter was inoculated along

with 75 kg N/ha but comparable when inoculated along with 50
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kg N/ha, over the recommended level of 100 kg N/ha alone.
Similar results were also reported by Purushothaman (1988)
and Gopalaswamy et al. (1989). Kumar and Balasubramanian
(1989) observed that Azospirillum incculation in nursery and
main field of rice could save 25 to 50 per cent of
fertilizer N without reducing grain yield. Kandasamy et al.
(1991) reported that beneficial effect of Azospirillum in
increasing rice grain yield was ﬁore pronounced when
inoculated along with application.of fertilizer N @ 75

kg N/ha.'

Dhillon et al. (1980) observed a saving of fertilizer
N upto 7 kg/ha in wheat crop on inoculation with
Azotobacter. Karthikeyan (1981) reported that grain yield
of maize cbtained with 100 per cent of recommended dose of N
(135 kg/ha) without Azotobacter inoculation was on par with
75 per cent recommended dose of N (101.25 kg/ha) with

Azotobacter inoculation.

Field experiments with sorghum revealed that
Azospirillum inoculation with 75 per cent of the recommended
dose of fertilizer N increased grain yield (Smith et al.,
1978). Field experiments all over India revealed that mean
increase in grain yield of sorghum due to Azospirillum
inoculation over uninoculated control was équivalent to that

-~

obtained by the application of 15-20 kg N/ha (Subba Rao et
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al., 1980). In sorghum, grain yield obtained with 66
kg/ha of fertilizer N plus Azospirillum inoculation was
almost equal with 100 kg fertilizer N/ha alone (Desale and
Konde, 1984). In Rajasthan, Porwal and Singh (1989)
observed in sorghum that 40 kg N/ha of fertilizer N plus
seed and soil inoculation with Azospirillum gave a grain
yield on par with 80 kg fertilizer N/ha alone, giving a
maximum net income of Rs. 7157/ha and a cost benefit ratio
of 1:2.3. Thus 40 kg N/ha could be saved by Azospirillum
inoculation without significant reduction in grain and straw
yield of sorghum. Azospirillum or Azotobacter inoculation
in sorghum had increased grain yield by 25 per cent over
uninoculated control which saved 20 kg N/ha in Maharashtra

(Raghuwanshi et al., 1991)}.

Purushothaman et al. (1979) observed similar results in
pearl millet with Azospirillum inoculation. Muthukrishnan
et al. (1981) reported that Azospirillum treatment along
with 75 per cent of recommended dose of fertilizer N in
finger millet produced yield comparable to full dose of

fertilizer N alone.

In sunflower, Oblisami et al. (1976 a) observed a
significant yield increase , when 75 per cent of the
recommended fertilizer N plus Azotobacter inoculation was

compared to 100 per cent fertilizer N, thus saving 25 per
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cent N fertilizer. Seed yield of cotton was significantly
increased due to Azospirillum inoculation which saved 25-30
kg fertilizer N/ha (Purushothaman and Gunasekaran, 1981)._
Arunachalam and Venkatesan (1984) at Coimbatore observed
that the application of 15 kg fertilizer N/ha plus
Azospirillum in sesame, produced similar grain yield as
that obtained with 30 kg fertilizer N/ha, the full
recommended dose, indicating the possibility of reducing 50
per cent of fertilizer N. Subbian and Chamy (1984) reported
a 25 per cent saving in the ;ecommended dose of fertilizer
N (30 kg/ha) in sesame, when Azospirillum or Azotobacter

was inoculated along with fertilizer N.

Similarly at Karnal, 25 per cent (37.5 kg/ha) of the
recommended dose of fertilizer N could be saved if
Azospirillum or Azotobacter was inoculated either on setts
or in the soil, in sugarcane, along with fertilizer
application (Misra and Naidu, 1990). They also feported
that Azospirillum or Azotobacter inoculation'along with 100
per cent ‘inorganic N produced sugarcane yield which was
statistically superior to 100 per cent inorganic N alone.
Durai and Mohan (1991) reported that application of 225 kg
fertilizer N/ha plus Azotobacter inoculation gave superior
cane yield compared to 275 kg fertilzer N/ha alone. Kumar

and Lakshminarasimhan (1993) from their experiments
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conducted in Tamil Nadu also revealed that 25 per cent of
recommended dose of inorganic fertilizer N could be

substituted with Azotobacter inoculation.

Oblisami et al. (1976) reported that. -tuber yield of
sweet potato obtained by Azotobacter inoculation along with
50-75 per cent of recommended dose of fertilizer N was
comparable to that obtained by application of cent per cent
fertilizer N alone. Experiments conducted at Tamil Nadu in
brinjal by Sivakumar et al. (1991) revealed that treating
with Azotobacter plus 30 kg fertilizer N/acre produced 7.21
per cent more yield than 40 kg fertilizer N/acre without any
inoculum. Subbiah (1994} reported that 75 per cent of

inorganic N plus Azospirillum 3inoculation gave comparable

yield with 100 per cent chemical N alone in green chillies.

The above review shows that Azospirillum or Azotobacter
as a bicfertilizer can partially substitute the inaorganic
fertilizer N needs of crop plants without any adverse effect

on seed yield.
6.2 Soil fertility status

Yahalom et al. (1984) reported that N content of soil
was not affected by Azospirillum inoculation of Setaria
italica in Netherlands. In experiments conducted at West

Bengal, Saha et al. (1985) observed a significant increase
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in total N content of rhizosphere soil (16.7 %) due to
Azospirillum inoculation in mustard over uninoculated
control at 40 DAS while no such effect was found at harvest.
Subramaniam (1987) reported that available N, P and K
contents of the soil were not influenced by treating rice
plants with Azospirillum. Azospirillum inoculation promoted
mineralisation of organic matter in the rice fields of
Kumarakom, Kerala (KAU, 1991). In sunflower plants
inoculated with Azospifillum, the available soil N was found
to increase (Ram et al., 1992). A significant increase in
N, P and K contents in soil were observed by Rangarajan and
Subraﬁanian (1993) due to inoculation of A=zospirilium in

rice plants along with application of farmyard manure.

Available N and 6rganic carbon content of soil were
increased due to Azotobacter inoculation in maize plants
{Karthikeyan, 1981}. Sharma et al. (1987) observed that
available and total N contents of soil increased due to

inoculation of wheat plants with Azotobacter. N
6.3 Microbial count

Vancura and Macura (1959) observed an increased
Azotobacter population in the rhizosphere of inoculated
plants of oats, barley and wheat. However, a decrease 1in

its population was observed towards harvest in sugarbeet
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1., 1964). Significantly higher number of

{Brown et
Azotobacter population was observed in inoculated maize
rhizosphere over uninoculated control, while only a slight
increase was observed when supplemented with 50 kg inorganic
N/ha compared to application of 50 kg inorganic N/ha alone.
Maximum population was observed at the tillering phase of
the crop (Dey, 1972). Shetty et al. (1976) also observed
the maximum Azotobacter population in the rhizosphere of
rice, ragi and chilli plants during vegetative phase and the
population was almost negligible at harvest. Kundu and Gaur
(1980) reported that the Azotobacter population increased
significantly in cotton plants when inorganic fertilizers

were added along with biofertilizer, showing a synergistic

effect on its multiplication over control.

Hegazi et al. (1981); Subba Rao (1981); Saha et 'al.

(1985) and Yadav et al. (1991) observed an increase in
Azospirillum population in the rhizospheres of inoculated
wheat, sorghum, mustard and maize plants. Ramanathan and
Prasad (1993) reported that -Azospirillum population was
maximum in the rhizosphere of sesame plants at 25 and 50 DAS
and declined by the time of harvest. The population was
maximum during flowering stage. Azospirillum inoculation
along with farmyard manure or green leaf manure further

contributed to the increased Azospirillum counts in rice

rhizosphere (Rangarajan and Subramanian, 1993).
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The foregoing review indicates that the population of
Azotobacter and Azospirillum in +the rhizosphere of crop
plants can be increased by their inoculation and maximum

count is at vegetative phase of crop growth.
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MATERIALS AND METHODS

A field experiment was conducted during the summer
season of 1995 to evaluate the effect of biofertilizers on
the growth, yield and nitrogen economy of sesame grown in
summer rice fallows. The details of materials used and the

methods followed are presented below.
1. Experimental site

The experiment was conducted in the rice field of the
Agricultural Research Station, Mannuthy, Kerala Agricultural
University. It is located at 12° 32'N latitude and 72°20'E

longitude and at an altitude of 22.25 m above MSL.

1.1. Soil

Soil of the experimental site was sandy loam.
Physical, chemical and biological properties'of the soil are

presented in Table 1.
2. Season

The experiment was conducted during the summer season
(January -~ April) of 1995. The weather data are presented

in Fig. 1 and Appendix - I.
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3. Cropping history of the field
The experimental site was under rice crop during the
previous two seasons.
4. MATERIALS
4.1. Variety

The variety used was Thilak, a new high yielding stable
sesame variety, evolved by pureline selection from North
Kerala (Malappuram) type. It is a branching type which

matures in 80-85 days.
4.2. Seed material

Seeds of the variety Thilak was obtained from Rice

Research Station, Kayamkulam.
4.3. Biofertilizers

Acid tolerant strains of Azospiriliﬁm and Azotobacter
were obtained from College of Agriculture, Vellayani and

Tamil Nadu Agricultural University, Coimbatore respectively.
4.4. Manures and chemical fertilizers

Cattle manure € 5 t/ha and chemical fertilizers, urea,
mussoriephos and muriate of potash 8 30:15:30 kg NPK/ha

were used.
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4.5. Lime

5. METHODS

5.1. Lay-out and design

with 3 replications.

5.1.1. Treatments

Lime was applied @ 600 kg/ha

+

-+

=+
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The experiment was laid out in randomised block design

The 14 treatments included in the experiment are as

50% N as urea with lime

50% N as urea without lime
25% N as urea with lime
25% N as urea without lime
No inorganic N with lime

No inorganic N without lime
50% N as urea with lime
50% N as urea without lime
25% N as urea with lime
25% N as urea without lime

No inorganic N with lime

follows.

Ty - 30 kg N/ha as urea (Recommendéd dose)
T, - Azospirillum inoculation
T4 ~ Azospirillum inoculation
Ty - Azospirillum inoculation
Ty — Azospirillum inoculation
Tg - Azospirillum inoculation
T, - Azospirillum inoculation
Tg - Azotobacter inoculation
Tg - Azotobacter inoculation
Tqg- Azotobacter inoculation
Tqq- Azotobacter inoculation
Tqo- Azotobacter inoculation
Tq3- Azotobacter inoculation

+

No inorganic N without lime

Tq14- Absoclute control - No biofertilizers and no inérganic N



Fig. 2. LAYCUT PLAN
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5.1.2. Plot size

Gross plot size : 4 m X 4.5 m.

Sampling area : 0.5 m strip along the 4.5 m side
inside the border area

3.5 mx 2.5 m

Net plot size

The layout plan is given in Fig. 2.

5.2. Field culture

The field was ploughed well and harrowed with a
tractor. After incorporating the required quantity of cattle
manure, the soil was brought to a fine tilth. Then the
field was levelled and 1laid out into 3 blocks each with 14
plots. Lime was applied in the plots according to the
treatments and incorporated into the so0il one week before

sowing. The fertilizers were applied completely as basal.
5.3. Seed treatment

Seeds were treated separately.with Azotobacter and
Azospirillum cultures on the day of sowing. The cultures
were mixed with starch solution and the slurry thus obtained
was poured over the seeds. This was then thoroughly hand
mixed and dried under shade fof about half an hour. The

cultures were inoculated € 600 g/ha.



5.4. Sowing

-

The treated seeds were sown broadcast uniformly in the
plots after mixing with sand on 19th January, 1995. Seeds
were sown @ 5 kg/ha and covered with soil, by pressing with
a wooden plank. Light irrigation was given for 2 days after

sowing so as to ensure uniform germination.

5.5. After cultivation

Thinning and intercultural operations were done as per

the package of practices recommendations (KAU, 1993).
5.6. Irrigation

The plots were irrigated at the flowering stage of the

crop.
5.7. Plant protection

Plant protection measures were taken as and when
required. Leaf eating caterpillars and plant hoppers were

controlled by spraying 0.05 per cent Monocrotophos.

5.8. Harvesting

Harvesting was done at 86 days after sowing. Plants
were uprooted, tied into small bundles and stacked for 3 to

4 days. Then these were spread in the sun and the seeds
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were separated by beating with sticks. This was repeated
until all the seeds were separated. Seeds were cleaned,

sundried and weighed.
5.9. Observations
5.9.1. Growth characters

Observations on growth characters were taken from 10
random plants in the net plot at 30 DAS, 60 DAS and at

harvest.

(i) Height of plants
Height was measured from the ground level to the

growing point and mean plant height was expressed in cm.

(ii) Number of branches / plant-

Number of branches in each plant was counted and the

average recorded.

{iii) Leaf area index
Leaf samples were taken from 5 plants uprooted from the
destructive sampling area. The area-weight
relationship was worked out and the leaf area index

~

(LAT) was calculated using the formula,

Leaf area / plant

Land area occupied / plant



{iv) Dry matter production

‘From each plot, 5 plants were collected from the
destructive sampling area. The plants were removed by
cutting at the ground level. It was dried at 80°C to
a constant weight and the average weight was recorded

in grams.

5.9.2. Yield attributes and yield

These observations were made on the same plants from

which growth observations were taken.

(i} Days to 50 per cent flowering
After commencement of flowering, the crop was observed
daily and the number of days taken for 50 per cent

flowering was recorded.

(ii) Number of capsules / plant

Total number of mature capsules on the observation

plants were counted and mean number recorded.
(iii) Weight of capsules / plant

Capsules of observation plants were dried, weighed and

the mean weight recorded.

43
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(iv) Number of seeds / capsule

Number of seeds in 10 capsules were counted and the

average recorded.
(v) Seed to capsule ratio (Shelling percentage)

samples of 10 capsules were drawn and weighed. Weight
of seeds obtained from these capsules was recorded and

expressed as shelling percentage.
{vi) 1000 seed weight

samples of 1000 seeds were taken randomly from each

plot, weighed and expressed in grams.
(vii) Seed yield /ha

seeds obtained from each net plot were sundried to 9
per cent moisture, weighed and the seed yield / ha was

calculated.
5.9.3. Quality factors
(i) Protein content of seeds

protein content of seeds was worked out by multiplying
nitrogen content of seeds with the constant 6.25

(simpson et al., 1965).

i



ﬂii} 0il content

0il content of seeds was determined ﬁsing cold

percolation method (Kartha and Sethi, 1957}.

5.9.4. Soil studies

Soil samples were analysed for available N, P and K

before and after the crop. Methods used were as follows:
(i) Available N

Alkaline permanganate method (Jackson, 1973)
(ii) Avaiiable P

Available P in soil was extracted by Bray-I extractant
and P content was determined by ascorbic acid blue

colour method (Watanabe and Olsen, 1965).
{iii) Available K

Available K was extracted by neutral normal ammonium
acetate and was read in EEL flame photometer (Jackson,

1973).
5.9.5. Uptake studies

N, P and K uptake by the crop was estimated at 30 DAS,

60 DAS and at harvest. From each plot 5 plants were
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collected from the area left for destructive sampling. N, P
and K contents in the samples were determined by the

following methods.
(i) Nitrogen '

Microkjeldahl method (Jackson, 1973}
(ii) Phosphorus

Vanadomolybdophoéphoric yellow colour method-Spectronic

~ 20 (Jackson, 1973).
(iii) Potassium

Triple acid extract method using flame photometer

(Jackson, 1973).

Values of nutrient content were multiplied by dry

matter production to obtain nutrient uptake.

5.9.6. Microbial studies

Population of microbes in the rhizosphere soil were
determined initially, 30 DAS, 60 DAS and at harvest using
the following methods.

(i) Azospirillum - Maximum probable number (MPN) technique

(Cochran, 1950) using nitrogen free
bromothymol blue (NFB) medium.
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(ii) Azotobacter - Dilution plate count technique (Pramer
and Schmidt, 1966) using Waksman No. 77
agar medium.

5.9.7. Statistical analysis

The data were subjected to analysis of variance and the
significance was tested by F test (Panse and Sukhatme,

1985).
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Table 1. Physical, chemical and biological properties of the soil in
the experimental field.
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A. Physical properties

Mechanical analysis Robinson’s International
Pipette Method
(Piper, 1942)

Coarse sand 27.6 %
Fine sand 24.2 %
Silt : t22.2 %
Clay 26,0 %
Bulk density 1.54 Core sampier method

(Piper, 1942}
B. Chemical properties :

Available nitrogen 218.4 kg/ha Alkaline permanganate
method (Jackson, 1973)

Available phosphorus 86.7 kg/ha Ascorbic acid blue colour
method (Watanabe and
O1sen, 1965)

Available potassium 210 kg/ha Neutral normal ammonium
acetate extract, flame
photometry (Jackson, 1973)

Organic carbon 0.67 % Walkley - Black method
(Jackson, - 1973)

pH 5.7 ‘ 1:2.5 soii-water suspension
using a pH meter
{Jackson, 1973)

C. Biological properties

Azospirillum count 0.34 x 10° MPN technique (Cochran, 1950)
cells/g of
soil

Azotobacter count 3.2 x 10° Dilution plate technique
cells/g of (Pramer and Schmidt, 1966)

soil
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RESULTS AND DISCUSSION

The observations recorded were analysed statistically
and the results obtained are presented and discussed in

this chapter.
1. Growth characters
1.1. Plant height

The data presented in Table 2 showed that at all
stages, plots that received inorganic N @ 30 kg/ha
produced -slightly taller plants consistently. However, it
was numerically lower to the height of plants in plots
inoculated with Azotobacter or Azospirillum along with 50
per cent inofganic N and lime, at 60 DAS and at harvest
respectively. At 30 DAS and 60 DAS, 1inoculation of
Azospirillum alone or along with 50 per cent or 25 per cent
inorganic N resulted in lower plant height compared +to
that produced by the application of inorganic N alone B 30
kg/ha. Similar results were obtained with Azotobacter at
30 DAS and at harvest. Moreover, plants in absolute
control plots produced significantly shorter plants compared
to that in plots treated with 30 kg inorganic N/ha. This
showed that application of inorganic N alone € 30 kg/ha
favourébly influenced plant height of sesame. Similar

results were reported by Rahman et al. (1978). The medium
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N status of the soil (Table 1) coupled with comparatively
higher native population of the microbes, Azospirillum and
Azotobacter (Table 1) along with the added recommended
dose of 30 kg N/ha, might have contributed to a better
supply of N, which in turn produced taller plants in these
plots. It also showed the compatability of biofertilizers
with nitrogenous fertilizers. Moreover, the microbes might
have helped to improve the physical and chemical nature of
the soil and added to the organic matter content of the soil
in subseguent periods. These explana£ions are in
accordance with the results reported by Goyal (1991).
Thus, nitrogen, an element involved in the vital functions
of the plant body (Rao et al., 1990), might have been
readily available in sufficient amounts for the sesame crop

from the initial growth stage itself.

The data also showed that inoculation of Azospirillum
or Azotobacter alone, or along with 50 per cent or 25 per
cent inorganic N, resulted in a slightly higher plant
height at 60 DAS and at harvest over uninoculated
control. This can be attributed to the higher population
of microbes in the inoculated plots (Table 13 and 14) which
resulted in higher N supply necessary for plant growth.
The production of growth regulating substances or
metabolites might have favoured and stimulated plant

development after germination thus giving the - young
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Table 2. Effect of different treatments on height (cm) of

sesame
T Treatments 30 DAS 60 DAS Harvest
30 kg N/ha as urea 24.11 73.67 82.16
Azospirillum+50% N+lime 22.89 70.01 83.02
Azospirillum+50% N 22.24 70.10 78.82
Azospirillum+25% N+lime 23.96 68.68 77.50
Azospirillum+25% N 19.62 71.64 76.90
Azospirillum+lime | 20.41 69.97 80.91
Azospirillum 22.61 70.34 79.22
Azotobacter+50% N+lime 22.24 74.02 78.60
Azotobacter+50% N 23.60 68.96 78.50
Azotobacter+25% N+lime 23.65 68.94 78.11
Azotobacter+25% N 19.28 69.86 78.98
Azotobacter+lime 21.01 70.98 78.90
Azotobacter - 22.78 72.87 78.18
Absolﬁte control 20.43 68.20 76.42
""" semt  o0.46  1.05  1.52

CD (0.05) 1.34 3.07 4.43
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plants a better viéour, which is in accordance with the
reports by Brown et al. (1964). An almost equal
performance was observed Dbetween the two microbes,
Azospirillum and Azotobacter in their contribution to plant
height at 30 and 60 DAS. The influence of favourable
weather conditions that prevailed during the season
(Appendix I) on the microbes might have also contributed to
the increased growth of inoculated plants. Similar
results were reported by Wani et al. (1983). However, at
harvest Azospirillum inoculation showed a slightly better
response. Though the Azospirillum population (Table 13)
was slightly lower to the Azotobacter counts (Table 14) in
the rhizosphere soil, Azospirillum being a better root
coloniser of the rhizoplane (Okon et al., 1976 a), would
have been able to contribute slightly better than the

Azotobacter population in the rhizosphere.

It is also clear from the data that height of sesame
plants in absolute control plots was on paf with that in
some of +the plots inoculated with Azospirillum or
Azotobacter. This is due to the natural occurrence of these

microbes in absolute control plots also (Table 13 and 14)}.

The data also indicated that application of lime
along with the inoculation of microbes had no profound

influence on the plant height of sesame grown in summer
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rice fallows. This shows that while inoculating acid
tolerant strains of Azospirillum or Azotobacter, liming is
not necessary. Subramoney (1950) also 're‘ported that
Azotobacter species isolated from Kari soils of Kerala (pH
- 2.5 to 4.5) grows equally well on media supplied with or
free from CaCO;. Azospirillum being closely associated
with tp? roots of plants, can make a favourable environment
for glggt grow£h in the rhizoplane, whether the external
soil conditions are favourable or not for its growth. Such

reports are given by Day and Dobereiner (1976).
1.2. Number of branches / plant

The data regarding the number of branches / plant
(Table 3) showed that application of inorganic N @ 30
kg/ha resulted in a numerically higher number of
branches / plant at 30 DAS and at harvest. At 60 DAS,
though the inoculation of Azospirillum along with 50 per
cent inorganic N and lime recorded the highest number
of branches / plant, application of inorganic N @ 30
kg/ha was on par with it. At 30 DAS and at harvest,
inoculation of Azospirillum or Azotobacter with 50 per
cent or 25 per cent inorganic N resulted in lower number
of branches / plant, compared to that treated with 30 kg
inorganic N/ha alone. Moreover, at 30 DAS plants in the
absolute control plots produced slightly lower number of

branches compared to that in plots supplied with 30 kg
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inorganic N/ha alone. This again showed the better
vegetative growth of sesame plants in summer rice fallows
when supplied with recommended dose of inorganic N @ 30
kg/ha alone. A positive influence of N fertilization on the
number of branches / plant of sesame was also reported
by Subramanian et al.(1979). 1In plots supplied with 30 kg
inorganic N/ha, the microbial population was not hindered
(Table 13 and 14) which along with the reasons discussed
earlier, might have 1led to a favourable effect on plant
growth. Dhillon et al. (1980) also observed favourable

effect of inorganic fertilizers on the population of

Azospirillum and Azotobacter population.

It is also evident from the data (Table 3} that
Azospirillum performed better than Azotobacter in the
production of branches in inoculated plots. The close
association of Azospirillum with plant roots of ‘sesame
(Ramanathan and Prasad, 1993) might havé enhanced the
nutrient uptake by the crop (Table 9, 10 and 11) thereby
giving favourable results. The c¢rop responses might
not be caused by N fixation alone but by certain
vitamins or growth promoting substances produced by the
bacteria or their antagonism to harmful microbes, as

observed by Mishustin and Naumova (1962).
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It was also found that the number of branches /plant
produced by sesame plants in absolute control plots was on
par with many microbial inoculated treatments at all
stages. The stubbles of rice straw incorporated into the
soil before sowing of sesame crop might have served as a
suitable substrate for the multiplication of both the
microbes in all plots. This is in accordance with reports
made by Rangarajan and Subramanian (1993). Thus
irrespective of the treatments, a high population of both
the heterotrophic microbes were observed even 1in the
initial soil samples (Table 1). Further the farmyard
manure added to all plots, irrespective of the treatments
at the recommended dose too might have enhanced their
population during the crop growth period along with the
'}easons discussed earlier. All these factors might have

led to the similarity of microbial inoculated treatments

with uninoculated control.

. The data indicated that lime application along with
inoculation of microbes (Azospirillum and Azotobacter) did
not result in a favourable influence on the number of
branches / plant. This is due to the similar activity of
acid tolerant strains of microbes irrespective of lime

3

application.



Table 3. Effect of different treatments

branches / plant in sesame

on number

56

of

. ——————— e T Pl W o P o ek e i ————— — ————— —t— Tt} Tt G G o S S Bt s T S B S . - S sk Tk e} S e s

—— — ——— ——— —— g, T et e ) T T ————————— O T Vo oy s S S e e S S e B T S o T —— i 4 o —— ———

30 kg N/ha as urea
Azospirillum+50% N+lime
Azospirillum+50% N
Azospirillumt+25% N+lime
Azospirillumt+25% N
Azospirillum+tlime
Azospirillum
Azotobacter+50% N+lime
Azotobacter+50% N
Azotobacter+25% N+lime
Azotobacter+25% N
Azotobacter+lime
Azotobacter

Absolute control
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1.3. Leaf area index

It is -evident from the data given -~ 1in Table 4
that 1leaf area index (LAI) of the crop was not
significantly influenced by the different treatments at

30 DAS and at harvest. At 60 DAS, the highest LAI was
observed 1in plots inoculated with either Azospirillum or
Azotobacter along with 50 per cent inorganic N and lime
and followed by 30 kg inorganic N/ha alone. However,
these were on par with many other treatments, but better
than uninoculated control. This nonsignificant influence of
different treatments on LAI of sesame at all stages
might be due to the natural occurrence of Azospirillum and
Azotobacter in all plots irrespective of treatments (Table
13 and 14) and the medium initial N fertility status of soil
(Table 1). Reports by Brown et al. (1964) also revealed
that plant growth was affected with at 1least 104 to 10°
cells / g of rhizosphere soil in field conditions. Such
high counts have been observed even in the uninoculated
plots of this experiment (Table 13 and 14) which might

have contributed to the leaf area indices in almost

similar magnitudes.

However, application of 30 kg inorganic N/ha alone
was the treatment which produced numerically highest

LAI at 30 DAS. This ranked second at 60 DAS and might be
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Table 4. Effect of different treatments on leaf area index
of sesame ’ ' i

Treatments 30 Das 60 DAS Harvest
30 kg N/ha as urea 0.34 .87 0.24
Azospirillum+50% N+lime 0.34 0.89 0.24
Azospirillum+50% N 0.33 0.82 0.24
Azospirillum+25% N+lime 0.33 0.84 0.25
Azospirillumt25% N 0.32 0.83 0.23
Azospirillum+lime 0.34 0.82 0.25
Azospirillum 0.33 0.84 0.23
Azotobacter+50% N+lime 0.32 0.89 0.23
Azotobacter+50% N 0.34 0.84 0.23
Azotobacter+25% N+lime 0.34 0.83 0.25
Azotobacter+25% N 0.33 0.85 0.24
Azotobacter+lime 0.33 0.86 0.24
Azotobacter 0.33 0.85 0.24
Absolute control 0.33 0.83 0.24
Azotobacter 0.33 0.85 0.24
Absolute control 0.33 0.83 0.24
""" semt 0.1
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due to the better nutrient availability made by the
microbes from the medium fertile soil in addition to the
added inorganic dose of 30kg N/ha. Similar reports of
faveurable responses in LAI due to N application and
bacterization was reported by Singh and Bhargava (1994) in

mustard.
1.4. Dry matter production

The data pertaining to drymatter production,
presented in Table 5 and Fig. 2 revealed that application
of 30 kg inorganic N/ha alone resulted in highest dry
matter production of sesame at all stages, though it was on
par with that in plots treated with Azospirillum along
with 50 per cent inorganic N at 60 DAS and many of the
treatments at harvest. Moursi and Gawad (1966) also
reported a higher dry matter production in sesame with
indrganic N application. The better vigour of the plants
in plots treated with 30.kg N/ha might be due to a better
root system thus providing maximum surface area for
absorption of nutrients. Similar resuits were reported by
Dewan and Rao (1979). Geller (1957) also reported that
mineral fertilizers enhanced the effect of bacterial
fertilizers. The ready availabiltiy of sufficient N,
resulted in highest plant height (Table 2) and number of
branches / plant (Table 3), thereby producing the highest

dry matter in these plots. ‘Correlation-studies also
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revealed that the dry matter production of sesame plants
was positively correlated with plant- height and number of

branches/plant (Table 15).

Inoculation of Azospirillum or Azotobacter alone or in
combination with 50 per cent or 25 per‘cent inorganic N,
resulted in a lower dry matter production compared to
application of 30 kg inorganic N/ha alone. This might be
due to the lower plant height (Table 2) and lesser
number of branches / plant (Table 3). The performances of
both Azospirillum and Azotobacter was in a similar manner
‘with regard to the production of dry matter at all stages.
The initial soil fertility status might have contributed

to their similarity.

The data indicated that the dry matter production of
sesame in absolute control plots was equally good as some
of the microbial inoculated treatments with or without
inorganic N. This again can be attributed to the better

initial soil conditions as discussed earlier.

The data also showed tha£ application of lime along -
with inoculation of microbes, did not result in any
significant effect on dry matter production of sesame.
This shows that, while inoculating acid tolerant strains of

these microbes 1liming was not necessary.
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Table 5. Effect of different treatments on dry matter
production (kg/ha) of sesame
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Treatments 30 DAS 60 DAS Harvest
30 kg N/ha as urea 1133 4563 6201
Azospirillum+50% N+lime 755 3420 6005
Azospirillum+50% N 1010 4400 6085
Azospirillum+25% N+lime 835 3550 5770
Azospirillum+25% N B15 3400 5880
Azospirillumtlime 645 3723 6040
Azospirillum 841 3103 5815
Azotobacter+50% N+lime 895 3473 5925
Azotobacter+50% N 770 3683 5960
Azotobacter+25% N+lime 820 3318 5890
Azotobacter+25% N 908 3973 6105
Azotobacter+lime 870 3598 6003
Azotobacter 785 © 3665 - 5750
Absolute control 790 3100 5900
""""" SEmt  26.42  97.14  122.77
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on dry matter production of sesame.

Fig. 2.
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2. Yield attributes and yield
2.1. 50 per cent flowering

The data presented in Table 6 1indicated that sesame
plants supplied with inorganic N either in full dose or 50
per cent of‘ recommended dose or even 25 per cent of
recommended  dose flowered earlier compared to the plots
inoculated with microbes alone and absolute contrel. This
is probably due to the ready availability of sufficient N
from the initial growth stage itself. The positive
influence of inorganic N application on flowering of
sesame was also reported by Sivappa and Mariyakulanti
(1963). Early flowering resulted in a comparatively higher
seed yield of sesame. Moreover, a negative correlation
was observed between number of days to flowering and yield

of sesame as reported by John and Nair (1990).

The data also revealed that Azospirillum inoculated
plants flowered slightly earlier than the Azotobacter
inoculated plants, thus revealing the better efficiency of
sesame plants in Azospirillum inoculated plots later on
to produce higher number of capsules / plant, number of
seeds / capsule, 1000 seed weight and serially a higher

seed yield (Table 6). o ¥

The number of days taken by the plants to attain

50 per cent flowering in absolute control plots was on
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par with that of many other treatments. This might be
due to the favourable nutrient supply to the plants as a
result of the natural occurrence of Azospirillum and
Azotobacter and the favourable original N fertility status
of the soil and the other soil conditions mentioned

earlier.

The data indicated that application of 1lime did not
influence the activity of Azospirillum or Azotobacter for
inducing earliness in flowering. This again showed the
ineffectiveness of lime application on the performance of
acid@ tolerant strains of these microbes in summer rice

fallows.
2_.2. Number of capsules / plant

Application of inorganic N alone & 30 kg/ha produced a
numerically higher number of capsules / plant, compared to
most of the microbial inoculated treatments (Table 6).
Moreover, sesame plants in absolute control ﬁlot produced a
significantly lower number of capsules / plant compared to
the above treatment. The higher number of capsules / plant
in plots applied with 30 kg inorganic N/ha might be due to
higher plant height (Table 2) and higher number of branches
/ plant (Table 3) as a result of favourable N supply
during the ear;y growth_stage itself. §ubramanian et al.

(1979) and Girija Devi (1985) also observed an increase in

'
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the number of c¢apsules / plant in sesame with inorganic
N application. Comparitively a higher number of
capsules / plant was observed in all plots. Moreover, in a
summer crop of sesame, the percentage of capsule setting

might be higher as reported by Ramaniyam et al. (1967).

Inoculation of Azospirillum alone or along with 50 per
cent inorganic N with or without lime or along with 25 per
cent inorganic N without lime produced equal number of
capsules / plant compared to application of 30 kg inorganic
N/ha alone. Similar results were obtained with Azotobacter
along with 50 per cent or 25 per cent inorganic N with or
without lime. However,'plots'treated with Azotobacter alone
or in combination with 1ime resulted in lower number of
pods which showed more similarity with the number of pods
obtained from the uninoculated control plot. Thus the data
(Table 6) also showed that Azotobacter was not as effective
as Azospirillum in producing higher number of pods in sesame
grown in summer rice fallows. Jagnow (1983) reported that
Azospirillum survived bétter under high temperatures of 35-
45°C and in an N sufficient media. Moreover, it can
tolerate wide fluctuations in the environment. The N
fertilization is often reported to increase the efficiency
and multiplication rate' of Azospirillum species in soil.
However, it has also been reported that bacterial

fertilizers did not completely replace but only supplemented
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the mineral fertilizers (Doronskii, 1962 and Lee and Gaskin,
1982). Similar observations were made in this experiment
too, where the supplementations of the native microbes along
with inorganic N @ 30 kg/ha was found more effective in the
various yield attributes than in plots treated with either
50 per cent or 25 per cent of inorganic N, along with the

biofertilizers.

Plants in most of the microbial inoculated plots
produced a significanﬁly higher number of capsules / plant
compared to uninoculated control. The attributed reason for
this is the comparitively higher N supply to the plants by
the activity of a higher population of Azospirillum or
Azotobacter in the inoculated plots compared to the

uninoculated control (Table 13 and 14).

The data also revealed that application of lime along
with inoculation of Azospirillum or Azotobacter did not make
any significant difference in the number of qapsules / plant
which again showed the ineffectiveness of lime application
on the performance of acid tolerant strains of these

microbes in summer rice fallows of Kerala.
2.3. Weight of capsules / plant

The data regarding'weight of capsules / plant (Table 6),

showed that +the highest weight of capsules / plant was
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produced by sesame plants inoculated with Azotobacter along
with 50 per cent inorganic N and lime which was on par with
application 'of 3¢ kg iﬁorganic N/ha. -These were
significantly superior to absolute control. N fertilization
along with the presence of native microbes resulted in an
increased number of branches / plant and number of
capsules /plant in plots supplied with 30 kg inorganic N/ha.
The higher weight of capsules / plant might also be due to
a comparitively higher LAI, particularly at pod fiiling
stage and a higher growth of piénts in this plot. Thus,
there would have been a better supply of carbon assimilates
and N to the pods due to the presence of a larger
photosynthetic surface. Similar results were reported by
singh and Bhargava (1994) in mustard. The presence of
microbes also might have enhanced the supply of nutrients
and assimilates to the pods as reported by Lin et al.

(1983), Kapulnik et al. (1985) and Barten et al. (1986).

Among the microbial treatments, though the performance
of both the microbes were in a similar manner, Azotobacter
inoculated plots produced slightly highér weight of pods
unlike in most of the other parameters, where Azospirillum
performed better. Since plant growth is governed by many
factors, all of which can alter the action of the inoculant,
variability may be observed while using the bacterial

inoculants. Similar reports were also given by Brown (1974}.
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‘The weight of capsules / plant, in absolute control
plot was found to be equal to that in most of the microbial
inoculated plots, either alone or along with 50 or 25 per
cent of inorganic N. The obvious reason for which is

attributed to the favourable initial soll conditions.

Tt is also clear from the data that lime application
had no significant influence on the activity of either
Azospirillum or Azotobacter, in bringing about any
significant difference in the weight of capsules / plant.
This again showed that—liming could not make any influence
on the activity of Azospirillum or Azotobacter in summer

rice fallows of Kerala.
2.4. Number of seeds / capsule

The data pertaining to the number of seeds / capsule,
presented in Table 6, showed that the highest values were
observed in plots applied with 30 kg inorganic N/ha alone.
This might be due to the ready availabiiity of adequate
N, more photosynthesis contributed by higher photosynthetic
surface and efficient translocation of photosynthates to
the pods which developed into maturity. Development of seeds
required the mobiiisation of sufficient amounts of N to the
pods (Singh and Bhargava, 1994). There are also reports
sugge;ting that N fertilization increased the number of

seeds / capsule in sesame (Ramakrishnan et gl.} 1994).
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Inoculation of Azospirillum or Azotobacter along with
50 or 25 per cent inorganic N, showed lower - number of
seeds / capsule than the plots applied with 30 kg inorganic
N/ha alone. Here, the Azospirillum tréated plots gave
higher values compared to Azotobacter treated plots due
to the better effectiveness of Azospirillum as already

discussed.

Comparatively lesser number of seeds /capsule was
observed in absolute control plots, though it was on par
with many treatments. Similarity in +the number of
seeds / capsule in these might be again attributed to the
native occurrence of microbes along with a better initial

soil fertility status as mentioned earlier.

Liming c¢ould not make any influence on the activity

of Azospirillum or Azotobacter.

2.5. 1000 Seed weight

The 1000 seed weight of sesame was not influenced by
the different treatments. The non significant effect of
different treatments an 1000 seed weight might be due to
the favourable initial soil fertility status combined with
the presence of microbes in all plots 'irrespective of
treatments, which enabled the plants to meet their partial N

requirement.
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2.6. Seed yield

Seed yield of =sesame was significantly influenced
by different treatments (Table 6 and Fig. 3). Application
of inorganic N @ 30 kg/ha produced significantly highest
seed yield of sesame grown in summer rice fallows compared
to that produced by inoculation of Azospirillum or
Azotobacter alone or along with 50 or 25 per cent N and
uninoculated control. This might be the resultant of
comparatively taller plants (Table 2) with more number of
branches (Table 3) which produced more number of capsules
/plant, higher number of seeds / capsule, 1000 seed weight
and weight of capsules / plant (Table 6} in these plots.
The ready availability of sufficient N, during the early
growth stages resulted in taller plants and more number of
branches / plant. This might have led to a greater
photosynthetic surface area which in turn produced more
photosynthates and the efficient translocation of these
photosynthates might have resulted in more number of
capsules /plant and seeds / capsule. The cumulative effect
of growth characters and yield components might have
resulted in the production of highest seed yield of sesame
in the plots applied with 30 kg inorganic N/ha. The
favourable effects ﬁf N on seed yield of sesame due to
stimulating effect of N on yield attributes was also

reported by Senniayan and Arunachalam (1978).
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Table 6. Effect of different treatments on the yield attributes and yield of sesare,

-----------------------------------------------------------------------------------------------------

Days td Number of Nunber of 1000 seed Weight of  Seed Shelling

Treatments 50 % capsules seeds per weight (g) capsules/ yield  percentage
flowering per plant capsules plant(q) {kq/ha}

30 kg N/ha as urea 33.33 76,79 58.97 3.36 16.34 729,50 60.2
Azospirillum+50% N+lime | 33.00 75.83 58.70 3.51 15.21 712.40 §1.52
Azospirillom+50% N 14.00 15,04 57.03 1.24 15,03 708.50 55,13
Azospirillmm+25% N+lime  34.67 12.9%0 53.00 3.08 14.04 686.50 54,63
Azospiriilumt25% N 34,00 14.27 55.20 3.46 15.40 684.30 60.11
Azospirillustiime 34.33 76,39 - 52.77 3.36 15.00 676.81 59.30
Azospirillom 15.67 16.48 56.73 3.35 14.60 676.10 §0.58
Azotobacter+30% N+lime .34:33 14,07 56.00 3.2 16.50 700.00 55.24
Azotobacter+i0d N 33.00 713.94 53.60 .28 15.4¢ 698.26 60.46
Azotobacter+25% Ntlime 34,67 15.59 54.87 3.08 13.90 683.50 55.00
Azotobacter:23% W 34.67 74.85 50.31 1.2 15.80 ° £83.80 54.46
Azatobactertlime 36.12 72.68 54.53 3.22 15.70 673.90 59.32
Azotobacter _ 35.81 66.00 50,73 3.26 14,04 668.90 , 55.34
Absolute control 35.13 §9.03 LX) 1.23 i5.ﬂl 660.90 55.79
s e e ne o5 54 0st



Fig. 3. Effect of different treatments

on seed yield of sesame
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The data also revealed that inoculation of Azospirillum
or Azotobacter along 50 or 25 per cent inorganic N could
bring about a higher seed yield of sesame, compared to
uninoculated control though the effect was not
significant with inoculation of Azospirillum or Azotobacter
alone. The higher seed yield in microbial inoculateé
plots might be due to the activity of a higher
population of microbes (Table 13 and 14) which led to
favourable N supply to the plants and resulted in a
comparatively dreater vegetative growth (Tables 2,3,4 and
5) and yield components (Table 6) compared to uninoculated
control. I-iowever, comparison between the two microbes
revealed the better performance of Azospirillum. This
might be due to the fact that Azotobacter doesn‘t compete
‘'well with the rhizosphere microflora. Similar

interpretations were made by Dart and Day (1975).

The 1lowest yield was recorded by the uninoculated
contrel. However, it was observed to be on par with
inoculation of either Azospirillum or Azotabacter 3lone
{Table 6). The presence of native microbes (Table 1) might

be the attributed reason.

The data also indicated that 1lime application c¢ould
not bring about any significant influence on the

activity of microbes regarding seed yield of sesame grown
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in summer rice fallows. This again showed the

ineffectiveness of liming on acid tolerant strains of these

microbes.

2.7. Shelling percentage

The data presented in Table 6, showed that inoculation
of Azospirillum along with 50 per cent inorganic N and
lime resulted in numerically highest shelling percentage
which was on par with some of the treatments including
the application of inorganic N @ 30 kg/ha. The similarity
in sheliing percentage of these treatments might be due to

the comparatively higher pod and seed yield (Table 6).

As in most of the yield attributing characters,
Azospirillum showed its superiority over Azotobacter in

shelling percentage too due to the reasons discussed.

Shelling percentage was low in absolute control
plots. However, it was on par with many treatments as
evident from Table 6. The natural occurrence of microbes
and the medium initial soil fertility status as discussed

earlier, might be the attributed reason.

The data also indicated that liming did not enhance

the activity of acid tolerant strains of either
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Azospirillum or Azotobacter, so as to bring about any
significant difference in the shelling percentage of

sesame.
3. Quality of seeds
3.1. 0il content and oil yield

0il content of sesame was not influenced by different
treatments (Table 7). However, the o0il vyield was
significantly highest in the plot  treated with 30 kg

inorganic N/ha alone (Table 7 and Fig. 4).

The favourable nutrition of sesame crop from the
initial growth period might have resulted in the better
vegetative growth (Table 2, 3, 4 and 5), thereby a higher
photosynthetic surface for better photosynthesis. The
efficient translocation of photosynthates to the
reproductive parts resulted in better Yyield components
(Table 6) and thereby highest seed yield (Table 6). The
higher oil content (Table 7) and higher seed yield
{Table 6) resulted in the production of significantly
highest o0il yield in the above treatment. Increase in oil
yield due to N fertilization was also reported by Michell
et al. (1974). It has been reported by Ramakrishnan et
gl._(1994) that the oil content increased with P and K

content in the seed and the seed yield with N content in
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Table 7. Effect of different treatments on 0il content (%)
and oil yield (kg/ha) of sesame.

.-u——-———-.——————..-..——————.—._—————-—.——————..—u———-—.—.-—.——————.——————.....————

0il vield
(kg/ha)

———.—.—_————-—-————_—_.__——_——H_——_——-——————-—————H_——-—H—————.——_

30 kg N/ha as urea
AzZospirillum+50% N+lime
Azospirillum+50% N
Azospirillum+25% N+lime
Azospirillum+25% N
Azospirillum+lime
Azospirillum
Azotobécter+50% N+lime
Azotobacter+50% N
Azotobacter+25% N+lime
Azotobacter+25% N
Azotobacter+lime
Azotobacter

Absolute control

47.27
47 .37
47.30
46.00
46.20
46.13
45.37
46.63
46.83
46.37
45.20
45.70
45.43

45.37

344.83
337.46
335.12
315.77
316.17
313.76
306.75
326.46
326.97
316.95
309.09
307.99
304.00

299.80

SEmt+

CD (0.05)



75

the seed. The better performance of the plots applied
with 30 kg inorganic N/ha in the present experiment too
revealed comparatively higher- values for N, P and K
cantents in the seed (Appendix II, IIT and IV) which is

in accordance with the above report.

Here again, Azospirillum strain showed its slightly
better performance over Azotobacter (Table 7) due to

its mode of inhabitance and other reasons as discusseqd.

. As evident from the Table 7, the ‘uninoculated
control showed the lowest oil yield and a comparatively low
611 content (Table 7). However, it was on par with
plots treated with the microbes alone, probably due to
the native occurrence of the microbes and a better

initial putrient status of the experimental field.

The data also indicated the mnon significant
performance of acid tolerant strains of Azospirillum or

Azotobacter with or without lime application.

3.2. Protein content and protein yield

Highest protein yield was obtained from plots
treated with inorganic N € 30 kg/ha alone (Table 8 and
Fig. 4). The protein content too was higher in these
plots. However, protein yield obtained from most of the

plots inoculated with Azospirillum or Azotobacter was on



Fig. 4. Effect of different treatments
on quality of sesame seeds.
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par with that obtained from plots supplied with 30 kg
inorganic N/ha alone. The numerically higher protein
yield obtained from inorganic N treated plots 1is due to
the higher nutrient uptake (Table 9, 10 and 11), higher
seed yield (Table 6) and a comparatively higher protein

content (Table 8).

The protein yield also showed higher values in
plots inoculated with Azospirillum than with Azotobacter
which again indicated the slightly better performance of
the former in summer rice fallows. The close association
of Azospirillum with the roots compared to Azotobacter as
discussed, might be applicable here too. The uninoculated
control plot showed a significantly lower protein yield
than from plot supplied with inorganic N alone. However, a
non significant difference was observed between most of
the inoculated treatments and uninoculated control. The
lower pro£ein yield in ﬁhe absolute control plot might be
due to the lower supply of nutrients especially N to the
plants which resulted in lower uptake (Table 3, 10 and
11), growth and yield (Table 5 and 6) and thereby protein

yield.

The data also showed a nonsignificant influence of
liming on acid tolerant strains of these microbes,

probably due to the same reasons discussed earlier.
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Table 8. Effect of different treatments on protein content

(%) and protein yield (kg/ha) of sesame.

Protein
content

(%)

Protein
yield
(kg/ha)

—— e . Y G o P ——— —— i Bl T} Ry o ————————— ) S T T S T S S —————— i o Vok W W s o —

30 kg N/ha as urea
Azospirillum+50% N+lime
Azospirillum+50% N
Azospirillum+25% N+lime
Azospirillum+25% N
Azospirillumtlime
Azospirillum
Azotobacter+50% N+lime
Azotobacter+50% N
Azotobacter+25% N+lime
Azotobacter+25% N
Azotobacter+lime
Azotobacter

.Absolute control

21.13
21.56
21.44
21.00
21.12
20.87
20.81
20.75
21.25
20.56
21.25
20,93
20.43

21.18

154.14
153.58
151.90
144.16
144.52
141.95
140.69
145.25
148.36
140.52
145.30
141.04
136.66

139.97

e, e el e e e el e S S ——————————————————— ———— T——— {——— ——— o {——— ] ———— —} T St P Wt o, S
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4. Nutrient uptake
4.1. N uptake

The data presented in Table 9 and Appendix II and
Fig. 5..regarding N uptake by sesame, showed that at 30
and 60 DAS, application of inorganic N € 30 kg/ha resulted
in a higher N uptake at all stages. Moreover, the effect
was significant at 30 DAS. The positive influence of N,
on N uptake by sesame at all stages of growth was reported
by Girija Devi (1985) also. The ready availability of
sufficient N during early stages resulted in vigourous
vegetativé growth, which 1led to a higher dry matter
production (Table 5) and higher uptake by plants in these

plots.

Inoculation of Azospirillum showed better N uptake
values compared to Azotobacter. The enhanced N uptake by
plants in Azospirillum inoculated plots might be due to
certain enzymatic action of these microbes as described by
Konde and Patil (1993). Their reports revealed that
Azospirillum being a root coloniser has a c¢lose contact
with the plant roots. It can soften the middle lamellae
through the action of pectinolytic enzymes, without causing
cell collapse, thus enhancing the mineral absorption

surface of the cortex cells.
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Table 9. Effect of different treatments on the nitrogen
uptake (kg/ha) by sesame.

O e G ————— — St Btf P Viod e S T —— ——— T R e R S G ——— ————T— o} SM (-} m— f— ———— — T Bt

Treatments 30 DAS 60 DAS Harvest
30 kg N/ha as urea 27.53 73.46 117.20
Azospirillum+50% N+lime 22.58 63.61 114.12
Azospirillum+50% N 23.33 62.92 117.41
Azospirillum+25% N+lime 20.29 67.81 101.54
Azospirillum+25% N 21.52 64.26 111.12
Azospirillum+1lime 17.93 64.40 106.31
Azospirillum 20.73 62.99 102.30
Azotobacter+50% N+lime 21.75 63.55 111.90
Azqtobacter+50% N 21.71 65.92 106.62
Azotobacter+25% N+lime 20.88 61.711 103.60
Azotobacter+25% N 22.06 61.18 106.21
Azotobacter+lime 20.09 52.89 107.36
Azotobacter 17.79 51.51 85.13
Absolute control 17.85 52.08 105.58
SEM+ 1.25 7.51

T Gt T S S T — T S T Sl g Y Sy $n k. kS S ———— G B S ey S S ————— —— e $re} $53 B Bud et - e —————
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The uninoculated control plot showed a comparatively
lower N uptake value. However, it was on par with some of
the microbial ihoculated _treatments. Tﬁis might be due‘
to the better initial soil fertility status combined

with the presence of microbes as discussed.

Data on N uptake also showed the ineffectiveness of
lime application on the activity of acid tolerant strains
of Azospirillum or Azotobacter in bringing about any

significant difference in N uptake by sesame.

4.2. P uptake

The data presented in Table 10 and Appendix III and
Fig. 5 revealed that plants in plots treated with inorganic
N @ 30 kg/ha showed the highest P uptake at all stages,
though it was on par with inoculation of Azospirillum or
Azotobacter along with 50 per cent inorganic N at all
stages. This again showed the superiority of the
recommended dose of inorganic N alone, for sesame grown in
summer-rice fallows. This might be due to higher dry
matter production (Table 5) resulted from better
nutrition of plants from the initial growth stage itself.
The favourable nutrition might have also been contributed
to better root growth and increased root surface area as
reported by Watanabe and Lin (1984), which led to a higher

P uptake by plants in these plots.
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Table 10. Effect of different treatments on the phosphorus
uptake (kg/ha) by sesame.

—— — G ——— t— — T —— A S e S R T S ——— f—————— —— —————————— —— T i 2y o e} ey o} T e W e ——————

30 kg N/ha as urea

Azospirillum+50% N+lime

AzZospirillum+50% N

Azospirillum+25% N+lime

Azospirillum+25% N
Azospirillum+lime
Azospirillum
Azotobacter+50% N+lime
Azotobacter+50% N
Azotobacter+25% N+lime
Azotobacter+25% N
Azotobacter+lime
Azotobacter

Absolute control

12.32

11.97

1i.88

11.22

11.56

10.79

10.23

11.80

11.78

10.94

17.36
16.21
16.42
15.58
15.28
15.10
15.11
17.18
16.69
16.49
16.47
15.60
16.12

15.36

—— ——— ——— — et v S S T — T W G o B Bk e o e S S e T — — — P Py B S M e S S8 S St S ——
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Inoculation of Azospirillum resulted in a slightly
better P uptake at 30 and 60 DAS. The close assoclation of
Azospirillum with plant roots would have favoured their

better contribution to root proliferation.

The uninoculated control plot showed a comparatively
lower P uptake value. However, the non significant
difference in P uptake by plants in these plots and most
of the microbial inoculated Pplots might be due to the
favourable initial nutrient status of the soil which
resulted in favourable growth of plants, thereby a higher

dry matter production.

The data also revealed that liming along with
inoculation of acid tolerant strains of Azospirillum or
Azotobacter was not effective to bring about any

substantial difference as discussed earlier.

4_3. K uptake

In sesame plants grown in summer rice fallows at
30 and 60 DAS the K uptake was highest in the plots
receiving 30 kg inorganic N/ha, alone (Table 11, Appendix
IV and Fig. 5). At harvest, plots treated with Azotobacter
along with 50 per cent N gave the highest K uptake
values. However, the plots which received 30 kg

inorganic N/ha alone was on par with the above +treatment.
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Table 11. Effect of different treatments on the potassium
uptake (kg/ha) by sesame.

Sl e — e R — —— — e Tk R Sl T f— G o ——— e o T— ——— o T I T S S R A T —— T o —

Treatments 30 DAS 60 DAS Harvest
30 kg N/ha as urea 30.59 75.28 84.33
Azospirillum+50% N+1ime 24.16 71..80 86.44
Azospirillum+50% N 28.58 72.57 79.71
Azospirillum+25% N+lime 24.08 70.31 76.73
Azospirillum+25% N 24.29 71.40 79.96
Azospirillum+lime - 20.64 69.62 79.10
Azospirillum 23.80 67.3@ . 76.17
Azotobacter+50% N+1ime 25.50 72.93 87.69
Azotobacter+50% N 24.25 69.24 89.98
Azotobacter+25% N+lime 24.19 70.34 80.10
Azotobacter+25% N 24.51 71.5é 79.96
Azotobacter+lime 24.62 69.4£ . 78.63
Azotobacter 23.78 69,6£ 78.20
Absolute control 23.94 67.27? 77.29
SEm+ 1.37 1.93 4.39

CD (0.05) 3.98 5.63 12.79

D D D R S L ok My S o T S e e S it} o W e S e S T G S T S o T S T (i el e S S g T S T $ur S o o —
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This again showed the requirement of application of 30 kg
inorganic N/ha for sesame grown in éummer rice fallows}

the favourable influence of which was discussed earlier.

Though Azospirillum and Azotobacter both performed in
a similar manner at 30 DAS, 60 DAS and at harvest, the
performance of Azotobacter was slightly better regarding
K uptake. The bacterial inoculants may show inconsistent
responses due to the influence of a 1§rge number of factors

as reported by Brown (1974);

The data further revealed that, uninoculated control,
showed a comparatively lower value. The attributed reason
for its similafity with many microbial inoculated
treatments is the non significant difference in growth
(Table 3 and 4) and drymatter production (Table 5), which
again is a resultant of the favourable initial nutritional
status of the soil and natural occurrence of both the

microbes in all plots, irrespective of treatments.

The data on K uptake by sesame again showed  the
non-significant effect of liming along with the inoculation
of acid tolerant strains of Azospirillum or Azotobacter in

summer rice fallows.



Fig. 5. Nutrient uptake by sesame (at
harvest) as influenced by different
treatments.
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5. Soil studies
5.1. Available N -

The data regarding available N content of soil
after-the harvest of sesame crop (Table 12 and Fig. 6)
showed a general increase including the absolute control
plot, compared to its initial content (Table 1). This
might be due to the basal application of farmyard manure
and presence of Azospirillum and Azotobacter in all plots,
irrespective of treatments. Similar results were reported
by Rangarajan and Subramanian (1993). The highest
available N content after harvest was noticed in plots
inoculated with Azospirillum along with 50 per cent
inorganic N and lime. However, this was on par with its
inoculation along with 50 per cent inorganic N without
lime. Inoculation of Azotobacter along with 50 per cent
inorganic N, with or without lime and alsc application of 30
kg inorganic N/ha alone were comparable to the above
treatments. This might be due to the addition of more N to
soil by microbes in the presence of inorganic N. It is also
evideht from Table 13 and 14 that the population of microbes
decreased by the harvest of the crop. The microbial lysis
can release the locked up N at this stage, thus increasing
the available N content of the soil. These interpretations

are 1in accordance with the reports by Purushothaman and
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Menon (1984). Moreover, the presence of inorganic N can

hasten the activity of the microbes as discussed earlier.

The data alsoc showed a decreasing trend in the
available N content of the soil, with a decrease in the
inorganic N application along with inoculation of either
Azospirillum or Azotobacter. This might be due to the
decrease in inorganic N application. Between Azospirillum
and Azotobacter, the former again showed a comparatively
higher available N content in soil. This might be due to
the better effectiveness of associative symbiosis of

Azospirillum than the free living Azotobacter.

The data further revealed that lime application did not
bring about any significant effect on available N content of
soil by influencing the acid tolerant strains of either

Azospirillum or Azotobacter.

5.2. Available P

The Table 12 and Fig 6 revealed that inoculation of
Azospirillum along with 50 per cent inorganic N and lime
resulted in the highest available P content of soil after’
harvest of the crop, closely followed by application of 30
kg inorganic N/ha. However, it was found to be on par with
inoculation of Azospirillum along with 50 per cent inorganic
N without lime and also with Azotobacter inoculation along

with 50 per cent inorganic N with or without lime. This
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showed the favourable influence of microbes in the presence
of sufficient inorganic N, on the available P content of the
soil. Moreover, a decrease in available P content is

noticed with a decrease in inorganic N application.

Between Azospirillum and Azotobacter inoculated plots,
inoculation of Azospirillum resulted in a slightly better
available P content of soil, which again showed the
superiority of Azospirillum in improving the fertility

status of soil.

The 1least available P content was noticed in the
absolute control plot. However, it was on par with many of
the microbial inoculated treatments. The natural occurrence
of microbes couplea with a medium initial P fertility status
of the soil, would have made these treatments at par. The
data further revealed thg ineffectiveness of 1lime
application on the activity of acid tolerant strains of both
the microbes as discussed in earlier sections

5.3. Available K

Available K content of the soil was highest in plots
inoculated with Azotobacter along with 50 per cent inorganic
N and lime followed by application of inorganic N alone &

30 kg/ha as evident from Table 12 and Fig.6. Inoculation of



Table 12. Available nitrogen,
soil (at harvest)

treatments in sesame (kg/ha)
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phosphorus and potassium in
as influenced by different

T D G e S S T S e} e B o —————— T St Sont G e S St b S . S Ty P i e S ——— e S T Yt o ok o S S

Available Available

nitrogen phosphorus

Available
potassium

30 kg N/ha as urea
AZospirillum+50% N+lime
Azospirillum+50% N
Azospirillum+25% N+liﬁe
Azospirilliumi25% N
Azospirillum+lime
Azospirillum
Azotobacter+50% N+lime
Azotobacter+50% N
Azotobacter+25% N+lime
Azotobacter+25% N
Azotobacter+lime
Azotobacter

Absolute control

266.93
272.53
270.67
248.27
252.00
242.67
237.07
265.07
259.47
246.40
250.13
242.67
238.93

237.07

94.07
94.13
91.23
87.27
85.57
81.60
81.03
92.37
86.13

'82.17
83.87
81.03
80.47

80.47

236.67
236.16
235.00
225.00
225.00
218.33
213.33
238.33
235.00
228.33
225.00
215.00
214.67

212 .98
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Azospirillum along with 50 per cent inorganic N and that of
Azotobacter with 25 per cent inorganic N were also on par

with the above treatment.

The.data also indicated a gradual decrease in available
K content of the soil, with a decrease in the application of
inorganic N along with inoculation of microbes. This again
showed the favourable influence of inorganic N on the
activity of microbes in bringing about an increase in the

available K content of soil.

The lowest available K content of soil was noticed in
the absolute control plots. However, it was on par with the
plots that were inoculated with Azospirillum or Azotobacter
alone. The non significant difference between inoculated
and uninoculated treatments, might be due to the presence of

native microbes.

The data showed that lime application was not necessary
when acid tolerant strains of microbes were used. They
proliferate equally well in the presence or absence of CaCoOq

as discussed.
6. Microbial population
6.1. Azospirillum Population

The data presented in Table 13, indicated that

Azospifillum was present in all plots irrespective of
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inoculation at all stages of sesame crop. This showed the
natural occurrence of Azospirillum in summer rice fallows

of Kerala.

However, a comparatively higher population of
Azospirillum was observed in inoculated plots compared to
uninoculated plots at all stages. Among the Azospirillum
inoculated treatments, its inoculation with 50 per cent
inorganic N resulted in highest population at 30 DAS, 60
DAS and at harvest (Table 13). Further, it was on par
with its inoculation along with 25 per cent inorganic N.
This showed the favourable influence of inorganic N along

with inoculation, on the population of Azospirillum.

Further, it is evident from the data that population
of Azospirillum increased and reached a maximum at 60 DAS
and then decreased towards harvest, in both 1inoculated
and uninoculated treatments. Similar results were
reported by Shetty et al. (1976). The maximum build up
of Azospirillum population coincided with the active
vegetative phase and the capsule formation stage of
sesame crop as reported by Ramanathan and Prasad (1993).
They also observed a decline of Azospirillum population
in the rhizosphere of sesame plants by harvest. The active
vegetation of the crop at = 60 DAS (Table 2, 3 and 4)

might have encouraged a congenial humid and wviable



91

Table 13. Azospirillum population in the rhizosphere of sesame as
influenced by different treatments (x 10° cells/g of soil)

S e Bt 0 P U ey e e e d e e e o et 0 A AP =Y S A A e A

30 DAS 60 DAS Harvest
Treatments 00 e
T 0 T 0 T 0
30 kg N/ha as urea 5.96 0.92 6.24 1.74 6.22 1.68
Azospirillumt50% N+1ime 6.09 1.23 6.46 2.86 6.40 2.54
Azospirillum+50% N 6.09 1.25 6.41 2.25 6.40 2.55
Azospirillumt25% N+lime 6.09 1.24 6.40 2.54 6.39 2.47
Azospirillum25% N 6.08 1.22 6.44 2.78 6.38 2.42
Azospirillum+1ime 5.98 0.97 6.35 2.25, 6.36 2.30
Azospirillum 5.99 0.98 6.36 2.28 6.30 2.01
Azotobacter+50% N+1lime 5.87 0.75 6.18 1.52 6.18 1.53
Azotobacter+50% N 5.82 0.66 6.15 1.42 6.17 1.49
Azotobacter+25% N+1ime 5.87 0.75 6.24 1.72 6.17 1.51
Azotobacter+25% N 2.91 0.82 6.27 1.85 6.24 1.73
Azotobacter+1ime 5.92 0.83 6.26 1.84 6.23 1.72
Azotobacter 5.93 0.86 6.27 1.86 6.23 1.70
Absolute control 5.95 0.89 6.26 1.77 6.24 1.73
SEm+ 0.03 0.02 0.01
Ch (0.05) . 0.08 0.05 0.04

e ———— Pl ol ko = o o T g A A S AR P A b W R i

T - Transformed value 0 - Original value
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atmosphere in the rhizosphere of the crop for the root
‘colonising microbe, Azospirillum, to raise its population

at this stage (Okon and Kapulink, 1986).

The data also indicated that lime had no significant
influence on population of Azospirillum. This showed that
while inoculating acid tolerant strains of Azospirillum in

summer rice fallows of Kerala, liming was not necessary.

6.2. Azotobacter population

The data regarding populations of Azotobacter (Table
14), indicated the presence of the microbe in all plots
including wuninoculated control. The uniform presence of
farmyard manure along with the incorporated stubbles might
have served as suitable substrates for the multiplication
of Azotobacter. Moreover, the cellulolytic micro-
organisms which degrade plant residues in soil might have
encouraged the proliferation of Azotobacter in soil (Jensen,

1865).

'Among the treatments, Azotobacter inoculated plots
recorded higher population of the same compared to
uninoculated plots. Inoculation of Azotobacter, along
with 50 per cent inorganic N resulted in highest

population which was significantly superior to its
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Table 14. Azotobacter population in the rhizosphere of sesame as
influenced by different treatments (x 10° cells / g of soil)

- G- S B S Gy M G R e S ) S P S e vt dn ek ey e e i He e e e A B e A8 RS EE ek G ) S bt o B e ey e =

30 DAS 60 DAS Harvest
Treatments = —mmmmmmmmmmmem s e

T 0 T 0 T 0
30 kg N/ha as urea 6.58 3.80 6.5 8.89  6.89 7.80
AzospiriTlumt50% N+1ime 6.60 3.99 6.95 8.89 6.88 7.63
Azospirillum+50% N 6.59 3.91 6.95 B8.84 6.89 7.69
Azospirillum+25% N+1lime 6.57 3.75 6.93 8.42 6.89 7.68
Azospirillum-25% N 6.57 3.68 6.92 8.37 6.84 7.00
Azospiritlumt1ime 6.55 3.57 6.92 8.30 6.84 6.90
Azospirillum 6.53 3.41 6.91 8.19 6.83 6.83
Azotobacter+50% N+1ime 6.77 5.86 7.09 12.35 7.02 10.45
Azotobacter+50% N 6.74 5.50 7.07 11.79 7.02 10.35
Azotobacter+25% N+lime 6.69 4.98 7.05 11.44 7.00 10.03
Azotobacter+25% N 6.70 5.04 7.03 10.75 6.98 9.63
Azotobacter+lime 6.70 5.00 7.00 10.22 6.95 8.83
Azotobacter 6.68 4.84 7.01 10.01 6.92 8.40
Absolute control 6.55 3.54 6.92 8.28 6.88 7.50
SEmt 0.01 0.006 0.006
CD (0.05) 0.04 0.02 0.02

- — T R 0 St 0 T P T —— — T —— - - 0 = =

T - Transformed value 0 - Original value
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inoculation alone or along with 25 per cent inorganic N.
This again showed the favourable influence of inorganic

N on Azotobacter population.

As in the case of Azospirillum, Azotobacter population
also increased and reached a maximum at 60 DAS after which
the population reduced towards harvest. The congenial
conditions as mentioned earlier, might be applicable here

too.

The data also revealed the non significant influence
of lime on the population of Azotobacter. This showed
that whiie inoculating Azotobacter in summer rice

fallows, liming was not necessary.
7. Correlation studies

The data presented in Table 15, showed that the
drymatter production and seed yield of sesame were
positively correlated with its growth characters such as
heigﬁt, number of branéhes / plant and leaf area index.
They were also positively correlated with N, P and K uptake
by the crop at 60 DAS and with the population of
Azospirillum and Azotobacter in the rhizosphere. A positive
correlation was observed between seed yield and yield
attributes (Table 16) such as number of "capsules / plant,

number of seeds/capsule, 1000 seed weight, shelling per



Table 15. Correlation of dry matter production and seed
yield of sesame with gdrowth characters, nutrient
uptake and microbial population at 60 DAS.

-—-——_.-—_—_——.—..——-—-—————_——-———-.———-—-————-————_——.——_—————-—.--——-—.———..._-.—

Dry métter Seed yield
el T T oe  Toe
Branches/plant 0.18 ' 0.61"

Leaf area index . 0.05 0.40
N Uptake 0.42 0.77"
P Uptake . 0.50 0.91"
K Uptake 0.73" 0.78"
Azospirillum count 0.06 0.b9
Azotobaéter count 0.05 0.02

* Significant at 5% level.

.——_—_——_-————————._.———————.-."--.——_-———c.-.-.—_—-————--.-.————._——.-..._——-—_.——

Table 16. Correlation of seed yield with yield attributes of

sesame -

"""""""""""""""""""""""""" Seed yield
50 per cemt flowering  -o.14
Number of capsules /plant . " 0.58"

Number of seeds /capsule ' 0.33

1000 seed weight | 0.30

Shelling per cent 0.29

Weight of capsule /plant 0.51
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cent and weight of capsules/plant. However, the seed
yield showed a negative <correlation with the number of
days to 50 per cent flowering. Similar reports of a
significant and positive correlation of seed yield with
the number of branches/plant, dry matter production, number
of capsules/plant and 1000 seed weight and a negative
correlation with number of days to 50 per cent flowering
were reported by John and Nair (1990) in sesame grown in
summer rice fallows of Kerala. Thus sesame plants with
profuse branching , early flowering and production of large
number of capsules/plant may be well suited for the

summer rice fallows of Kerala.

The correlation studies presented in Table 17,
showed that the N, P and K uptake values at harvest were
significantly and positively correlated with the guality
aspects, though the protein content -showed only a low
positive <correlation with P and K uptake values. Girija
Devi (1985) also reported the positive effect of N uptake

on the quality of sesame seeds.

The data given in Table 18, indicated that the
population of both the microbes, Azospirillum and
Azotobacter showed a low positive correlation with the

available N, P and. K contents of the soil at harvest.



Table 17. Correlation of nutrient uptake at harvest with
quality of sesame.

- — — —— T ——— [ ———— S (T ey et P B T TS o S S e e S e G S e = = S S e e s s

N P K

Protein content . 0.68% 0.09 0.31
Protein yield 0.85% 0.55" 0.61%
0il content - 0.76" 0.57" 0.68"
0il yield 0.80% 0.64" - 0.68"

— o s — T o i S 55 [ P S G Bt Gt Py P P e S () P8 . S S e S et Pt M M e S o P — ——

Table 18. Correlation of microbial population with available
N, P and K contents of soil at harvest.

Azospirillum Azotobacter
N 0.2 0.2
p 0.18 0.16
K 0.24 0.31

— . S Moy o e e P S P P R e v e e g o b et A P S — - Bt S G M S et S S M M S S 8 G M e e S



Jensen (1965} also observed positive correlations between
the microbial population and available N and P contents of

the soil in the presence of adeguate organic matter status.
8. Economics

The cost of cultivation excluding the treatments
amounted to Rs. 7110/ha (Table 19). The plots applied with
30 kg inorganic N/ha alone, gave the highest returns, profit
and benefit cost ratio, due to its significantly highest
seed yield over other treatments. It was followed by the
plots inoculated with Azospirillum along with 50 per cent
inorganic ' N without 1lime. Among the microbial treatments,
Azospirillum treated plots showed a slightly  Dbetter
performance, due to its close association with plant roots,
which might have .helped :'En better nutrient uptake and
finally contributed to a better seed yield than the
Azotobacter treated plots, where the microbes are free
living. Absclute control plots too produced fairly good
profits as compared to some of the treatments, which can be
attributed to the better initial soilv fertility and the
natural occurence of microbes in the field. Moreover, the
data revealed that liming was only found to add to the
cost of «cultivation without any Dbenefit. Thus, it was

not necessary to use lime along with inoculation of acid

tolerant strains of these microbes.
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--------------------------------------------------------------------------------------------

Cost in-
volved in
the tre-
atment

Total

cost of
culti-
vation

Total
return

5

Profit

Benefit
cost
ratio

230.0
1627.0
127.0
1589.5
§9.5
1512.0
2.0
1627.0
127.¢

1569.5

1512.0

1340.0
8737.0
1237.0
§679.5
71119.5
8622.10
7112.0
§731.0
1231.0
8673.5
1179.5
§622.0
1112.0

7110.0

11672,

11398.4

1133s.
10384,
10948,
10883,
10817.
11200,
11171,
10936,
10940,
10782,
10702,

10574,

0

0

0

§

4332,
2661.4
4099.9
2304.5
3769.3
2261.2
3695.6
2463.10
3934.2
2156.5
3761.3
2160, 4

3580.4

1,59
1.30
1.56
1.26
1.52
1.26

1.5

1.25

1.52

g A g Ym g U e e e ol ke OB e B S A e

Cost of
Treatments cqltiva-

tion ex-

cluding

the tre-

atment
30 kg R/ha as urea 1110
Azospirillem+50% N+lime 7110
Azospirillumt50% X 1110
Azospirillum+25% Nilime 1110
Azospirillam+25% K 7110
Arospirillumtiime 7110
Azospirillum 7110
Azotobactert50% N+lime 1110
Azotobacter+50% N 7110
Azotobacter+25% Nilinme 1110
Azotobactert+25% X 119
Azotobactertlime 1110
Azotobacter 7110
Absolute control 110
Urea Rs. 3.5/kg
Hussorie phos Rs 1.8/kg
Muriate of potash Rs. 4/kg

Line

Biofertilizers Rs.

Sesame Seeds
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SUMMARY

A field experiment was conducted in the rice fallows
of Agricultural Research Station, Mannuthy, during the
summer season (January - April) of 1995, to find out the
effectiveness of biofertilizers on the growth, yield and N

economy of sesame.

The experiment was laid out in randomised block design
with 14 treatments replicated thrice. The treatments
included were, the recommended dose of inorganic N @ 30
kg/ha alone, inoculation of Azospirillum or ‘Azotobacter
with 50 per cent, 25 per cent or no inorganic N, either

with or without 1lime and an apsolute control.

The growth characters such as plant height, number of
branches/plant, leaf area index and dry matter production
were comparatively hiéher in plots treated with the
recommended dose of 30 kg inorganic N/ha alone at all
stages of sesame crop. It maintained its superiority over
all other treatments tried, regarding the other parameters

under study too.

The number of days taken to attain 50 per cent

flowering was decreased with the application of inorganic
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N. The better vegetative growth of plants during the
early stages of the crop, in plots applied with 30 kg
inorganic. N/ﬁa aloné, might have resulted in a largef
photosynthetic area and thereby more photosynthates. The
efficient +translocation of these photosynthates +to the
reproductive parts might have resulted in the production of
larger number of capsules / plant, more number of seeds
/ capsule, higher weight of capsule / plant and finally the

highest seed yield in this treatment.

Though the o©il and protein content were not
significantly influenced by the treatments, the o0il and
protein yields were affected significantly. The highest
oil and protein yields were observed in plots treated with

30 kg inorganic N/ha alone.

The N, P and K uptake values at all stages of crop
growth and the available N, P and K contents of the soil at
harvest of the crop were comparatively higher in plots

supplied with 30 kg inorganic N/ha alone.

The population of both Azospirillum and Azotobacter
were comparatively high in all plots irrespective of the
treatments at all stages. Initial soil analysis also
showed the presence of these microbes. This showed the
natural occurrence of both these microbes in the summer

rice fallows of Kerala. - However, the inoculated pPlots
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showed a higher population thrbughout. Another feature
noted in the population was that, it increased to a
maximum at 60 DAS and then decreased towards harvest in both

inoculated and uninoculated treatments.

The mnatural occurrence of both Azospirillum and
Azotobacter, initial medium fertility status of the soil,
incorporation of rice stubbles and farmyard manure, along
with the application of recommended dose of 30 kg inorganic
N/ha, contributed to a substantial increase in seed yield
of sesame and thereby maximum total returns, thus

establishing its superiority over other treatments.

Though the microbes, Azospirillum and Azotobacter
showed almost similar performances regarding the various
parameters studied, the root colonising microbe
Azospirillum, was slightly better when compared to the
freeliving microbe,_Azotobacter. Moreover, the result
revealed that liming was not necessary in the summer rice
fallows of Kerala, when acid tolerant microbial strains are

inoculated.

Correlation studies indicated a positive correlation
between seed yield and various aspects like growth
characters, yield attributes, nutrient uptake, available

soil nutrients and the microbial counts. A significant
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positive correlation was obtained Dbetween seed yield and

number of capsules / plant and nutrient uptake values.

Thus, the results revealed that applicatioﬁ of the
recommended dose of 30 kg inorganic N/ha was necessary for.
sesame grown in summer rice fallows of Kerala. Inoculation
of either Azospirillum or Azotobacter did not give any
significant effect on growth, yield and quality of sesame
compared to the application of inorganic N alone. This
might be due to the natural occurrence of both these
microbes in Kerala soil. Between the microbes, Azospirillum
showed a better effect on the crop. The results also
indicated that liming did not bring about any significant
influence on the activity of acid tolerant strains of either

Azospirillum or Azotobacter.



References




REFERENCES

Agarwal, S. 1985. Interaction of strains of Azotobactor
chroococcum with cultivars of mustard (Brassica
juncea and Brassica napus) M.Sc. thesis, 'Indian

Agricultural Research Institute, New Delhi

Albrecht, S. L., Mitchell, M. E. and Gaskins, M. H. 1981.
Influence of soil moisture and organic substances
on N, (CyH,) fixation by sorghum and millet. PI.
Physiol. 67: 435

Albrecht, S. L., Okon, Y. and Burris, R. H. 1977. Effects of
light and temperature on the association between
Zea mays and spirillum lipoferum. Pl. Physiol. 60:
528-531

Anonymous, 1994. Survey of Indian Agriculture. The Hindu,

Madras, p.51

Arunachalam, L. and Venkatesan, G. 1984. Effect of bio-
fertilizer application on the yield of sesamum.
Madras agric. J. 71(4): 259-260

*Avivi, Y. and Feldman, M. 1982. The response of wheat to
bacteria of the genus Azospirillum. Israel J. Bot.

31: 237-245

Badgire, D. R. and Bindu, K. J. 1976. Effect of Azotobacter
inoculation on wheat (Triticum wvulgare). Madras
agric J. 63(11-12): 603-605



*Bahadur, K. and Sorabji, P. 1970. Ultraviolet irradiation
on nitrogen fixing bacteria and determination of
the inhibition and inhibition constant. Zentbl.
Bakt. Parasitkde. Abt II. 124: 493-497

Baldani, V. L. D., Alvarez, M. A. de B., Baldani, J. I. and
Dobereiner, J. 1986. Establishment of inoculated
Azospirillum species in the rhizosphere and in
roots of field grown wheat and sorghum. PIl1. Soil
90: 35-46 '

Barten, L. L., Johnson; G. V. and Miller, O. S. 1986. The
' effect of Azospirillum brasilense on iron
absorption and translocation by sorghum. J. pl.

Nutrn. 9: 557-565

Bhargava, S. S., Rathore, K. S., Siag, R. K. and Lal, M.
1981. Response of Azotobacter under varying levels
of nitrogen in bajra under unirrigated conditions.
Agric. Sci. Digest 1: 133-134

Bhatt, S. A., Pathak, 8. J. and Pandya, 5. M. 1991, Effeqt
of soil temperature and moisture on the survival of
Azospirillum spécies in soil. In Microbiol. Abstr.
p. 115 '

Bouton, J. H., Smith, R. L., Schenk, S. C., Burton, G. W.,
Tyler, M. E., Littell, R. C., Gallaher, R. N. and
Quesenberry, K. H. 1979. Response of pearl millet
inbreds and hybrids to inoculation with
Azospirillum brasilense. Crop Sci. 19: 12-16

Brown, M. E. 1974. Seed and root bacterization. Ann. Rev.
Phytopath. 12: 181-197

ii



iii

Brown, M. E., Burlingham, S. K. and Jackson, R. M. 1964.
Studies on Azotobacter species in soil III. Effects
of artificial inoculation on crop yields. Pl. Soil
10(2): 194-214

Brown, M. E. and Carr, G. R. 1984. Interactions between
_Azotobacter chroococcum and Vesicular-arbuscular
mycorrhiza and their effects on plant growth. J.
appl. Bacteriol. 56: 429-437

Charyulu, P. B. B. N., Nayak, D. N. and Rao, V. R. 1981.
Influence of rice variety to organic matter and
combined nitrogen. P1l. Soil 59: 399-405

Charyulu,-P. B. B. N. and Rao, V. R. 1980. Influence of
various soil factors on nitrogen fixation by
Azospirillum species Soil Biol. Biochem. 12: 343-
346

ciocco, C. A. D. and Caceres, E. A. R. 1994. Field
inoculation of Setaria italica with Azospirllum
species in Argentine humid pampas. Field crops Res.
37: 253-257

Cochran, W. G. 1950. Estimation of bécterial densities by
means of 'most probable number'. Biometrics 6: 105-
116

cohen, E., Okon, Y., Kigel, J., Nur, J. and Henis, Y. 1980.
Increase in dry weight and total nitrogen content
in Zea mays and Setaria italica associated with
nitrogen fixing Azospirillum Spp. P1l. Physiol. 66:
746-749



iv

Dart, P. J. and Day, J. M. 1975. Non-symbiotic nitrogen
fixation in soil. Soil Microbiology (ed.) Walker,
N., Butterworths, London p. 225-252

Day, J. M. and Dobereiner, J. 1976. Physiological aspects of
nitrogen fixation by spirillum from Digitania
roots. Soil Biol. Biochem. 8: 45-50

Desale, A. G. and Konde, B. K. 1984. Response of sorghum to
seed bacterization with nitrogen levels. J.

Maharashtra Agric. Univ. 9: 169-170

Dewan, G. I. and Rao, S. N. S. 1979. Seed inoculation with
Azospirillum brasilense and Azotobacter chroococum
on the root biomass of rice (Oryza sativa). PIl.
Soil 53: 295-300

Dey, B. K. 1972. Bacterial inoculation in relation to root
exudates and rhizosphere effect. I. Effect of
inoculation of Azotobacter in maize (Zea mays L.)
and of rhizobium in gram (Cicer arietinum L.) on
the amino acid, reducing sugar and organic acid
make up of root exudates and rhizosphere. Indian
Agric. 16(4): 301-306

*Dhar, N. R. and Seshacharyulu, E. V. 1939. Nitrogen
fixation in soil, not wholly a bacterial process.
J. Indian Chem. Soc. 16:557-562

phillon, G. S., Kler, D. S. and Chahal, V. P. S. 1980.
Effect of Azotobacter inoculation along with
different doses of nitrogen on the growth and yield
of wheat. 1Indian J. Agron. 25(3): 533-535



Dobereiner, J. 1974. Nitrogen fixing bacteria in the
rhizosphere. The Biology of Nitrogen Fixation (ed.)
Quspel, A. North Holland Pub. Co., Amsterdam, p.
86-120

Dobereiner, J. and Baldani, V. L. D. 1981. Prospects for
inoculation of grasses with Azospirillum Spp. In
Associate N, fixation Vol. II. (eds.) Vose, P. B.
and Ruschel, A. P. CRC. Press Inc., Boca Raton,
Florida. p. 1-9

*Doronskii, T. A. 1962. Some questions on the use of
bacterial fertilizers. Trans. Microbiol. 31: 1-16

*Dreesen, R. and Vlassak, K. 1984. Effect of Azospirillum
inoculation on winter wheat yield and soil biomass.
The third international symposium on nitrogen
fixation with non-lequmes 2-8 Sept., 1984.
Helsinke, Finland. (Abstr.) o

Durai, R. and Mohan, J. R. 1991. Study on Azotobacter in
economising fertilizer requirement in sugarcane.
Co—-operative sugar 22(9): 599-600

Elango, R., Sundaram, M. D. and Stalin, P. 1995. Preliminary
studies on the effect of stress tolerant strains of
Azospirillum on the growth and vigour of seedlings
of sunflower (Helianthus annus L.) Mysore J. agric.
Sci. 29: 61-67

Fulchieri, M. and Frioni, L. 1994. Azospirillum inoculation
on maize (Zea mays): Effect on yield in a field
experiment in central Argentina. Soil Biol.
Biochem. 26(7)El921—923 '



vi

Gallo, M. and Fabbri, P- 1990. Inoculation of Azospirillum

prasiliense ©OI chickpea (Cicer arietinum) .

Symbiosis g9(1-3): 283-287

*Gaur, A. C- and Mathur, R- S. 1966. gtimulating influence
of humic substances ©oR nitrogen fixation DbY

Azotobacter. gci. cult. 32: 319

Gaur, A. C.: sadasivam, K. v. and Vimal, o. P. 1971. A
study on the gecomposition of organic matter in an
alluvial soil: Cog evolution, microbiological and
chemical transformations. pl. Soil 35: 17-28

Gautam, R. C-: Kutty, M. M. and Kaushilk, S. K. 1985.
Effect of nitrogen, Azospirillum and intercropping
with cowpea and soybean on the yield of pearl
millet. Tndian J. agric. sci. 55(4): 269-273

*geller, I. A. 1957. Tncreasing the ef fectiveness of
pacterial fertilizers. zemledelie 1957 78: 81

chai, B. S., Chahal, V. p. s., singh, P., Sudagar; V- and
gupta, R. P- 1976. Ann. wheat. Newsl. 22:16-17

Ggirija Devi, 1985. Nutritional requirement of sesamum
variety"rhilothama in partially shaded uplands.
M.Sc. thesis, college of agriculture, Kerala

Agricultural University. vellayani

Gopalakrishnamurthy, A., Mahadevan, A. and Rangaswami, G.
1967. Effect of pacterization of rice seeds on the
rhizosphere microflora and plant growth. Indian J.

Microbiol. 7: 218



vii

Gopalaswamy, G., Narasimhan, v. and Kareem, &A. A- 1993.
Response of rice (IR;ZO) to Azospi;illum lipoferum
under direct sown condition. Bioinoculants'for
sustainable agricultural development. (eds.)
NMarasimhan, C- ..., Kannan, K., selvaraj, T- and
solaiyappan, A. R. A.V.V.M. sri Pushpam College,

poondi, Tamil Nadu. P- 237-246

Gopalaswamy, G., vidhyasekharan, p. and chelliah, S. 1989.
Effect of Azospirillum 1lipoferum inoculation and
inorganic nitrogen on wetland rice. oryza 26: 378~

380

*Govindan, M. 1982.. Studies oD piological nitrogen fixation
by Azospirillium in pearl millet (Pennisetum
americanum (L.) Leeke). M.Sc. (Ag.) thesis, Tamil

Nadu Agricultural University., Coimbatore

Govindan, M. and Purushothaman, D. 1985. Occurrence of
Azospirilluﬁ species, the nitrogen fixing bacteria
in certain plantation crops. Indian J. Microbiol.
25: 141-143

Goyal, S- K. 1991. Relevance ©Of piofertilizers to Indian
agriculture. Microbiol. Abstr. P- 110

Gupta, R-. D. and Tripathi, B. R., 1986. Nitrogen fixing
capacity of assymbiotic pacteria in some soils of
North-West Himalayas. J- Indian SocC- goil Sci. 34:
264~-270
Hardy, R. W. F. and Havelka, U. D. 1975. Nitrogen fixation
research. A key to world Food science 88: 633-643



viii

Hegazi, N. A. 1983. Contribution of Azospirillum Spp. to
asymbiotic nitrogen fixation in soils and on roots

of plant grown in Egypt. In: Azospirillum II.

Genetics, Physiology and Ecology. (ed.)
Klingmuller, W., Birkhauser, Verlag, Basel. p. 171-
189

Hegazi, N. A., Khawas, H. and Monib, M. 1981. Inoculation
of wheat with Azospirillum under Egyptian
conditions. Current perspectives in Nitrogen
Fixation. (eds.) Gibson, A. H. and Newton, W. E.
Australian Acad. Sci., Canberra, Australia

Hegazi, N. A., Monib, M., Amar, H. A. and Shokr, E. L. S.
1983. Response of maize plants to inoculation with
Azospirilla and (or) straw amendment in Egypt. Can.
J. Microbiol. 29: 888-894

Hill, W. A., Hill, P. B., Crossman, S. H. and Stevens, C.
1983. Characterization of N, fixing bacteria
associated with sweet potato roots. Canadian J.
Microbiol. 29: 860-862

Indu Bala and Kundu, B. S. 1988. Intergction between
Azospirillum species and wheat (Triticum aestivum)
varieties. Indian J. agric. Sci. 58: 227-229

Iswaran, V. 1964. Nitrogen fixation by Azotobacter as
influenced by soil extracts. Indian J. appl. Chem.
27(2): 98-100

Iswaran, V. and Sen, A. 1958. Inactivation of Azotobacter by
heat. Curr. Sci. 27: 341-342



Jackson, M. L. 1973. Soil chemical Analysis. Prentice Hall
Inc. Englewocod Cliffs. N. J. U.S.A. Prentice Hall
of India (Pvt.) Ltd., New Delhi. p. 498

Jagatheesan, L. 1984. Studies on biological nitrogen
fixation in finger millet (Eleusine coracana (L.)
Gaertn.) by associative symbiotic organism. M.Sc.
(Ag.) thesis, Tamil Nadu Agricultural University,
Coimbatore

Jagnow, 6. 1983. Azospirillum II. genetics physiology and
ecology. (ed.) Klingmueller, W. Brikhauser verlag
Basal. pp. 127 _ .

Jensen, H. L. 1954. The Azotobacteriaceae. Bacteriology
Reviews. 18: 195-214

Jensen, H. L. 1965. Non-symbiotic nitrogen fixation. Soil
Nitrogen. . (eds.) Bartholomew, W. V. and Clark, F.
E.- Madison, Wisconsin, American Society for
Agronomy Inc. p. 436-480

Jeyaraman, $. and Ramiah, S. 1986. Effect of Seedling root
dipping of Azospirlillum in rice. Madras agric. J.
73(4): 226-229 '

John, S. and Nair, V. G. 1990. Inter-relations of yield and
its components in sesame. Agric. Res. J. Kerala 28:
9-13

Kandasamy, D., Subramanian, P., Gopalasamy, G. and
Abdulkareem, A. 1991. Biofertilizer for rice crop.
In Microbiology Abstracts, 31 annual conference of
the Asso. of Microbiologists of India., Jan 23-25,
1991. (eds.) Kannaiyan, S. and Ramasamy, K. P. 105

Cix



Kapulnik, Y., Feldman, M., OKon, Y. and Henis, Y. 1985.
Contribution of nitrogen fixed by A=zospirillum to
the N nutrition of spring wheat in Israel. Soil
Biol. Biochem. 17: 509-515

Kapulnik, Y., Ckon, Y., Kigel, J., Nur, I. and Henis, Y.
1981. Effect of temperature, nitrogen fertilization
and plant age on nitrogen fixation by Setaria
italica inoculated with Azospirillum brasilense.
P1l. Physiol. 63: 340-343

* Kapulnik, Y., Sarig, S., Nur, I., Okon, Y., Levi, M.,
Kigel, J. and Henis, Y. 1979. Yield increases in
cereal crops inoculated with Azospirllum. Hassadeh.

60: 438-444

Kartha, A. R. S. and Sethi, A. S. 1957. A cold percolation
method for rapid gravimetric estimation of oil in
small quantities of oilseeds. Indian J. agric. Sci.
27: 217

Karthikeyan, S. 1981. Studies on the effect of nitrogen,
Azotobacter inoculation and FYM on maize. M.Sc.
(Ag). thesis, Agriculture College and Research
Institute, Tamil Nadu Agricultural Uuniversity,

Coimbatore

KAU, 1991. Research Report 1990-91. Kerala Agricultural
University, Vellanikkara, Thrissur

KAU, 1993. Package of Practices Recommendations ‘Crops'93.
Directorate of Extension, Kerala Agricultural

University, Vellanikkara, Thrissur



xi

Kaushik, S. K. and Gautam, R. C. 1980. Response of pearl
’ millet to nitrogen levels under dryland conditions.
Indian J. agric. Sci. 50: 577-580 '

Konde, B. K. and Patil, B. S. 1993. Yield and N - P uptake

by c¢hilli as influecned by glomus‘ and or
Azospirillum inoculations with phosphate levels.
Bioinoculants for sustainable agricultural

development. (eds.) Narasimhan, C. L., Kannan, K.,
Selvaraj, J. and Solaiyappan, A. R. A.V.V.M. Sri
Pushpam College, Poondi, Tamil Nadu p. 1-22

* Konde, B. K. and Shende, P. A. i984. - Effect of
Azotobacter chroococcum and Azospirilum brasilense
inoculations under graded 1levels of nitrogen on
yield of sorghum, maize, pearl millet and wheat.
"Abstract of working group meeting on cereal
nitrogen fixation, 9 - 12 Oct., 1994. ICRISAT,
Patancheru pp. 11 .

Kumar, K. and Balasubramanian, A. 1989. Evaluation of two
methods of Azospirillum biofertilizer application
in rice. Mysore J. agric. Sci. 23: 439-52

Kumar, R. and Lakshminarasimhan, C. 1993. Studies on
sugarcane - isolation of Azotobacter strains from
sugarcane fields and comparison with Azospirillum
strains in field conditions on sugarcane variety.
Bioinoculants for sustainable agricultural
development. (eds.) Narasimhan, C. L., Kannan, K.,
Selvaraj, T. and Solaiyappan, A. R., A.V.V.M. Sri.
Pushpam College, Poondi, Tamil Nadu, p 1-22.



xii

Kundu, B. S. and Gaur, A. C. 1980. Effect of nitrogen fixing
and phosphate solubulising microorganisms as single
and composite inoculants on cotton. Indian J.
Microbiol. 20(3): 225-229

L.akshminarasimhan, C. and Pannerselvam, A. 1991. Effect of
biofertilizer on rice. Microbiology abstracts, 31
annual conference of the Association of
Microbiologists of India. Jan. 23-25, 1991. (eds.)
Kannaiyan, S. and Ramasamy, K. p. 105

Lal, R. B. and De, R. 1980. Effect of levels of nitrogen
and agro-chemicals in the productivity of rainfed
wheat. Seeds Farms 4: 11-20

Lee, K. J. and Gaskins, M. H. 1982. Increased root exudation
of 14C compouﬁds by sorghum seedlings inoculated
with nitrogen fixing bacteria. P1l. So0il 69: 391-
399

Lee, K. K., Castro, T. and Yoshida, T. 1977. Nitrogen
fixation throughout growth and varietal difference
in nitrogen fixation by the rhizosphere of rice
planted in pots. Pl. Soil 48: 613-619

Lin, W., Okon, Y. and Hardly, R. W. F. 1983. Enhanced
mineral uptake by Zea mays and Sorghum, bicolor
inoculated with Azospirillum brasilense. Appl.
environ. Microbiol. 45: 1775-1779

Malik, R. K., Shende, S. T. and Singh, M. 1994. Effect of
Azotobacter chroococcum inoculation on yield and
yield attributes of aegyptian cotton. Indian .J.
. agric. Sci. 64(8): 552-554 - . ’ '



xiii

Manoharan, K. 1989, Effect of cycocel, Azospirillum,

- nitrogen levels and age of_seed}ings on growth and
yield of transplanted maize. M.Sc. (Ag.) thesis,
Agriculture College and Research Institute, Tamil
Nadu Agricultural University, Coimbatore

Mehrotra, C. L. and Lehri, L. K. 1971. Effect of Azotocbacter
incculation on crop yields. J. Indian Soc. Soil
Sci.. 19: 243-248

Menon, S. S. and Pillai, R. M. V. 1994. Response of cowpea
(vigna unguiculata (L.) Walp) to inoculation with
Azospirillum Proc. VI Kerala Sci. Cong., Jan, 1994. .
Thiruvananthapuram. p. 216 '

*Meyerhoff, O. and Burk, D. 1928. Uberdia fixation des
Luftstickstoffes durch. Azotobacter Z. Phys. Chem.
139: 117-147

Michell, G. A., Bingham, F. T. and Yermans. 1974. Growth,
mineral composition and seed characteristics of
sesame as affected by N, P and K nutrition. Soil
Sci. Soc. Ann. Proc. 38(6): 925=931

Millet, E. and Feldman, M. 1984. Yield response of a common
spring wheat cultivar to inoculation with
Azospirillum brasilense at various levels of
nitrogen fertilization. Pl. Soil. 80: 255-259

Mishustin, E. N. 1970. The importance of non-symbiotic
nitrogen fixing microorganisms in agriculture. P1l.
Soil 32: 545-554



xiv

Mishustin, E. N. and Naumova, A. H. 1962. Bacterial
fertilizers, their effectiveness and mechanism of
action. Mikrobiologiya 31: 543-555

* Mishustin, E. N. and Shilinkova, V. K. 1972. Biological
fixation of atmospheric nitogen by free-living
bacteria. In Soil Biology, Review of Research.
UNESCOQ, Paris. p. 82

Misra, A. and Naidu, K. M. 1990. Effect of biofertilizers
and their method of application on nitrogen economy

in sugarcane. Indian J. Agron. 35: 120-125

*Monib, M. Y., Malek, A. I., Hosny, T. T., Hadidy, El. and
Shahawy, R. El. 1974. Effect of organic matter
additions on microbial activities of Wadi-al-Natrun
soils. Zentraibl. Parasitank, Landwirtsch. Tech.
Microbiol. 129: 439-447

Mortely, D. G. and Hill, W. A. 1990. Sweet potato growth
and N, content following nitrogen application and
the inoculation with Azospirillum. Hort. Sci.
25(7): 758-755

Moursi, M. A. and Gawad, A. A. A. 1966. Growth and chemical
composition of sesame in sand culture with
different concentrations of N and P in nutrient
solutions. Ann. agric. Sci. 11(1): 211-217

Muthukrishnan, P., Raja, V. D. G., Nagarajan, M. and
Oblisami, G. 1981. Use if biofertilizer for ragi.
Tamil Nadu Agrl. University Newsl. 11:3



Nagre, K. T., Kokate, R. P. and Thorve, P. V. 1990. Effect

' of nitrogen and Azotobacter on drfmatter
production, concentration and uptake of nitrogen by
sorghum. PKV Res. J. 14(2): 188-190

Naik, K. R. and Dhagat, A. K. 1987. Response of Kodo and
Kutki millets under farmyard manure, Azotobacter
with low and high levels of nitrogen and phosphorus
JNKVV. Res. J. 21: (1-4): 147-149

Natarajan, T. and Oblisami, G. 1980. Effect of bacterial
inoculants on maize. In National Symposium on
Biological Nitrogen fixation in relation to crop
production. Dec. 29~31, 1980. Tamil Nadu
Adricultural University, Coimbatore, (Abstr.) p.24

Natarajan; T., Santhanakrishnan, P. and Oblisami, G. 1980.
Response of rice varieties to Azotobacter and
Azospirillum inoculants. In National Symposium on
Biological Nitrogen fixation in relation to crop
production. Dec. 29-31, 1980. " Tamil Nadu
Agricultural University, Coimbatore p. 25

Nelson, L. M. and Knowles, R. 1978. Effect of oxygen and
nitrate on nitrogen fixation and denitrification by
Azospirillum brasilense grown 1in continuous
culture. Can. J. Microbiol. 24: 1394-1403

Neyra, C. A. and Dobereiner, J. 1977. Nitrogen fixation in
‘ grasses. Advan. Agron. 29: 1-38

Nur, I., Okon, Y. and Henis, Y. 1980. An increase in
nitrogen content of Setaria italica and Zea mays
inoculated with Azospirillum. Can. J. Microbiol.
26: 482-485

XV



Oblisami, G., Natarajan, T. and Balaraman, K. 1976a.
Response of sunflower to Azotobacter inoculation.
Madras agric. J. 63(11-12): 657-658

Oblisami, G., Natarajan, T. and Balaraman, K. 1976b. Effect
of Azotobacter on rice crop. Madras agric. J. 63:
590-594

Oblisami, G., Natarajan, T., Thamburaj, S., Palanisamy, R.
and Muthukrishnan, €. R. 1976c. Effect of
Azotobacter treatment on sweet potato. Madras
agric. J. 63(11-12): 660-662

Okon, Y., Albrecht, S. L. and Burris, R. H. 1976a. Factors
affecting growth and nitrogen fixation of Spirillum
lipoferum. J. Bacteriol. 127: 1246 - 1254

okon, Y., Albrecht, S. L. and Burris, R. H. 1976b. Carbon
and ammonia metabolism of Spirillum lipoferum. J.
Bacteriol. 128: 592-597

okon, Y., Kapulnik, Y., Sarig, §., Nur, I., Kigel, J. and
Henis, Y. 1981. Azospirillum increases cereal crop
yields in fields of Israel. In current perspectives
in Nitrogen Fixation. (eds.) Gibson, A. H. and
Newton, W. E. Australian Acad. Science, Canberra,

Australia. p. 492

Pacovsky, R. S., Paul, E. A. and Bethlenfalvay, G. J. 1985.
Nutrition of sorghum plants fertilized with
nitrogen or inoculated with Azospirillum
brasilense. P1l. Soil 85: 145-148

xVvi



xvii

Padshetty, N. S., Ramaswamy, K. and Dayanand, A. 1986.
Effect of individual and combined inoculation of
Azospirillum 11poferum on wheat (Trltlcum aestlvum)
crop. Madras agric. J. 73(1): 30 31

Pal, U. R. and Malik, H. S. 1981. Contribution of
Azospirillum brasilense to the nitrogen needs of
grain sorghum (Sorghum bicolor (L.) Moench) in
humid subtropics. P1l. Soil 63: 501-504

Palarpwar, M. Y. 1983. Use of Azotobacter in wheat. Madras
agric. J. 70: 835-836

Panse, V. G. and Sukhatme, P. V. 1985. Statistical Methods
for Agricultural Workers. 4th edn. ICAR, New Delhi,

p. 348

Pareek, M. and Shaktawat, M. S. 1988. Effect of
Azospirillum, nitrogen and phosphorus on pearl
millet. Indian J. Agron. 33(3): 322-324

Patil, A. R. and Patil, C. J. 1970. Response of bajra 'HB 2°'
to various levels of nitrogen. Fert. News. 15: 4-6

pPatil, J. J. 1969. Microorganisms 1in the rhizosphere of
plants inoculated with Azotobacter chroccoccum. Pl.
Soil 31: 209-223

Piper, C. S. 1942. Soil and Plant Analysis. University of
Adelaide 39: 507-518

Porwal, B. L. and Singh, P. 1989. Effect of Azospirillum
on yield and yield attributes of sorghum. Madras
agric. J. 76(11): 606-609



xviii

Pothiraj, P. 1979. Effect of Azotobacter on the yield of
rainfed cotton. Madras agric. J. 66(1): 70

Prabhakara, K. S. and Rai, P. V. 1991. Interaction effect of
Azospirillum brasiliense and Pseudomonas species a
phosphate solubilizer on the growth of Zea mays.
Microbiology Abstracts, 31 Annual conference of the
association of microbiologists of India. Jan 23-
25, 1991. (eds.) Kannaiyan, S. and Ramaswamy, K.
p. 109-110

Prabhakaran, J. 1991. Significance of Azospirillum and VAM
on sorghum Co-26 in Alfisol. In Microbiol. Abstr.
p- 107

Pramer, D. and Schmidt, E. L. 1%66. Experimental Soil
Microbiology. Burgess Publ. Minneapolis. p. 107

Prasad, J. and Singh, R. S. 1984, Effect of Azolla, Seedling
bacterization with Azotobacter and Azospirillum
with and without nitrogen on paddy (Oryza sativa
L.) Indian J. agric. Res. 18(2}: 63-67

Prasad, M. and Prasad, R. 1994. Response of upland cotton
(Gossypium hirsuitum) to biofertilizers and N
fertilization. Indian J. Agron. 39(2): 334-336

Purushothaman, D. 1988. Upland rice responds to Azospirillum
biofertilizer. Madras agric. J. 75(3-4): 149-150

Purushothaman, D. and Govindarajan, K. 1993. Genotypic
influence of pearl millet (Pennisetum americanum)
on the association of Azospirillum. Bioinoculants
for sustainable agricultural development.. (eds).
Narasimhan, C. L., Kannan, K., Selvaraj, T. and
Solaiyappan, A. R., A. V. V. M. 8Sri Pushpam
Ccllege, Poondi, Tamil Nadu, p. 286-305



xix

Purushothaman, D. and Gunasekharan, S. 1980. Use of
Azospirillum. Tamil Nadu Agrl. University Newsl.
10: 3

Purushothaman, D. and Gunasekharan, S. 1981. Azospirillum: A
biofertilizer for «cotton. Tamil Nadu Agrl.

University Newsl. 11: 4

Purushothaman, D., Gunasekharan, S. and Oblisami, G. 1979.
Some studies on Azospirillum the assoclative
symbiont in certain tropical plants. Abstr. State
level workshop on microbial inoculants. Sept. 21,
1979, Tamil Nadu Agricultural University,
Coimbatore. p. 31

Purushothaman, D. and Menon, L. P. 1984. Nitrogen fixation
by few drug resistant mutants of Azospirillum.
Indian J. Microbiol. 24(3 and 4): 225-227

Purushothaman, D. and Oblisami, G. 1985. Occurrence of
Azospirillum in certain problem soils of Tamil
Nadu, Symp-. Soil Biology. Haryana Adricultural

Univ., Haryana

Radder, G. D., Yandagounder, B. A. and Krishnamurthy, K.
1969. Differential response of hybrid and local
bajra to fertilizer levels in the dry tract of
Bijapur. Mysore. J. agric. Sci. 3: 4395-443

Raghuwanshi, K., Veer, K. S. D. M., Kamat, M. 5. and Kale,

¥

S. P. 1991. Effect of biofertilizer on yield of
pearl millet. Microbiol. Abstr. p. 114



XX

Rahman, M., Singh, A. and Mishra, K. 1978. Effect of P
fertilization on the chemical composition and
nutrient uptake by sesame. J. Indian Soc. Soil
Sci. 14(1): 69-76

Rai, S. N. and Gaur, A. C. 1982. Nitrogen fixation by
Azospirillum species and effect of Azospirillum
lipoferum on the yield and N uptake of wheat
Crop. Pl. Soil 69. 233-237 ’

Ram, G., Patel, J. K., Chaure, N. K. and Choudhary, K. K.
1992. Single and combined effect of bioferti-
lizers, organic and inorganic fertilizers on
yvield of sunflower and soil properties under
rainfed conditions. Adv. Pl. Sci. 5(1): 161-167

" Ramakrishnan, A., Sundaram, A. and Appavoo, K. 1994.
Influence of fertilization on yield and vyield
components of sesamum (Sesamum indicum L.}. Madras
agric. J. 81{(12): 696-638

Ramanathan, N. and Prasad, N. N. 1993. Comparison of sesame
' varieties for the colonization of roots by
inoculated Azospirillum braéilense, Bioinoculants
for sustainable agricultﬁral development. (eds.)
Narasimhan, C. L., Kannan, K., Selvaraj, T. and
Soiaiyappan, A. R. A.V.V.M. S8ri Pushpam College,

Poondi, Tamil Nadu p. 306 - 308

Ramaniyam, K., Muhammed, S. V., Gopalakrishnan, S. and
Verannah. K. 1967. Studies on the physiology of
growth of Sesamum indicum L. with reference to
effect of season. Madras agric. J. 54(8): 4059-414



xxi

Rangarajan, M. and Muthukrishnan, P. 1976. Effect of various

’ organic manures and Azotobacter chroococcum on the
growth and yield. of paddy. Madras agric. J. 63:
{8-10): 611-615

Rangarajan, M. and Subramanian, R. 1993. Effect of
application of Azospirillum brasilense and organic
manureé on the growth and yield of rice and
nutrient availability in sustainable agriculture.
Bioinoculants for sustainable agricultural
development. (eds.) Narasimhan, C. L., Kannan, K.,
Selvaraj, T. and Solaiyappan, A. R., A. V. V. M.
Sri Pushpam College, Poondi, Tamil Nadu p. 311-331

Rao, K. L., Raju, D. V. N. and Rao, C. P. 1990. Response of
sesamum (Sesamum indicum L.) to nitrogen and
phosphorus under rainfed conditions. J. oilseeds
Res. 7: 117-120

Rao, S.W.V.B., Mann, H. S. and Paul, N. B. 1963. Bacterial
inoculation experiments with special reference to
Azotobacter. Indian J. agric. Sci. 33: 279-290

Rasal, P. H., Kalbhor, H. B. and Patil, P. L. 1986.
Azotobacter population as influenced by soil
properties. Madras agric. J. 73(4): 234-235

Rasal, P. H. and Patil, P. L. 1993. Effects of Azotobacter
and Azospirillum inoculation on germination of
hybrid sorghum. Madras agric. J. 80: 171-172

Reddy, A. N. 1981. Biofertilization in pearl millet (Co.6).
M.Sc. (Ag.) thesis, Tamil Nadu Agricultural

University, Coimbatore



xxii

Reynders, L. and Vlassak, K. 1982. Use of Azospirillum
brasilense as biofertilizer in intensive wheat
cropping. Pl. Soil 66: 217-223

Rosario, A. and Barea, J. M. 1975. Synthesis of auxins,
gibberellins and cytokinins by Azotobacter
vinelandii and Azotobacter bejjerinkii related to
effects produced on tomato plants. Pl. Soil 43:
609-618

Saha, K. C., Sannigrahi, S. and Mandal, L. N. 1985. Effect
of inoculation of Azospirillum iipoferum on
nitrogen fixation in rhizosphere so0il, their
association with root, yield and nitrogen uptake
by mustard (Brassica juncea). Pl. Soil 87:273-280

Saravanan, B. and Sundaram, M. D. 1991. Effect of individual
and dual inoculation of Azospirillum and Glomus
fasiculatum (VAM fungi) on the growth and yield of
sunflower. Microbiology Abstracts, 31 Annual
conference of the association of microbiologists
of India. Jan 23-25, 1991 (eds.) Kannaivan, S. and
Ramaswamy, K. p. 110

* Sarig, S., Kapulnik, Y., Nur, I. and Okon, Y. 1981.
Response of non-irrigated sorghum to Azospirillum
inoculation. Hassadeh 62: 412-414

Sarig, S., Kapulink, Y. and Okon, Y. 1986. Effect of
Azospirillum inoculation on nitrogen fixation and
growth of several winter 1lequmes. P1l. Soil 90:
335-342



- xxiii

Sarkar, R. K. and Shit ,D. 1991. Pulses and oil seeds can
be grown as catch crops in summer in Eastern
India. Indian Fmg. 41(9}: 5-6 )

Senniayan, P. and Arunachalam, L. 1978. Effect of NPK
fertilizers on rainfed gingelly TMV-3. (s.
indicum). Madras agqric. J. 65(5): 347-348

Sharma, M. L., MNamdeo, K. N. and Mishra, V. K. 1987.
Response of wheat to nitrogen and Azotobacter
inoculation. Indian J. Agron. 32(3): 204-207

Shetfy, K. 8. 8., Khan, A. N.A., Subramanyam, M. B. and
Patil, R. B. 1976. Studies on the Azotobacter
inoculation of crop plants. Madras agric. J.
63(11-12): 606-610

Shinde, D. B., Navale, A. M. and Jadhav, S. B. 1991.
Effect of AzZospirillum inoculation on yield of
sugarcane crop. In agricultural papers of the 4i1st
Annual convention of the Deccan Sugar technologists
Assoc. p. 219-223

*Simpson, J. E., Adair, C. R., Kohler, G. 0., Dawson, E. H.,
Debald, H. A., Kester, E. B. and Klick, J. T. 1965.
Quality evaluation studies of foreign and
domestic rices. Tech. Bull. 1331: 140-142

Singh, D. P., Prasad, S. D., Pandey, J. and Sharma, S. N.
1981. Studies on the effect of Azotobacter
inoculation, nitrogen and FYM on the yield of
maize. Indian J. Agron. 26(3): 355-356



xxiv

Singh, P. and Bhargava, S. C. 1994. Changes in growth and
yield components of Brassica napus in response to
Azotobacter inoculation at different rates of
nitrogen application. J. agric. Seci. 122: 241-247

*Singh, R. S. 1%984. Significance of nitrification
inhibitors, slow release N-fertilizers and
biofertilizers in nitrogen management in rice
field. Farmer Parliament 19(10): 13-14

Sivakumar, P., Sundaram, M. P. and Sajan, R. A. 1991.
Effect of inoculation of Azotobacter chroococcum at
graded levels of nitrogen yield and IAA production
in egg plant (Sclanum melongena L.) In Microbiol.
Abstr. p. 116

Sivappa, A. V. and Mariyakulanti, A. 1963. 1 Response of
Sesamum indicum to manuring. Madras agfié. J.
50(5): 75 ;

Smith, R. L., Bouton, J. H., Schank, S. C. and Quesenberry,
K. H. 1977. Yield increases of_troéical grains
and forage grasses after inoculation with
Spirillum lipoferum. Biological Nitréggn Fixation
in FParming systems of the Tropics. Jéhn Wiley and
Sons, U. K. p. 307-311 : '

1

*Smith, R. L., Schank, S. C., Bouton, .J. H. and
Quesenberry, K. H. 1978. VYield increases of
tropical grasses after inoculation with Spirillum
lipoferum. Ecol. Bull. 26: 380-385



XXV

Smith, R. L., Schank, S. C., Nilam, J. R. and Baltensparger,
A. A. 1984. Responses of sorghum and Pennisetum
species to the N, fixing bacterium“Azospirillum
brasilense. Appl. Environ. Microbiol. 47: 1331-1336

Sonoria, C. L., Singh, K. L., Ramahurthy, K. and Maurya, B.
R. 1982. Field trials with Azospirillum brasilense
in an ;ndo—Gangetic alluvium. J. Indian Soc. Soil
Sci. 30: 208-209

Sreedhar, R., Ramanugam, R. S. and Sivaram, M. R. 1988.
Azospirillum - A biofertilizer for sesame.
Oilcrops Newsl. 5: 66-67 |

Srinivasan, K., Ramaswamf, M. and Prabakaran, J. 1992.
Effect of Azospirillum on the growth and yield of
maize. Microbiolegy Abstracts, 51 Annual Conference
of association of microbiologists of India. Jan
23-25, 1991 (eds.j Kannaiyan, S. and Ramaswamy, K.
p- 115

Subba Raoc, N. 8. 1979. Crop response to microbial
inoculation. In Recent Advances 1in Biological
Nitrogen Fixation. (ed.) Subba Rao, N. S. Oxford
and iBH Publishing Co., (Pvt.) Ltd., New Delhi. p.
406-420

Subba Rao, N. S. 1981. Response of crops to Azospirillum
inoculation in India. In Associative N, Fixation.
(eds.) Vose, P.B. and Ruschel, A.P. CRC Press,
Inc., Boca Raton, Florida. p. 137-144



XxXvi

Subba Rao, N. S., Tilak, K.V.B.R., Lakshmikumari, M. and
Singh, C. S. 1980. Azospirillum a new bacterial
fertilizer. Indian Fmg. 30: 3-5

Subba Rao, N. S., Tilak, K.V.B.R. and Singh, C. S. 1980.
Field experiments on sorghum (Sorghum bicolor)
inoculated with Azospirillum brasiliense. Paper
presented at the All India sorghum workshop, TNAU,

Coimbatore

Subba Rao, N. S., Tilak, K.V. B. R., Singh, C. S. and Gowda,
B. K. L. 1983. Field response of finger millet
(Eleusine coracana) to inoculation with
Azospirillum brasilense. Curr. Sci. 52: 439-440

Subbiah, P. 1994. Effect of N, P and biofertilizers on yield
and nutrient uptake in chilli and .Bellary onion.
Madras agric. J. 81(5): 277-279

Subbian, P. and Chamy, A. 1984. Effect of Azotobacter and
Azospirillum on the growth and yield of sesamum
(Sesamum indicum). Madras agric. J. 71(9): 615-617

Subramaniam, P. 1987. Studies on the effec£ of method of
Azospirillum inoculation and N levels on the yield
of low land rice (IR-50). M.Sc. (Ag.) thesis,
Agriculture College and Research Institute, Tamil
Nadu Agricultural university, Coimbatore

Subramanian, A., Sankaran, S. and Velu, R. K. 1979. Yield
response of sesamum to nitrogenous fertilizer
application. Indian Agriculturist 23(1): 43-48



xxvii

Subramoney, N. 1950. A new species of Azotobacter isolated
' from the acid peats (Kari soils) of Travancore -

Cochin. Curr. Sci. 19: 279

Sundara Raoc, W. V. B. 1965. Bacterial fertilizers. In
Handbook of manures and fertilizers. ICAR, New
Delhi.

Sundra Raoc, W. V. B., Mann, H. S., Paul, N. B. and Mathur,
S. P. 1963. Bacterial inoculation experiments with
special reference to Azotobacter. Indian J. agric.
Sci. 33: 279-290

Thakre, A. U., Verma, R. M., Kale, P. B. and Kohale, S. K.
1992. Effect of Azotobacter chroococcum and
ﬁitrogen application on growth and yield of okra
(Abelmoschus esculentus (L.) Moench). PKV Res. J.
16(2): 276-278

Tilak, K. V. B. R. and Murthy, B. N. 1983. Response of
barley (Hordeum vulgare) to inoculation with
Azospirillum brasilense. Curr. Sci. 52: 257-258

Tilak, K. V. B. R., Singh, C. S., Roy, N. K. and Subba Rao,
N. 8. 1982. Azospirillum brasilense and Azotobacter
chroococcum inoculam, effect on yield of maize (Zea
mays) and Sorghum (Sorghum bicolor). Soil Biol.
Biochem. 14: 417-418

Tilak, M. and Sundaram, .M. D. 1991. Effect of different
levels of nitrogen and neem cake on the occurrence
of nitrogen fixing bacteria in rice. In Microbiol.
Abstr. p. 113



xxviii

Tomar, R. K. S., Namdeo, K. N., Raghu, J. S. and Tiwari, K.
P. 1995. Efficacy of Azotobacter and plant growth
regulators on productivity of wheat (Triticum
aestivum) in relation to fertilizer application.
Indian J. agric. Sci. 65(4): 256-259

Van Berkum, P. and Bohlool, B. B. 1980. Evaluation of
nitrogen fixation by bacteria in association with
roots of tropical grasses. Microbiol Rev. 44: 491-
517

*Vancura, V. and Macura, J. 1959. The development of
Azotobacter in the oat rhizosphere and its effect
on the yield. Folia Microbiol. 4: 200-202

Venkateswarlu, B. and Rao, A. V. 1983. Response of pearl
millet to inoculation with different strains of
Azospirillum brasiliense. P1. Soil 74: 379-386

Wani, S. P., Dart, P. J. and Upadhyay, M. N. 1983. Factors
affecting nitrogenase activity (C,H, reduction)
associated with sorghum and millet estimated using
the s0il core assay. Can. J. Microbiol. 2: 1063~
1069

Wani, S. P. and Rai, P. V. 1980. Response of sorghum'to
foliar sprays and seed inoculation with
Azotobacter. Indian J. Microbiol. 20{(4): 319-320

Watanabe, F. S. and Olsen, 8. R. 1965. Test of an ascorbic
acid method for determining phosphorus in water
and NaHCO; extracts from soil. Soil Sci. Am.
Proc. 29: £679-680



XXix

Watanabe , I. and Lin, C. 1984. Response of wet land rice to
inoculation with Azospirillum lipoferum and
Pseudomonas species Soil Sci. Pl. Nutrn. 30:117-124

Weir, L. 1980. Nitrogenase activity associated with three
tropical grasses growing in undisturbed soil
covers. Soil Biol. Biochem. 12: 131-136

Yadav, K., Prasad, V. Ahmad, N. and Mandal, K. 1992.
Response of maize genotypes to Azospirillum
lipoferum in calcareous soils. J. Indian Soc. Soil
Sci. 40: 195-197

Yadav, L. N., Kesharwani, A. K., Verma, B. K. and Tiwari, Y.
D. 1991. September sown sesamum gives higher yields
in Madhya Pradesh. Indian Fmg. 4(1): 34-35

Yahalom, E., Kapulnik, Y. and Okon, Y. 1984. Response of
Setaria italica to inoculation with Azospirillum
brasilense as compared to Azotobacter chroococcum.
Pl. Soil 82: 77-85

Yoshida, T., Roncal, R. A. and Bautisa, E. M. 1973.
Atmospheric nitrogen fixation by photosynthetic
microorganism in a submerged Philippine soil.
Soil. Sci. Pl. Nutrn. 19: 7-123

Zambre, M. A., Konde, B. K. and Sonar, K. R. 1984. Effect of
Azotobacter chroococcum and Azospirillum brasilense
inoculation under graded levels of nitrogen on
growth and yield of ﬁheat. Pl. Soil. 79: 61-67

* Originals not seen



Appendices




el S [P P B T e S ey P S o —— i o —— e (U o ———— — — G i o Bt S S S S S T (e e S S S — — ——— ——

Week number Temperature Relative Sunshine Rainfall

Max°C Min°C humidity (hrs) (mm)
(%)
3 31.7 23.8 71 10.5 -
4 33.3  21.8 77 9.6 -
5 33.4 24.2 69 10.8 -
6 34.7 23.4 71 10.3 -
7 35.6 22.6 79 4.6 -
8 36.1 23.4 89 3.8 0.5
9 37.2 23.1 90 4.3 -
10 . 36.9 23.8 86 4.6 1.8
11 37.8 23.8 B2 3.3 1.0
12 38.9 23.7 75 5.2 -
13 . 36.5 24.5 86 4.6 -
14 37.5 24.4 86 4.4 54.8
15 36.3 24.7 89 4.0 46.2
16 35.7  25.0 - 87 3.9 12.6

17 37.2 25.5 85 4.0 5.1
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APPENDIX - IT

Nitrogen content (%) of sesame at different stages

———-u.-——_-.._-——..-n_—-----—-——_———-—n_——-——q--—_—n_—--—-—--——..-—--——o-——_—--_

Harvest

Treatment 30 DAS 60 DAS  m=-memmem e

Haulm Shel] Seed
30 kg N/ha as urea 2.43 1.61 1.56  0.73 3.38
Azospiri1lumt50% N+1ime 2.99 1.86 1.52 0.73 3.45
AzospirilTum50% N 2.31 1.43 1.61 0.74 3.43
Azospirillum+25% N+lime 2.43 1.91 1.24 0.69 3.36
Azospirillum+25% N 2.64 1.89 1.56 0.73 3.38
Azospirillum+1lime 2.78 1.73 1.22 0.72 3.34
Azospirillum 2.54 2.03 1.25 0.70 3.33
Azotobacter+50% N+1ime 2.43 1.83 1.63 0.72 3.32
Azotobacter+50% N 2.82 1.79 1.31 0.65 3.40
Azotobacter+25% N+lime 2.54 1.86 1.26 0.73 3.29
Azotobacter+25% N 2.43 1.54 1.12 0.70 3.40
Azotobacter+1ime 2.31 1.47 1.34 0.68 3.35
Azotobacter 2.26 1.40 1.07 0.65 3.27
AbsoTute control 2.26 1.68 1.32 0.66 3.39

_--———-__-—-—-—-.———-——-..-——--————-__-——_—-.._—_-__—.-..-—-_————-———————-——-



APPENDIX - III

Phosphorus content (%) of sesame at different stages

A el S e ] P R S ot 0 e S P e S Y A mm md Sk e e e kM e E e G e S M e

Harvest

Treatment 30 DAS 60 DAS  --m-memeemmecccrcmnncnea

Haulm Shell Seed
30 kg N/ha as urea 0.3  0.27  0.15  0.16 0.5
Azospirillum-50% N+1ime 0.45 0.35 0.14 0.15 0.52
Azospirillum+50% N 0.33  0.27  0.15  0.14  0.52
Azospirillum+25% N+lime 0.40 0.33 0.15 0.13 0.53
- Azospirillum-25% N 0.43 0.34 0.13 0.13 0.51
Azospirillum+1ime 0.44 0.29 0.12 0.13 0.50
Azospiritlum 0.38 0.33 0.15 0.12 0.50
Azotobacter+50% N+1lime 0.37 0.34 0.17 0.18 0.52
Azotobacter+50% N 0.43 0.32 0.15 0.16 0.52
Azotobacter+25% N+lime’ 0.39 0.33 0.14 0.16 0.53
Azotobacter+25% N 0.35 0.27 0.15 0.14 0.52
Azotobacter+iime 0.35 0.29 0.13 0.12 0.52
Azotobacter 0.39 0.29 0.16 0.16 0.51
Absolute controi 0.38 0.34 0.12 0.14 0.51



APPENDIX - IV

Potassium content (%) of sesame at different stages

-—__--—_———-.__—_--—-_——q-—-———--————uu-—---———---_-——————————-u-————-——_

Azotobacter 3.03 1.90 .68 1.72

Harvest

Treatment 30 DAS 60 DAS  --====-mmmemeemeeeeeea

Haulm Shell Seed
30 kg N/ha as urea 2.7 1.65 1.67 1.73 0.69
Azospirillumt50% N+1lime 3.2 2.10 1.67 1.98 0.67
Azospiri Hlum+50% N 2.83 1.65 1.57 1.70 0.67
Azospirillum+25% N+lime 2.88 1.98 1.60 1.72 0.67
Azospirillum+25% N 2.98  2.10 1.65 1.73  0.70
Azospirillum+1lime 3.20 1.87 1.57 1.68 0.69
Azospirilium o 2.83 2.17 1.56 1.69 0.69
Azotobacter+50% N+lime 2.85 2,10 1.73 1.97 0.73
Azotobacter+50% N 3.15 1.88 1.83 2.03 0.68
Azotobacter+25% N+lime 2.95 2.12 1.70 1.72 0.66
Azotobacter+25% N 2.70 1.80 1.54 1.72 0.68
Azotobacter+lime 2.83 1.93 1.60 1.68 0.66

1 0.

1 0.

Absolute control 3.03 2.17 .h9 1.69
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ABSTRACT

A field experiment was conducted in the rice fallows
of Agricultural Research Station, Mannuthy, during the
summer season {(January - April) of 1995, to find out the
. effectiveness of biofertilizers on the growth, yield and N
economy of sesame. The experiment was laid cut in
ragdomised block design with 14 treatments replicated
thrice. The treatmen£é included were, the recommended dose
of inorganic N € 30 kg/ha alone, inoculation of Azospirillum
or Azotobacter along with 50 per cent, 25 per cent.or no
inorganic N, either with or without lime and an absolute

control.

Most of the Qrowth characters, yield attributes and
yield were highest in the plots applied with the
recommended dose of 30 kg inorganic N/ha alone; The crop
nutrient uptake and available soil nutrients were also
higher in the above treatment. The better initial physical,
chemical and biological conditions of the soil, along with
the added inorganic N fertilizer € 30 kg/ha might have
contributed to a better nutrzent supply from the imnitial

growth period itself.

Though, both the microbes, Azospirillum and Azotobacter

showed almost similar - performances regarding various



parameters, a slightly better response was ‘shown by
- Azospirillum in most cases. ‘This might be due to the fact
that Azospirillum is a better root coloniser than the
freeliving Azotobacter, which led to better nutrient uptake
and ultimately yield of the crop, compared to Azotobacter

inoculated treatments.

Lime application, along with the inoculation of acid
tolerant strains of the microbes, had no profound

influence on the parameters studied.

Thus, the study revealed the necessity of the
application of recommended dose of inorganic N fertilizer
€ 30 kg/ha for sesame grown in summer rice fallows. It also
showed ' the lesser possibility 6f inorganic N substitution
with Azospirillum or Azotobacter inoculation in such a-
situation. Moreover, 1liming could not bring about any
significant influence on the activity of acid tolerant

strains of either Azospirillum on Azotobacter.
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