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INTROBDUCTION

Soybean (Glycens max (L.) Merrill) is cultivated in mamy
parts of the world as a rich source of protein and oil. However,
its cultivation in large areas in India is relatively recent.

Large scals experimentation of soybean in India was
was started in the 1960's. By 1970 several varieties were
released for oultivation especially in the northern Jtates
of the country. 4 world collection of over 800 varieties
was sareenesd for suitability im South India at IARI Sud
Centre at Coimbatore. Based on this, about 25 varieties
were selocted as suitable for this region. These 25
varieties were again tested for their performanco in red
loan soils of Hannuthy, Trichur since 1976. The variety
BC 39821 was found to perfors well.

Being & legume, it is expected that the soybean plant
will mest its own nitrogen requirement through symbiotio
nitrogen fixation. However, as it is a new introduction,
the soll may not de having the effeotive strains of sodulating
bacteria, jihisobjum japonious, If this is the oase, most of
aitrogen required for this orop should be met by soil supplies
of minsral nitrogen. Again, if the native population of symbiotic
nitrogen fixing organisms are not effeotive in nitrogen fixation,

a drastio improvement of crop perforsance must be expected due



to artificial inoculation with rhisobial cul tures containing
the appropriate strains,

In the presence of effeotive strains of symbiotio
nitrogen fixers, an inverse relationhip between nitrogen
fixation and quantity of mineral nitrogen in soil is often
observed. In many of the instances, & more or less eoffective
balancing between nitrogen supply from soil and depression in
symbiotic fization have been reported. In such a situation no
additional benefit due to nitrogen fertilisation may be expected
in terms of growth, yield and nitrogen uptake in inooulated
soybean., In the uninoculated crop, on the ontrary, there must
be favourable crop performance, yiedd and uptake of nitrogen
with increasing levels of applied fertiliser nitrogen, If
this is the trend of results, it must then be possible to
arrive at the fertiliser equivalent of symbiotic nitreogen
fixation due to culture imoculation by coaparing the nitrogen
uptake of inoculated unfertilised crop with the uptake of wun-
inooculated fertilised crop. It will thus be possidle to
work out the advantage due to rhisodial culture inoculation
in quantitative terms,

It is reocgnised sinoe long that the appropriate species
of Rhisobium is different for different logumes. It was later

established that there are strain differences ¥ithin a species



of Rhisobium and that the most effective strain was different
for different legumes within a oroess inoculation group. Roo;lt
work on this line indicates further that the most effeotive
strain oan be differeat for different soils. It is also
known that in any soil, with the probabls exception of soils
in which a legume is contimiwusly grown, thers will not be
an adoquato rhisobial population initially. Population
build up and effeotive nodulation ocour gradually and

the time lag varies with situations. Many an occasion,

the time required is so long that ths orop say initially
suffer for want of nitrogen. In such situations also,
artificial oulture inoculation is recommended to ensure

an adequate initial miorobial population. Some advantage
may thus be expected froa rhisobial inoculation in the
presence of native effeotive strains also.

The present study consisted of studying ths perforsmance
of soybean (variety EC 39821) at graded levels of nitrogen
with or without culture inoculation. The main objectives
of the study were the following:

1. To assess ths nitrogen requirement of the crop under
inoculated and uninooculated mnditions,

2. To arrive at the fertiliser equivalent of rhisobial
inoculation.

3. To study the effect of rhisobial inoculation (Rhisobium
Jeponicum) on the performance of soybean,
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REVILW OF LITERATURE

A, Effect of applied nitrogen on soybean

A.1 Bffect on growth and yield
Experimental results on the effect of nitrogen nutrition

on the yield of soybean had been widely varying. Most of

the experiments involving graded doses of nitrogen showed
positive response upto a relatively low level of applied
nitrogen only. There hed been however, marked deviations

from this general trend. In sons cases, there was no
advantage due to nitrogen application and in some others
significant response was obtained upto a relatively high

level. A brief review of the work done on this aspect is given
below, grouping the experiments under the above three

categories,

Reo gt al (1972) reported response in soybean yield
upto 60 kg nitrogen per hectare during the khariff season.
During the rahl season, on the contrary, there was signi.
ficant response upto 180 kg nitrogen per hectare. Inoculation
with rhisobial culture was done in both cases, Veeraswamy
and Rethinaswamy (1974) observed that nitrogen application

at 50 kg per heotare significantly increased grain yield over



the control of no nitrogen supply and treatments with

25 kg nitrogen per hectare during the Monsoon season.

During the other two seasons there was no yield increase

due to appliocation of nitrogen. Kesavan and Morachan

(1974) observed that appliocation of nitrogen resulted in

a significant increase in protein conteat of grain,

though a similar yield increase was not obtained. In a

pot experiment by Nair and Tajuddin (1974) it was observed
that there was a significant increase in plant height upto
200 ppm of applied nitrogen. Kang (1975) studied the

effeot of nitrogen fertilisers on soybean, with and without
inoculation. [KNitrogen application combined with inoculation
was found to increase yield, dry matter, nitrogen uptake,

pod number, seed weight and nitrogen content, It was
concluded that 30 kg and 60 kg nitrogen per hectare were
needed with and without inoculation respectively for maximua
yield. Agarwal and Narang (1973) reported that maximum
grain yield was obtained by the application of 20 kg nitrogen
per hectare. Applied nitrogen was also found to increase
the protein and o0il content of grain appreciably. 3istachs

(1976) based on field trials suggested that moderate yield



of soybean can be obtained from inpculated ourrently
availadle soybean cultivars with or without a small
dressing of nitrogen. Sable and Kspe (1976) reported
significant linear increass in grain yield due to nitrogen
upto 60 kg per hectare. Dry matter, pod and grain weight
were also found to increase with increase in levels of
nitrogen upto this level, but not beyond. Hundred grain
weight also showed a similar trend., bhangoo and Albritton
(1976) found that seed yield from nodulating lines of soybean
at low nitrogen level asjuals those from the nom-nodulating
lines at 112 kg and 224 kg applied nitrogen per heotare.

At the anlgher nitrogen rates yield from both nodulating
and non-nodulating lines were similar. Symbiotic nitrogen
fization was found to, practically, cease with 448 kg
nitrogen per hectare while with 56 kg nitrogen per hecsare
there was no inhibition of symbiotic nitrogen fixation.
based on the oxperiments, it was recommended that for
greatest utilization and sfficisncy of fixed nitrogen,
applied nitrogen should ds in the range 50 to 112 kg per
hectare with allowanos for residual soil nitrogen. able

and Khuspe (1977), in an experiment found that there was



incresse in mumber of pods, plant height and grain aud
etover yield upto 30 kg nitrogen per hectare.

Andrews (1937) reported that ammonium sulphate imoreased
the yield of soybeans signifiocantly when applied in large
amounts, but it had little influence on its nitrogen conteant,
Takur and Hasan ( 1972) observed that the yield variations
due to different levels of nitrogen were significant upte
190 kg per hectare. Though there was significant increase
is yield due to Hhisobium inpoulation, the deficiencies
disappeared at the highest level of nitzogen vis 120 kg per
hectare, The inhibiting effect of mineral aitrogen
supplied through the fertilisers was atiributed to bs the
reason for the lack of signifiocant advantage due to
inoculation at high nitrogen levels. In e experimsnt
by Lawn ot al (1974) supplemental nitrogea (448 kg per
hectare) was applied as ammonium nitrate at the end of
flowering. Seed yleld and sesd protein sontent increased
by the application of nitrogen., Bhangoo and Albrittoa
(1976) obtained yield inoreases in response to nitrogen
(upto 220 kg per hectare) of 16 to 33 per cent more than
check plots and 5 to 21 per ceat more than /K plots during



1968 and 1969.  Pal and Saxena (1976) conducted field
experiments to determine the effect of varying levels of
aitrogen fertilisation. They found that sitrogen
Tertilisation upte 300 kg per heotare had little effect

on nitrogen concsntration, ampunt of nitrogen in different
plant parts or whole plants, aitrogen accumsulation rate and
seed yield per plant in inoculated nodulating lines., In non-
nodulating imso~-lines, the above attridutes were significantly
improved by application of nitrogen upto very high levels.
The performance of non-nodulating lines reached parity

with the nodulating lines at 200 to 300 kg anitrogen per
hectare. Symbiotic nitrogen fixation was found to decrease
practically to sero when nitrogen rate exoeeded 224 kg per
hectare. Fifty kg nitrogen had little effect on nitrogen

fixation.

Andrews (1938} reported that inooulation produced
significant increases in yield of soybeans where nitrate
of soda or oyansmide was used and did not where ures or
emsonium sulphate was used, He also found that imoculation
did not increase the nitrogen content of soybean eignifiocantly
where any sources of aitrogen were used. Lyons and Barly
(1952) 1in a two year field etudy observed that with adequate



rainfall, moderate temperature and 30 to 40 days additional
growing season, there was little or no response to added
nitrogen. Welch (1974) found that neither nitrogen nor
planting date affeoted yield. Kesavan and Morachan (1974)
als0 reported that nitrogen applioation had no effect on
seed yield or oil oontont. Carson and Shubeck (1974) in
an experiment found that application of nitrogen upte 120 kg
per hectare with 30 kg each of phosphorus and potassium

did not inorease soybean seed yield. Williamseon and
atloff (1975) conducted fisld experiaents over four
seasons. They observed that aitrogen upto 154 kg per hectare
did not produce any responss on nodulated soybdeans.

Olsen at al (1975) also observed e similar trend in Bragg
soybean, Pal and Saxena (1973) reported that nodulating
lines of soybsan did not respond to nitrogen when they

were either effectively inooculated or raised in a field
which had been under inooulated soybean in the past.

Ruis et al (1976) found that nitrogen had no effect on yield
of soybean upto 210 kg per heotare. Effect of concentration

*
and source of added nitrogea (NH4 or MO3" ) on nodulation,

nitrogen fixation and yield was studied in nutrieant solution
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by Joseph (1977)., Hodulation and nitrogen fixation were
found to be severely suppressed by the addition of nitrogen

either as NH4+ or ¥O3 ,

A,2 Bffeot on nodulatiom

The reported relationship between levels of applied
nitrogen and nodulation of soybean had been usually inverse,
irrespective of the quantity of nitrogen applied. However,
there are a very few instances in which there had been
benefit on nodulation characteristics due to application

of nitrogen in relatively small amountas.

Fellers (1918) reported that sodium nitrate inhibited
nodule formation and consequent fixation of atmospheric
nitrogen., Hels and Whiting (1928) found that normal
nodulation of soybean was seocured in non-fertilised soils
of 25 to 40 per cent moisture content. Fertiliser
application in amounts large eneugh to lower the percentags
of germination also decreased nmodulation. Application
of either ammonium or nitrate salt in the above amounts
deoreased nodule formation. Doolas and George (1938)
studied the effect of sonal distribution of nitrogen on

nodulation of soybean. 4pplication of nitrates to a
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portion of root sone resulted in a decrease in nodulation in
this zone as compared to the nitrate free sone of the eame
plant, However,at very high levels of application of
nitrates, the depressive effect of nitrate applied to a

sone was also transmitted to the nitrate free sone. As
compared to the decrease in nodulation due to the application
of nitrates to the entire root sone, application to a

single sone only resulted in a lower decrease in nodulation.
In general, the depressive effects were more pronounced on
the weight and development than in the number of nodules.
Beard and Hoover (1971) reported that npodule number per
plant was linearly and inversly related to the rate of
nitrogen application. This inhibitory effect of fertilisers
on nodulation was observed enly when the fertilisers were
applied at the time of planting but not when applied at
flowering. Experiment conducted by Shakra and Bassiri
(1972) indicated that nitrogen fertilisation upto 120 kg

per hectare reduced the total number of nodules per plant,
Raoc and Reddy (1972) reported that highly signifiocant
reduction im nodule number was noticed due to nitrogen levels,
The maximum number was at O lwel of nitrogen and lowest at

180 kg per hectare. Rao and Mader (1975) studied the
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nodulation process st different levels of nitrogen on
the varieties REC 39824 and EC 14437. Hodulation started
from the 22nd day and the maximum was attained on the 67th
day. TlYe nodule mumber declined then onwards through
disintegration. Plants in cntrol plot (no nitrogen)
produced the largest number of nodules and the number
decreased with increased nitrogen levels at each stage of
observation, the decrease dbeing significant 67 days after
seeding., The number of nodules present at 60, 120 and
180 kg nltrogen per heotare levels worked out to 90.5,
79.4 and 68.4 per cent respectively. Ham gt al (1975) found
that nitrogen fertilisation increased seed yield, weight
per seed and seed protein percentage in soybean., In
nodulating plants, fertiliser nitrogen decreased nitrogen
fixation, plant nodule weight, nodule number and weight per
nodule, Hinson (1975) reported that nitrogen reduced nodule
nusber, In an experiment Bhangoo and Albritton (1976) found
that nodulation was decreased significsntly by as mueh as
S0 per cent with applied nitrogen.

Hatfield et al (1974) studied the effect of applied

nitrogen on nodulation and early growih, They found that
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the mumber of nodules was increased by the addition of nitrogen

for 2 weeks following @sedling emergencs in the variety tried.

30’ Ef $C

dgsults on the response to artificial inoculation with

cultures ocontaining Rhisobium lnponim had been contradioting,

in somse cases there deing drastio incremses in growth and
yield of soybean and in anome others very little or oo

reaponse.

Lynch aad Sears (1952} deaigned an experiment to
evaluate the importance of inmoculation of soybean when grown
on land where well nodulated sybeans had been grown
previcusly. They obaerved that neither soil treatment no»
interval of time since the host plant had been grown had
any influence upon orop response to inoculation. Ziven on
plots which had not grown soybean since 1939 inopoulation
did not increase soybean yields. Dadarwal and 3ea (1971)
found that the survival of & large population of inooculated
Rhisobium on the surface of legume seoed is necessary for
improving the ohances of root-hair injection and thereby

nodulation. Aocording to 3ingh and Choubsy (1971) the



quantity of nitrogen fixed by the different atrains of
Rhisobium is in the range from 80 to 100 kg nitrogen per
hectare in one planting season. Jingh and Saxena (1972)
oconducted field experisents in 1968 and 1969 in silty
clay loam 80il rich in nitrogen and available phosphorus
to evaluate the influence of nitrogen and inoculation on
grain yield and yield contributing characters of Bragg
soybean. They observed that inoculation inoreased grain
yielda considerably at all levels of nitrogen although
the magnitude of differences was somewhat reduced at
higher rates of i ertilisation. An inorease in nitrogen
level from O to 80 kg per hectare in 1968 resulted in a

linear increase in yield in the absence of inoculation

because the nitrogen application recouped deficiency caused

by lack of nodulations. DBut in the inoculated crop,

14

there was & linear reduction in yield as a result of increase

in the nitrogen level in the same range. It was ooncluded

that the reduction in the anitrogen supply to the plants as

a result of impaired symbiotic nitrogen fixation owing to

the high rates of nitrogen application could not be counter-

acted by the increased mineral mitrogen supply from the



fertiliser. The offect of inoculation and nitrogen upto
80 kg per hectare on the yield in 1969 was similar to those
in 1968. In the experiment during 1969, nitrogen levels
were raised upto 240 kg per hectare and the results

showed similar performance of inooulated and uninoculated
plants at 160 and 240 kg per hectare. Varma and Tiwari
(1976) reported that oil percentags of seed decreased

with increase in soybean yield and this decline was more
marked following inoculation. 1In a small plot field trial
conducted by Scos gt al (1976) in Cubs, treatment with
Rhigobium japonicum increesed nmodulation and yield of
soybean. Peterson et al (1977) reported that high rates
of inoculation at the rate of 104 to 108 rhisobia per seed
at the time of planting increase soybean yields.

Prokopenko and Vashehenko (1977) reported that seed
inoculation increased plant height, nutrient uptake, plant
dry matter, nitrogen content, seed yield aud protein
aocumulation. The increase in seed yield was 17 per cent
and inorease in protein accumulation 2.34 per cent.

Inoculation also tended to accelerate maturity.

Bajpal at al (1974) observed that rhisobial strains

significantly increased yields of soybean., Fal and

13
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Saxena (1975} reported a marked incresse in nodulation of
Clark and Harosay soybeans oonsequent to inmoculation., Rao
and Viswanatha (1974) found that imoculation increased
namber of nodules, dry weight of nodules and yield. Chesney
Had ot a} (1973) and Tilak (1975) also reported increase in
yield due to inoculation. Similar yield increases due to
rhizobial inoculation on other legumes have been reported by
Chahal et &l (1976), Haheswari (1974), Ssbu &nd Baheers
(1972), Kadam g% gl (1977), Xlengo et al (1977) and

Basdieek g% ab (1976).

Cardwell and Johnson {1971} found that soybean seed
yields and seed protein percentages were not significantly

increased by inoculating soybsan seeds with Rhisobiua

japonicum at planting time. Miller (1972) reported
that inoculation 4id not effect significantly the yield

of soybsan,

B,2 HRfficiency of rhizobial straius

sxperiments on the comparison of efficiency of
different strains of Rhisobium had been widely done. In
elmost all the experiments, considerable differences in the

efficiency of strains had been observed. The results of
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experiments conducted to coumpare the performance of differeant
rhisobial strains on differeant soybean varieties indicated
specificity of strains on different varieties. The most
effectiv: strain was alsc found to be ditferent in different
seasons for the same variety in some cases. & few

reports are available comparing the performance of

Bhizobium Japoricum isolates from other legumes on

soytean, Only some of these strains were found to induce
acdulation but even these strains were ineffective on
soybecan, Studiex on the effect of competition by rhisosphere

bacteria on Rhivobium japonicum in general indicated that

though a significant competition is noticed in agar medium,

such a competition is non-existant in culture solutions

and Blorile s0ils, vork on the residual effect of culture
inoculation indicated a higher residusl effect, when local strains

were used as compared to introduced strain.

Harper and furphy {1928) reportod that considerable
differsncos exist in the ability of various cultures of soybean
bacteria to produce nodules. Rui and 3arles (1937) studied
the response of soybean inoculated with good strains and

poor strains of Khizobium japonigum., The relative

offectiveness of the strains was studied. The effective
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strains of Rhisobius japonicum produced relatively few

large nodules, the majority of whioh were located in

the immediate vicinity of the tap root near the surface

of the s0il whereas ineffective strains produced very
small nodules that were scattered over the entire root
systen. The ineffective strain produced a greater numder,
valune and weight of nodules oa each plant than the
effective straina. The effect of Rhizobinm Japonious
strains oa several growth characteristic of Lee soybeans
was evaluated in field experiments by Abel and Erdman
(1964). In fields free of soybean rhisodia, some

strains were more effective than others in increasing

seed yield, protein percintage of seed, root nodule,

green leaf colour and fresh plant weight and decreasing oil per-
centage of seed. One strain was effec.ive on one year

and ineffective in another., They found that single
strains were not better than strain mixtures. Burton

and Curby (1965) tested the effectivenuss of 2 types of
ocommercial inoculants commonly used ia pre-inoculating

soybeans in a field free of soybean Rhisobium, The
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peat inoculant was superior to the broth inoculant in all
time periods, iHighly significant increases over the
nob-ino ilated plots were obtained where inoculant was
applied as long as 21 days in advance of planting. They
also found that effective nodulation of soybean under
field conditions is dependant not only on the presence of
large nusbers of live rhisobia on the seed but also on
conditions which are favourable to growth and dovologlont
of rhisobia, Blair ot a] (1966), in a study found that

inooculation with Rhisobium japoniocum did not produce

nodulation benefits in field work, But in the green
house studies inoculation-nodulation responses were
recorded but not of any great degree. KHvidence is
presented on strain differsnces of cultures of the
nitrogen fixing bacteria and of the relationship of numbers
of bacteria in the imooulum to nodulation. Caldwell (1966)
found that certain strains of Rhizobius japonicup failed

to produce effective nodules on soybean variety Hardes.
Gerenko (1967) reported that imoculation of soybean
seedlings with a strain of nitragin (Rhigobium) resulted

in an increase of 24.5 per cent in yield whereas with
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another strain it was 16.2 per oent. ihers were
corresponding increases in 1,000 seed weight and protein
content., Hensburg et sl ( 1969) observed that of six

effective strains of Rhisobium japoniocums present in an

inooulua, ibree produced nodules on oke or more of the
three aoybian varieties tested. These results indicated

a selective comgetition for nodule aites among the

three strains whioh produced nodules on the taree varieties.
Caldwell and Grunt vest (1970) inoculated soybean varieties
with 28 strains and 2 commercisl preparations of

fhisobiua japonicum, They found significant yield

differences aesociated with certain strains. Visittipitekul
(1970) observed tbat on sterile soil, inoculation with
nitragin gave a higher dry matter yield at harvest and

a greater nusber of nodulea than inoculation with the
locally produced imoculant, The looal inoculant showed

no benefioial effect compared with the comtrol. Diatloff

(1970) studied strains of Rhisobium japonioum imcluding

4 alkali trostment strains in the fisld at two sites using
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4 varieties of sgybean. The strains differed in their
infectivity both betwsen sites and between varieties
when assessed for percentage nodulation and nodule number
per plant. Brown et al (1971) reported tnat five strains
of S“higobium Japonicum showed effective nodulation oa
three varietics, but seven other strains did not improve
plant growth significantly oompared with the uninoculated
control. Chonkar (1971) observed that when the wvariety
‘Bragg’' was inoculated with 10 strains of Lhigobjum
Japonicum, some strains were not more efficient than others
in inoreasing yield. ingle strains were not bvetter
than multiple strain of commercial inoculum, Henadurg et al
(1971) in an experiment found that none ot the 49 slow growing
rhizobial strains from a culture collection, fasolated froa
25 legume species was able to induce an effective response
ob soybeans, = ineffective nodules were incited by 25 of
these strains., A few inaffective nodules were formed
on soybean raised from uninoculated seed in soils obtained
from each of 10 localities, ISalasucdaram and Iswaran
(1972) found that 8 isolates of Rhisobium jepopicum showed
a differentisl perforuance in terms of nodulation and effect

on yield in 6 varieties of soybean., Hollier and Obaton(1972)



reported that experimental results frea glass house and
field observations on nodulation in varieties inoculated

with 17 strains of Rhisobium japonioum from various sources

showed different degrees of effectiveness of the strains,
Sharma and Tilak (1974) reported that inoculation with
UPAU.2 culture resulted im higher bean yield followed

by nitragin (US4), Kanpur culture and then by IARI oul ture.
Rao and Patil (1974) tested peat based Rhisobium Japonioum
inoculant obtained froa different sources on variety
'Davis’' near Bangalore during khariff 1972, There were
significant differences in nodulation and growth status of the
crop as & result of seed inoculation with different
strains, There was no relation between the extent of
nodulation and the grain yield of soybean as a result of

inoculation with different strains of Rhisobiua Japoniocuz,

Bhargava ot al (1974) oconducted field experiments with
different indigenous cultures of Rhisobium japonicum at
Paninagar. They found that imooculation with an effective

strain of Rhisobium japonicum was imperative for succeseful

cultivation of soybean. Boonkered (1974) reported that
variations existed in the nitrogen fixing ability of
different strains of Rhisobium and their effect on soybean

seed yield., In field and glass house studies 10 out of
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30 strains of Ahisobium japonicum tested had effective

and efficient nitrogen fixing ability. Such strains were
able to fix about 1.5 kg N/rai/season. (1 rai = 0,16 ha),
Rao md Patil (1974) obeerved that there were significant
differences in modulation and growth status of the crop

a8 a result of seed inoculation with different streins

of shigobium japonious. Though the incresse in yield of
beans as a result of seed inoculation was not signifiocant,
it ranged from 41.31 to 172.36 per cent compared to control.
There was no relation between the extent of nodulation and
thu grain yleld of soybean as a result of inoculation with
different strains of nhisobium japonicus. Subbarao (1976)
found that inoculation with Rhisobium japopicus increased
yield of soybean. rxperiments comnducted by Kumer et al
(1976) at Pantnagar revealed that inoculation with effective

calture of Xhigobium japoniocus was imperative for suocessful

cultivation of mybean. In an experiment by Sriramaraju and
Semuel (1976) it was found that in black soils all the
inoculants they tried execspt IAil oculture gave wery good
nodulation and aiznificantly incressed yield which ranged
from 63.8 to 1354 per oent over control., IAul culture

produced considerable number of nodules but did not



contribute in any way for the hetterment of the crop and

was on par with the uninoculated nitrogen control. Hao

and Patil (1977) tested 5 commercial inoculants of Hhisobium
Japanicum obtained froa different Agricul tural Inatitutions
under field conditions to study their effeot on nodulation,
nitrogen fixation and bean yield. There were dynificant
differences ia number and dry weight of nodules per plant
and also dry weight of the plant top as a result of
inoculation with differsnt cultures. All the inoculants with
the exception of onme increased the bean yield significantly
compared to uninoculated control. Fatel et al (1977)
reported that most of the Xarnataka soils lacked in soybean

rhisobia and several strains of HLhisobium japonicum obtained

from Jabalpur were ineffective in the area,

Rensburg and Van (1969) found that rhisobial strain
comaeted in the rhisosphere and varieties appeared
to select a doainant strain. Caldwell (1969) reported that
the 3 siraiins testad differad inm their competitive ability,
Perforaance of combinationa of two strains also showed
siznificant differences, Smith (1972) studied the inter-

actions between Hhisobium japonicua and soybean rhisosphere

bacteria on agzar plates and in conjunction with the legume



hoat in liquid culture, vermiculite and sterile soil.
Seventy sight per oent of 18 bacterial isolates inhibited

fhisobium japonicus on agur. In liquid culture total nodule

pumber was greater in 87 per ceat of the treatments
including 4 rhixosphere bacterium. But these effeots
were mot noted in vermiculite or soil. ~mith and ¥iller
(1974) made a study to find out intersctions of Hhizobius
Jjaponicum and soybean rhisosphere bacteria. Eight out of

nine rhizosphsre isolates inhibited Rhisobium japonicum in

azar, iodulation #as pot affected by rhisosphere bacteria
whon plasts wer: grows in versiculite or in sterile soll.
Luhiri (1977) founs that there was differential ocompetition

hotween strains of Khizobium in nodulating soybesn cultivars.

Rewari et al {1973) studied the varietal response of
soybean to modulation with 2 strsins of ikhisobium japonicum
of different orizin and also with s mixture of these straius.
Iooculation with mixturs of streins of Rhisgpbium japonicum
affectad the growth and nitrogen uptake significantly in
4 varieties compared with the imoculation with the Iail

iaolate in 2 varietiea at 6 weeks stage. In pot trials

by Lagacherie gt al (1977) soybeans were inmoculated with



nitrogen fixing strains of dhisobium japonicum or aixtures

of theae strains with a non-fixing strain. The presence
of non~fixing strain was found to decrease vigour and dry

weight of aerial parts of the plants,

Diatloff and Brookwell (1976) reported that a partiocular
strain of Rhisobium japonicum was ineffective in nitrogen
fixation with the related cultivars, Hardee and Geduld, but
was highly effeotive with the wltivar, Hampton. They
also reported that there was no evidence that naturally

ocourring ineffective Rhisobium japomiocum posed any threat

to the nodukating adility of effeotive inocculant strains,
Rewari ot al (1973) in an experiment inoculated 6 soybean

cultivars with 2 etrains of Rhisobium jeponicum to study

the individual and combined effect of nitrogen uptake and
yield of shoot, dry matter and seeds. All cultivars gave
significant increases in dry natter ylelo and plant nitrogen
content when inoculated.With the IARI strain, the yields of
cultivars, Hasterpiece, Clark-63%, Bragg and Punjeb-1i,
increased 11,5,2 and 2 fold respectively when compared with
the uninoculated coctrol., It waa concluded that strain
vari ations and cultivar speaificity appear to control the

efficiency of Rhhisobium,



Kabi (1976) observed that in trials with soybeans,
seed inoculation with locsl strains of ihisobium japonicum
showed the greatest residual effect on nodulation in the
following years, while inoculation with the imtroduced
strains showed the least residual effect., Iihe cxperimeat
conducted by Patil et al (1977) revealed that imoculation
with nitragin and Iaxl oculture significantly increased
nodule numbers and increased seed yield by 16 per oent.
The grain yield of wheat Cv, Kalyan 227 asown in the asme
plotis in winter increased and im plots previously support-
ing soybean inoculated with IARI oulture, the yield
increased by 29 per cent., ihe need is stressed for
selection of rhizobial strains suitable for the legume
cultivar, the eavironmental condition and of maximum benefit

to the following non-leguminous crop.

#eaver (1974) reported that in glass house trials oaly
a foew, of the 21 rhisobial strains isolated from nodules
proved to be effective on pea nuts, It was concluded that,
ground nut grown in Texas would respond to inoculation

with highly effective rhizobia and that the field test would

X

be nsceasary Lo verify the potential benefit from imoculation.



MATERIALS AND METHODS



MATExIALS AbD MuTHODS

4 field experiment was oonducted at the Research Station
and Instructional Para (Kerala Agricultural University},
dgnnuthy, during Mday-September, 1977 to study the response of
soybean to different levels of nitrogen and rhisobial
inoculation.

1. Haterials

1.1 Site and soil

The Research 3tation and Instruotional Farm is situated
at 10°32" N latitude and T6°10" longitude at an altitude of

22.25 meters,

The s0il was an acid sandy loam. Data on tho aechanical

and chemical analysis of s0il are given belows

Mgchanical composition of 301l

(expressed as percentage on moisture free basis)

Coarse sand -~ 44,00

Fine sand - 18.50

341t - 13.00

Clay — 22.00
Chanioal snalysis

Lonatituent Sontent in soil Agthod used

Total nitrogen (percentage) 0.095 ¥icrokjeldahl aethod
Total phosphorus{percentage) 0.027 Ia HCl extract; as

asmoniums phospho-
molybdate, VYolumetriec.



Total potassium (percentage) 0.025 In HC1 extract;
flamephotometric.

Available phospborus (kg/ha) 17,00 Im Bray I extract;
Chlorostannmus reduced
molybdophosphoric blue
colour method.

Aveilable potassium (kg/ha) 18,55 In neutral amsonium
acetate extract;
flamephotometrioc,

P‘ in water 5.2 132 so0il; solution
ratio using a pi meter.

1¢2 Climate

The details of meteorological observations for the
cropping season are given im Appendix I, and Fig. I. The
weekly mverage of daily maximum temperature ranged froa
27.7°C to 31.6°C and the weekly averages of the daily minimsums
temperature from 22,8°C to 24,3°C during the crop season, The
relative humidity ranged from 62 per cent to 86 per cent,
There were 116 rainy days during the period of 153 days. The
total rain fall received during the period was 19685.,9 mm., The
saximum rain fall was reoceived during the first week of July,
Number of hours of bright sur shine per week ranged froa 1,1
to 14,9. It was relatively low during the period from ist

weok of June to 3rd week of July.
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1.3 Cropping history

The field was continuously under paddy during south-
west and north-east ¥onsoon seasons. A crop of cowpea

was raised in the preceding summer season.

1.4 Yariety

Joybean variety BC 39821 obtained from the Botany
Division of Tamil Hadu Agrioultural University, Coimbatore,
was used in the study. The variety was an introduction
from Thailand (Kesavan 1370). The plant charaoters of

this variety are furnished belows

Plent - Dwarf

Petiole -~ long leaflet -
loosely arranged

Leaf shape ~- linear, lanceolate

Flower colour -= purple

Days to flowsr - 35

Days to maturity - 90
Jeed coat oolour - Yyeollow
Weight of 100 seeds -- 9.0 g
1.5 Fertilisers
Super phosphate and muriate of potash were used to supply

phosphate and potash respectively at the rate of 80 kg per



31

hectare each. HNitrogen in the form of urea was used in the
study. Slaked line prepared on the spot was used at the
rate of 1,000 kg per nectare.

2. Mothods

2.1 Lay out of experiment

The experinental design was factorial in randomised
block with 4 replications., Bach replication consisted of
12 plots and eagh plot consisted of 4 beds of 4.5 a x Inm
in eize each. Each bed was seperated by furrows 0,3m
wide and 20 cm deep. Randomisation of treatments was done
with the help of random number table.

2.2 Treatments
There were 12 treatrent combinations of € levels of

nitrogen and 2 levels of rhisobial inoculetion,

Ni trogen
KO - control, no nitrogen supplied
N1y -— 50 kg per hectare
N2 -~= 100 kg per hoctare
N3 —= 150 kg per hectare
N¢ -~ 200 Kg per heotare

N5 ~= 250 kg per hectare
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Inoculation

Io — Control
I —-— Inoculated

Treatment combinations weres

¥o Io — No I
N1 I0 - B I
N2 10 — N2 11
N3 Io — N3 11
¥4 I0 S B4 I
N5 10 - 5 I

2.3 Field oulture

2.3.1 Ereparation of main field

The field was plougiued with tractor and later harrowed

with a tiller to remove the weeds, DBais were taken and deep
drainage trenches were provided along the boundary and aiso in
between plots. Formation of trenches was necessary to provide

drainage as the crop was raised in Nonsoon season.

2.3.2 Limipg and fertiliser application
Lime was droadocast on each bed and raked seven days prior
to sowing, Fertilisers were applied as basal dressing. The

three straight fertilisers waers mixed and broadcast on beds
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and then mixed with the soil.

2.3.3 Seed treatment and sowing

For treating the seed with the inoculuam, the procedure
recommended by Tamil Nadu Agricultural University was followed.
Jaggary syrup was prepared and omoled, The culture was
added to the ovoled syrup and mixed thoroughly. The seeds
wore mixed then with the culture and dried in shade.

Sowing was done on 21.5.1977. Sowing of inooculated
seeds was done first, Thirty seeds were sown in each row
of 1 m length and 45 om spaoe was given dbetween rows. Though
the stand per row was fixed as 20, excess seceds were sown to
acoount for failure in germination. Seeds were sown in rows
and a final population of 20 plants per row was retained to

give an average spacing of 5 om between plants in the row.

2.3.4 Thinning out

Gersination was complete by 7th day. About 70 per oceant
gormination was obtained in all the plots, Thinning out of

seedlings was done to bring down the stand per row to 20.

2.5.5 Plant ?rotoction

Attack of leaf eating caterpillar was noticed when the

plants were about 25 day old. Sevin was sprayed and the



pest was brought under control,

2.3.6 Xeeding and earthing up

Hand weeding and eartihing up were done when the plants

were 30 day old.

drainage trenches was repeated after a month.

2.3.7 Hmutig‘

Harvesting was done shen the plants were 106 day old.

There was complete defoliation at the time of harvest.

5.  Obssrvations

Observations on the following characters were taken

at various stages of growth,

3.1 growth charactsrs

1.
2.
b
4.
5.
6.
7.
8.

9.

Plant height

Nusber of branches

Leaf area index

Nodule count

Number of pods per plaat

Ury weight of stem and petiole
bry welght of pods

Jeed weight

3hell weight

Sarthing up along with the deepening of

34
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10, Number of seeds per pod
11, Net assimilation rate.

JeR Observations at harvest

{. Grain yield
2. 3tover yield
3. Moisture percentage
4. Teat weight
5. Shelling percentage
6. Harvest index
3.3  Chenioal studies
1. Per“cent nitrogen in leaves
2. Por:hont nitrogen in stem and petiole
3. Per cent nitrogen in seeds
4. Per cent nitrogen in shell
4. Sampling procedurs
4 bed in each plot was selected at randoam using randon
numbers., One row of plants each was selected at randoa in
these beds., Five plants were marked froa the second plant
in the row to take observations on plant characters. Similarly
8 set of five plants were melected on randomly selected rows
for growth analysis, Theae plants were cut at the base

at 40 days after sowing and froa these samples, leaf samples
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were taken at random. Another set of five plants were out
for growth analysis at 70 days after sowing and a third set
at harvest also.
- Detaile of observation procedure

iUetails of observation prooedure followed for each of
the characters studied were as followss
5.1 Flant height

Height of 5 plants selected was measured from the
ground level to the terminal bud with a metre scals. The
height was recorded in centimeters., Height was measured
at 3 stages, 40 days after sowing, 70 days after sowing and

harvest.

5.2  Number of branches

Humber of branches was counted at two siages, 40 days
after sowing and 70 days after sowing on the same plantson
whioh plant heizht wes measured. HNuaber of branches was
counted from the bottom to the top, leaving the terminal

unopened bud.

5.3  Leaf ares index

Five plants selacted were cut at the base. Ten leaves

were taken at randoa from the samples. (uality bond paper
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was weighed and the area per unit weight of the paper was
determined. The paper was cut in the shape of 10 sample leaves and
the weight of the 10 paper cuttings was determined. From this,
the actual area of 10 leaves picked was calculated.

The leaves were dried in an oven at 70° to 80°C
for 3 days and the leaf area per unit dry weight was calculated.
The reat of the leaves was also picked sepgrately, dried in
the oven, weighed and added to the weight of 10 leaves to get
the total leaf weight. The leaf area of 5 plants was computed
from the dry weight of total leaves and the area per unit dry
weight. The leaf area index was then worked out by dividing

the leaf area of 5 plants by the field area occupied by thenm,

5.4 Nodule count

Two sample plamts from each plot were pulled out after
lifting with a spade. The plants were tranaferred to a
polythene sheet and the soil from the root was carefully removed.
The total number of nodules was ocounted and the nodules

per plant were worked out,

5.5 Number of pods

Number of pods on 5 plants was wmunted and pods per

plant were worked out.



5,6 Dry weight of shoot

Dry weight of shoot was determined on the same plants

on which leaf area studies were made, Immediately after all

38

the leaves had been picked, these shoots were dried in an oven

at T0° to 80°C for 3 days and then dry weight was taken. The

dry weight of 10 leaf samples and of the rest of the leaves

were added to get the total dry matter produced by 5 plants,

567 Net assimilation rate

The procedure given by Wataom (1958) and Buttery (1970)

wag followed,

5.8 Dry weight of pods

Pods collected from 5 sample plantes were dried in an

oven at 70° to 80°C and weight wes determined,

5.9 Dry weight seels s
Seeds and shells were soparated from the pods which
wore used for determining the dry weight of pods. VWeight

of seeds and shell was determined seperately.

5.10 K sgeds pe
Fifty pods were sglected froa 5 sauple plants and
the pumber of seeds per pod was counted and then the average

worked out,
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S.11 Urain yield

Net plots were harvested after excluding border plants,
After threshing winnowing and cleaning, grain sample was drawm
from each plot to determine the moisture percentage and test

weight,

5.12 Stover yield

3tover from each plot was weighed sepgrately after
sun drying.

6. Chemical analysis

Total nitrogen was ostinmated by the iiorokjeldahl
procedure as given by Jackson (1958). 3amples of shoot,
leaves, seeds and shella were analysed seperately for total

nitrogen,

7.  Statistical analysis
Data on yleld, yield attributes and growth characters

were analysed statistically following the methods of Snedecor

and Cochran (1967). 'F' test was carried out by analysis

of variance method and si;nificant results were compared by

working out the critical aifferences.



RESULTS



BXPERI MsNTAL RBSULTS

The results of the experiment as influenced by the
various treatments are suamarised in the following text

with the help of appropriate tables and suitable diagrams,

te  YXiald
fo1 Grain yield

Data showing the grain yields are glven inp Table 1 and
their anulysis of variance in Appendix II,

There was no sisnificant difference in yield between
different levels of nitrogen., The yleld obtained in control
was almoat equal to that obtained at 200 kg MN/ha.

Inooulation hus given & different trend. There was
sigunificant difference botween treatments. Inoculation
signi ficantly depressed the yield,

The interaction effect was not significant.

1.2 Stover yield

Data on 3tover yleld are jiven in Teble } and thelir
analysis of variance in ippendix II,

stover yisla 3howed a4 trend similar to that of grain,
with increase in lavels of nitrogen thare was a more or leas

steady incrsase in yileld upto 250 kg N/ha, ‘‘he difference

40
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Tadle 1. Effect of levels of nitrogen and inoculation on
yield, mumber of pods per plant and number of

seeds per pod.
: Tie1d (kg/na) | Number of
Treatmonts } Seed i Stover ; pods per lseeds
| plant  lper pod
i |
X ] [
Hitrogen levels
(ig/na)
0 1678.6 1488.8 24,0 2.1
50 1689,7 1495.7 22.7 2,2
100 1780.% 1674.0 19,6 2.1
150 1794.8 1695, 1 26,9 2,2
200 1829,0 1980,0 23.6 262
250 1950.4 2058,6 26,9 2.1
F-Test ’ N.3 N.S N.8 N.3
3, Em, ¢ 220,5 158,9 3.2 0.226
CD at 5% - - -— —
Inoculation
Uninoculated 2064,3 1975.4 25,1 2.2
Inooulated 1594,8 1488,8 22,8 2.2
P.T..t 81‘ 81‘ los H.S
S, Em, % 127.6 91.7 1.9 0,045

CD at 5% 367.5 263,8 - -
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in yield between nitro en levels was, however, statistically
not signiticant.

There wus siguniiicani difference between inoculated and
uninoculated treatmonts, A8 in the case of grain yield there
was a depression in yield in inoculated treatmeats.

The interaction effeot was not aignificant.

2. 1ield oomponents

2.1 Number of pods per plaat

Lata on the nunber of pods per plant are given in Table 1
eni their enalysis of varisnce in Appandix II,

sitrogen application did not increase the number of
pods per plant significantly,

Though statistically not significant uninoculated treat-
ment showed superiority over inoculated treatment,

2.2 HNumber of seeds per pod

Data on number of seeds per pod are given in Table 1
and their anealysis of variance im appendix II,

Neither different levels of nitrogen applied nor
inoculation influenced the nuaber o: sec¢ds per pod.

2.3 Test weight of seed (100 grain wuight)

wata on 100 grain weight are given in Table 2 and their

analysis of variance in Appendix III,
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ievels of nitrogen and inoculation highly influenced
the 100 grain weight., With increasing levels of nitrogen,

the test weight also tended to inorease upto 250 kg N/ha.

The levels of aignificance were as followas 250 kg
H/nha was significantly superior to all levels of nitrogea
froa control to 150 kg B/ha. 100 kg N/ba was superior to
control.

Uninoculated trestzcnt was significantly superior to
inoculated treatmaxst.

Intersction was not siznificant.

2.4 Shelling percestage

Date on chelling percentage are presented in Table 2
and the snalysis of variance im appendix III,

There was si oificant difference botween lovels of
nitrogen, 10U kg N/ba aaud 50 kg i/ha were siguificently
superior to control asd 250 kg N/ba, There was no
significant uiffervice beiween 100 kg N/ha, 50 kg /ha,

150 kg N/hs ana 200 kg b/bs, «lac there was no significant
di fterence between 200 kg N/ha anc @wuixol and 250 kg A/ha
and control.

The uninoculated treatwent wes superior to imoculated

treatoent.
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Table 2. Bffect of levels of nitrogen and inoculation on

100 seed wight, shelling percentage, harvest
index and moisture percentage.

§ 100 seed § Shelling § Harvest iMoisture

Treatments | weight | percent- § index {percent-
l (g) t age ‘ (%) iago
Kitrogen levels
(kg/bu)
0 12.7 60.3 53.9 1.9
50 12,8 64.9 52.6 1.2
100 13.2 66,7 53.7 1.6
150 13.3 64.3 50,0 1.9
200 13.5 62.4 49,1 2,0
250 14.0 60.0 47.9 1.9
F-Test Sig dig N.3 N.S
3, Em, * 0.179 1.53 2,015 0.443
CD at 5% 0.449 4.40 - -—
Inoculation
Uninooulated 13.590 64.5 51.3 2.1
Inocul ated 13.016 61.7 51.1 1.4
F-Test Sig 3ig .3 )
3. Em, + 0.105 0.88 1.164  0.255
CD at 5% 0.302 2,53 -— -
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Interaction effeot was not significant,
2.5 Mgisture peroentage

Data on moisture percentage are given in Tadble 2 and
their analysis of variance im appendix III,

There was no significant difference either between
different levels of nitrogen or between inoculated and
uninoculated treatsents,

2.6 Harvest index

Data on harvest index are presented in Tadble 2 and
their analysis of variaace in Appendix III,

Jei ther inoculation nor applied nitrogen had any
significaat influence on harvest index. However, increase
in applied nitrogen beyond 100 kg /ha tended to lower the
harvest index. The lowest values were noted at the hihest

level of nitrogen.

3. Growth characters
3.1 HNumber of branches

Data on number of branches recorded 40 and 70 days
after sowing are given in Table 3 and their analysis of
variance in Appendix IV.

There was no significant difference in the number of

branches in the first stage either between different levels
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Table 3. Effect of lemels of nitrogen and inoculation on
nusber of branches and height.

! Number of branches ! Height (om)
Treatments H ] 140th § 70th} Har-
j40th dayg 70th day ;w { day 2 vest

Nitrogon level

(kg/ha)
0 6.2 9.2 33.4 48,6 47,9
S0 6.4 10.4 3.0 51.1 53,2
100 6.8 9.4 43,7 63,2 62,2
150 6.9 8.9 48,0 61.8 66.8
200 6.9 9.1 46.5 T2.4 66,9
250 7.0 8,6 48,9 T71.3 T71.0
F-Test N3 g 3ig Sig Sig
S, Em, * 0.22 0.37 2.17 11,8 3.05
CD at 5% - 1.0% 6.26 11,75 8,79
Inoculation
Uninoculated 6,6 9.1 43.9 64,1 63.5
Inoculated 6.7 9.5 41,5 58,7 59.3
F-Teat R.3 K. N.3 N.o N.o
3. Bm, ¢ 0.12 0.21 1,25 2,35 1,76

Ch at 5# - -~ — - —-——
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of nitrogen or between inoculated and uninoculated
treatments, But levels of nitrogen influenced the number
of branches in the second stage. 50 kg N/ha was saperior
to all other levela of nitrogen and control.

Though statistically not significant, number of
branches showed slight increased mean value in the case
of inoculated treatment in the second stage whereas in the
firat stage the difference was very negligible.

Interaction was not significant,

Number of branches increased from first astage to
second stage,

3.2 Height of plants

Data on the height of plants are presented in Table 3
and their analysis of variance in Appendix IV,

The effect of levels of nitrogen was significant at all
the thrce stages. With increase in levels of nitrogen,
there was increase in plant height at all the three stages,
At the first stage, 40 days after sowing, 250 kg N/ha,

150 kg N/ha and 100 kg N/ha were found to be superior to
50 kg N/ha and control.

At the second stage, 70 days after sowing, 250 kg N/ha,
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Table 4. Effeot of levels of nitrogen and inooculation on nodule
number, leal area index and net assimilation rate.

Treatment i Nodule % Leaf ares iadex % Net assi-
| number !40th dqy: 70th day | milation rats
Bitrogen levels
{kg/ha)
0 36.5 2.3 5.0 1.28
50 38,1 3.0 5.2 1.32
100 32.3 3.7 5.5 1.36
150 33.3 3.8 6.4 1.36
200 35.2 4.0 6.8 1.25
250 28,8 3.4 5.7 1.38
F-Test N.3 N.S N.S N.3
3 En, ¢ 6.75 0.41 0.83 0.302
CD at 5% - - - -
Inoculation
Uninoculated 41.4 3.0 4.9 1.624
Inoculated 30,0 3.6 6.1 1.177
F-Test S8ig N3 N.5 H.3
S. bm, 3.9 0.24 0.48 0.173

Ch at 5% 11,2 - - -
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200 kg N/ha, 100 kg §/ha and 150 kg N/ha were found to be
superior to 50 kg N/ha and control. 50 kg N/ha was
significantly superior than contrel.

At harvest, the same trend as in the case of seocond
stage was notioed.

Effect of interaction was not significant at any of
these stages. However, the uninoculated treatments record-
ed higher mean values consistantly.

There was no significant difference between inoculated
and uninoculated treatments. But, at all the stages,
uninoculated treatmentis gave a higher mean value,

The height increased from firast stage to second atage
but there was not much difference between second stage and
harvest.,
3¢3 Leaf area index

Data on leaf area index recorded 40 days and 70 daya
after sowing, are presented in Table 4 and their analysis
of variance in appendix V.

Keither levels of nitrogen nor imoculation ocaused

significant difference in leaf area index at any of the stages.
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Table 5. Effect of levels of nitrogea and imoculation on
dry weight of leaves and stea and petiole.
b Ory weight of § Dry weight of stem cnd
{ leaves i f.tiole
Troatnents i (&/5 plants) % 8/5 plants)
j 4oth § 70th ¢ 40th | TOtn i dar-
o : day y day day 2 vest
Y
Nitrogen levels
(kg/ha)
0 5.4 9.8 6.4 16,8 11,6
50 6.9 11.6 9.9 21.8 11.0
100 9.8 12.9 13.7 25.8 1.1
150 7.7 12.7 12.2 25.4 16.8
200 10.3 13.4 16.0 27.0 18.5
250 10.3 14.1 16.2 28,8 24,0
F-Test N3 NS Sig 8.3 S1g
S, Bm, ¥ 1.360 1.482 1,905 3. 160 2,304
Ch at 5% — - 5.484 — 6.631
Inoculation
Uninoculated 6.7 11.3 11.1 24.3 16,3
Inoculated 10.0 13.5 13.8 24.2 14,6
F-Tost Sig N9 H.S 4.5 N.S
3. 3m, 0.785 0.856 1,100 1.824 1.3%
Ch at 5% 2.299 - - —— —
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However, at the first 40 days after sowing, control
of no nitrogen supply recorded very low values ae compared
to treatments receiving fertiliser nitrogen.
In contrast to most of the other oharacters, inoculation
resulted in higher leaf area index at both the stages.
Interaction was not significant in any of the stages.

Leaf area index increased from first stage to second stage.

3,4 Het assimilation rate

Data on net assimilation rate between 40 days and 70
days after sowing are given in Table 4 and their analysis of
varziance in appendix V.,

Noither different levels of nitrogen nor inoculation

influenced net assimilation rate significantly.

3.5 Dry weight of stem and patiole

Yata on dry weight of stem and petiole at 40 days
and 70 days after sowing and at harvest are given in Table 5
and their analysis of variance in Ajpendix VI,

levels of nitrogen influenced the dry weiyht of stea
and petiole in the firat stage. There was no significant
difference between 250 kg N/ha, 200 kg N/ha, 150 kg N/ha and

100 kg N/ha. There was no significant difference between
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100 kg N/ha, 150 kg N/ha and 50 kg #/ba, Similarly, there
was no significant difference betweean 150 kg 5/h&, 50 kg 4/ha
and control. 250 kg B/ha and 200 kg N/ha were found to be
superior to 50 kg i/ha and coutrol. 100 kg M/ha and

150 kg li/ha were found to be superior to coantrol.

However, in the secoond stage, dry weight was not influenced
by any of the levels of aitrogen. Sut there was a sli:ght
linear increease in mean dry weight from control to 250 kg N/ha.

In the taird stage, dry weight of stea and petiole was
increased by different levels of nitrogen. 250 kg N/ha was
signifiocantly superior to all levels from coatrol to
150 kg li/ha, 200 kg l/ha was superior to all levels
including control but uxcluding 250 kg M/ha and 150 kg k/ha.

Iinoculation had no influence on dry weight of stem and
petiole at any of the stagee, Dry weight of stex and petiole

increased from first stage to meoond stage but then decreased.

5.6 Dbry weight of leaves

Data on dry weight of leaves at 40 days and 70 days
af ter sowing are given im Table 6 and their analysis of
variance in Appendix VI,

In both the stages, nitrogen levels did vot influence
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Table 6, BEffeot #f levels of nitrogen and inoculation on
dry weight of pods and total dry weight.
} bry I Tosal dry weight (g/S plunts)
i welght ofl
Treatments i pods i s b 70t dar-
b (&5 day | day ] vest
| plants) | i
Nitrogen levels
(kg/ha)
0 350.8 11.9 333 42.4
50 32.8 16.8 33.5 42.3
100 32.9 23.1 38.7 44.0
150 44.9 19.9 37.6 61.7
200 44.9 25.9 40.5 63,7
250 41.7 26,3 42.9 70.5
P-Test N.S Sig N.3 N.S
S. Bm, ¥ 4.006 3195 5.187 8.350
CD at 5% — 9.197 -— -—
Inoculation
Uninocoulated 40.9 17.4 37.8 58,2
Inoculated 36, 1 23.8 37.7 51.0
F-Test K.S 3ig .3 NS
S, &m, * 2.313 1.845 2.994 4,821
CD at 5% — 5.311 -— -—
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dry weight of leaves. There was no significant difference
between treataents. But though statistically not
significant there was a linear increase in mean dry weight
from oontrol to 250 kg N/ha,

Inoculated treatment was superior to uninoculated
treatment at the first stage and there was no significant
difference in the second stage but at this stage also
inoculated treatment gave a higher wvalue.

Interaction effect was not sizgnificant,

bry weight of leaves increased froa first stage to

second stage at levels of nitrogen and also at inmoculation

treataents.

3.7 Dry weight of pods

Data on dry weight of pods are presented in Table 6
and the analysis of variance in Appendix VII,

There was no significant difference either between
different levels of nitrogen or between inoculated and
uninoculated sets,

Interaction between levels of nitrogen and inoculation
was highly significant,

3.8 Total dry weight

Data on total dry weight at 40 days and 70 days after



35

sowing and at harvest are presented in Table 6 and their
analysis of variance in Appendix VII,

Both levels of nitrogen and inoculation influenced the
total dry weixht at 40 days after sowing. 250 kg H/ha
was superior to control and 50 kg N/ha. 200 kg N/ha
was superior to control.

Inooulated sets were superior to uninoculated sets.

At 70 days after sowing or at harvest, neither levsls
of nitrogen nor inooculation influenced the total dry weigit,

A similar trend a3 in the dry weight of stem end
petiole was noticed in total dry weight, at different
stages. The mean value was highor in inoculated sets at
40th day, it was almost equal at 70th day and was just

reverse at harvest,

3.9 #Humbar of nodules

Data on the number »f nodules ars presented in the
Table 4 sand their analysis of varianoce in Appendix V,

levels of nitrogen did not influence nodule number,

Tharo was niznificant differance between inoculated and
unirsecvlated seta. Uninooculated sets were superior to

inoculated sets,
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Table 7. Effect of levela of nitrogen and inoculiation ou
nitrogen content of stem and petiole.

} Hitrogen content (%) of steu uud petiole
Treatments i I i
. j 40th day y 70th day 4 Harvest
-
Sitrogen levels
(kg/ba)
® 1.22 1.44 1.12
50 1.22 1.48 1.18
100 1.21 1.43 1.24
150 1.13 1.32 1.03%
200 1.25 1.28 1.20
250 1.22 1.31 1.10
P-Tent N.a K3 K, S
d. Em, * 0.122 0.138 0.126
CD at 5% — - -—
&ng_o‘:\_lttion
Uninoculated 1.10 1.35 1.18
Inoculated 1.14 1.37 0.94
P.Test N.5 N5 34g
S, Em, 7 0.071 0.077 0.02

CD at 5% — -— 0.06
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Interaction was oot significant,

4. Chemioal studies

4.1 Hitrogen content of stem and petiole

Data on nitrogen content of stem and petiole at three
growth stages are given in Table 7 and their analysis of
varianoce in Appendix VIII,

Jifferent levels of nitrogen did not influence the
nitrogen content of stem and petiole at any of the stages,

Inoculation had no effect at the first and second stages
of observation. But uninoculated sets were found superior
at harvest.

Interaotion effect was significant at harvest, but not
&t the other two stages. The data showing the interaction
effect are presented in Table 7a.

Nitrogen content incrsascd from 40 days after sowing
to 70 days after sowing at all levels of nitrogen applied

and inoculation but then the values declined at harvest,

4.2 Nitrogen content of leaves

Data on the nitrogon content of leaves at two atages are
given in Table 8 and their analysis oi variance in
Appendix VIII,

Neither applied nitrogen mor inoculation influenced the
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Table Te. Interaction sffect of mitrogen and imsculation

on nitrogen content of astem and petiocle at

harvest,

Bitrogen levels § Inoculated | Uninooulated | Hean

(kz/ha)

0 1.40 0.84 2,24
50 1.63 0.74 2,37
100 133 113 2.46
150 0.96€ 1. 10 2.06
200 0.91 C.50 1.41
250 0.89 1.31 2,20
fean 7.12 5.62 12.74

Co for cosparison detweea combinations,

3, km, ¥

CD at 5%

0.0390
0.259
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Table 8, Effect of levels of nitrogen and inoculation on
nitrogen content of leaves, seeds and shell,

Treataents

Nitrogen content § Nitrogen content
of leaves (%)

l (%) of

i
)
i40th dayl 70th a-y! Seeds i Shell

Nitrogen levels
(xg/ba)

0

%0
100
150
200
250
F-Test
3, Bm, *
Ch at 5%

Inoculation
Unino ulated
Inoculated
F-Test
S, bm, ¢

CD at 5%

3.38
3.18
3.08
3.35
3.62
4.16

.3

0.342

3.50
3.42

NS

0.197

3.64
3.51
3.89
3.98
3.61
3.87

N.o
0.295

3.74
3.62
N.5

0.170

8,64
8.75
8,16
8.12
7.59
6.22
3ig
0.307
0.884

8. 14
7.85
K.o
0.176

2.47
2,62
2.91
3.20
4.01
3.07
Sig
0.35
1.007

2,82
3.28

2

R.3
0. 197
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leaf nitrozen ocontent at both the stages, Though
statistically not significant, uninoculated sets gave higher
sean values, Iliitrogen content inoreased from first stage to
second atage at all levels of nitrogen applied except

250 kg N/ha. Inoclation also gave same trend.

4.3 Nitmien content of shell

Data on nitrogen ocontent of shell are presented in
Table 8 and their analysis of variance in Appendix VIII,

Applied nitrogen influenced the nitrogen content of
the shell. 250 kg N/ha, 200 kg N/ha anda 150 kg i/ha
were significantly superior to 100 kg N/ha, 50 kg i/ha
and control.

Though statistically not significant inpculated
treatrent gave hiz2er mean value,

4.4 Hitrogen content of seeds

Data on nitrozen content of seeds are given in Table 8
eand their analysis of variance im ippendix VIII,

Applied nitrogen had a marked fnfluence on the nitrogen
content of seeds, Increasing lsvels of anitrogen tanded to
deorease nitrogen content. Aill levels of nitrogen from

contrel to 200 kg N/ha wers superior to 250 kg H/ha.
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Table 9. Effect of levels of nitrogen and inoculation on
nitrogen uptake by leaves and stem and petiole

(kg/ba).
§ Nitrogen uptake | Nitrogen uptake by
freatnents !r by leaves. ‘3 stea and petiole.
j 4ota § 70th ¢ 40th § 70th | Har-
j day | day ¢ day | day |} vest
Nitrogen levels
(xg/ha)
0 16,8 27.5 8,2 22,6 11,4
50 19.8 37.8 10.8  29.6 12.9
100 26,6 43.3 10.8  32.4 12.5
150 21.1 44.7 12,3 32.9 15.3
200 30.8 38,1 15.2  27.6 12,1
250 38,2 46.0 13.7 35.6 22.6
F-Test Sig N.3 NS 1.8 NS
S, Em, + 5.011 6.7 2,2 5.1  3.146
CD at % 14.424 -— -— -— -
Inoculstion
Untnoaulated  21.8 35.6 11.9 30.2 15.6
Inoculated 32.0 42.5 14.0  29.4 13,3
F-Test Sig liod NS N.5  N.S
3. Em, ¢ 3.034 3.9 1.7 2.9 1.817
CD at 5% 8.733 - — - —




50 kg §/ha and control wers superior to 200 kg N/ha also.
Inoculation did not influence nitrogen content of

seeds. But the mean value was higher ia uninoculated sets.

4.5 xitrpgpn uptake by stem and petiole

Data on the nitrogen uptake by stem and petiole are
presented in Tadble 9 and the analysis of variance in
Appendix IX,

At all the three stages, 40 and 70 deys after sowing
and at harvest neither levels of nitrogzen nor inoculation
influenced the nitrogen uptake by stea and petiole
significantly, However, there was linear increase in
mean value froa control to 250 kg §/ha though statistically
not significant,

Inoculation gave a slightly lower value at the second
and third stages. At all levels of applied nitrogen and
inoculation, nitrogen uptake by atem and petiole increased

from first stage to second stage and then decreased.

4.6 Nitrogen uptake by leaves
Jata on the nitrogen uptake by leaves at 40 days and

70 days after sowing are given in Table 9 and their analysis

of varianoce in Appendix IX,
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Nitrogen uptake by leamves at 40 days after sowing was
influenced by levels of nitrogen applied. 250 kg H/ha was
signifiocantly superior to 150 kg N/ha, 50 kg N/ha and cmntrol.
Inoculated treatment was significantly superior to un-
inoculated treatment.

The trend was different in the second stage. Keither
levels of applied nitrogen nor inooulation influenced the
nitrogen uptake by leaves,

#ith increasing age, there was increasing nitrogen
upteske by lsaves., The increase from 40th day to 70th day
ranged from 20 per cent at 250 kg N/ha to 111 per cent at
150 kg l/ha,

4.7 MNitrogen uptake Ly geeds

bata on nitrogen uptake by seeds are given in Table 10
and the analysis of variance in Appendix X,

Both levels of nitrogen and inoculation did not influence

the nitrogen uptake by seeds,

4.8 Nitrogen uptake by shell
Data on nitrogen uptake by shell are presented in Table 10
and their analysis of variance in Appendix X,

Neither levels of nitrogen nor inoculation did influence
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Table 10. BEffect of levels of nitrogen and imoculation on
nitrogen uptake (kg/ha) by seed and shell and
total nitrogen uptake.

} Nitrogen uptake by §Total nitrogen up-
s | e
rostme | dees z) Shell fﬁh ::2;"3 o
Hitroggg levels
(xg/ha)

0 163.3 34.0 25.1 50.2  209.3

50 152.4 25.0 30.6 67.5  190.4

100 152.1 29.4 37.4 T1.8  194.0

150 196.5 47.4 33.5 T1.7  259.3

200 162.7 51.3 57.1 70.8  226.2

250 157.6 46.1 52.0 T9.7 226.4
P-Test N.3 N.3 g K.s B9

3. bm, + 23.7 7.9 6.9 8.6 31,1

Ch at 5% -— - 20.0 -— —

Inoculation

Yninoculated 174.4 37.0 32.5 65.8 227.1
Inoculated 153.7 40.9 46,1 T2.0  208.0

P-Teat N.3 N.3 sig  Nl.d §.3

5. Bm. + 13.7 4.6 4.0 5.0 17.9

Ch at 5% -— -— 11.5 -— -—




the nitrogen uptake ¥y sheil.

4.9 Total nitrogea uptake

data oa total mitrogen uptake ars presented in Table 10
and their analysis of variance 1a ippendix X.

Levels of mnitrogen had marked signifioant influence on
total nitrogen uptake at 40th day. 250 kg N/bha was
superior to all other levels of aitrogen except 200 kg M/ha,
200 kg N/ha was superior to all other levels of nitrogen,

Inoculated sets showed superierity over uninoculated
sets,

At the second stage, 70 days after sowing, the
difference in nitrogen uptake between levels of aitrogen
narrowed down, Though the differences were Dot significant
there was still a trend towards increase in uptake with
fiacressing levels of nitrogen, The lowest aean uptake
of 50.2 kg N/ha was observed for control as against
67.5 kg for nitrogen application at 50 kg N/ba and 79.7 kg
for the highest level of 250 kg N/ha.

The inoculated sets recorded higher mean nitrogen uptake
at this stage also, the difference were however not

significant,
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At harvest the trend of increasing uptake with increase
in rate of application almost disappeared. The differences
were not significant.

Unlike the previous two stages, the uninoculated
treatment recorded higher aean nitrogen uptake at harvest.

The differences as compared to treataent receiving inoculation
was not sigrificant.

Interaction was not significant at any of the above three
stages.

Over the stages, there was an incroase in nitrogen uptake
with advancing crop growth in all the treatments. However,
the uptake between the 70th day and the harvest was much
more than the uptake between 40th dnd 70th day after
sowing, The interval between the three stages of observation
were 3ore or less the sams, 30 days between the first and

second stages and 34 days between second and third

stages,
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JI3CUSSION

The present investivation was taken up with a view to
study the effect of different levels of nitrogen and |
rhisobial culture inoculation on growth and yield of soybean
variety BC 39821, The 20il of the experiaental field was
an acid sandy loam which contains 0.095 per cent nitrogen,
0.027 per cent phosphorus, and 0.062 per cent potassium,

The effect of nitrogen and inoculation on the plant
characters contributing directly or indirectly to yield,
growth and quality wes studied to ascertain the magnitude
of response to each character under observation.

From the result of the present investigation, it can
be seen that the differonce between treataents in respect
of most of the characters studied are not statistically
signi ficant, though there is a trend iu favour of certain
treataents,

Grain yield

Different levels of nitrogen did mot influence grain
yield., Yield of control plot was almost on par with that
of the highest level of nitrogen applied. This shows that

nitrogen fixed symbiotically was adequate for crop growth.
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The lack of significant response even upto the highest level
of 250 kg N/ha also indicates that with increasing levels of
applied nitrogen, there was depression in symbiotic nitrogen
fixation. At all the varying levels of applied nitrogesn,
quantities of applied nitrogen were more or less balanced by
the decresase in symbiotic fixation. This will be further
evidenced by the data on nitrogen uptake which showed
practically little difference between leveis of nitrogen
application., Suoh a depression in nitrogen fixation con-
sequent to mineral nitrogen supply has been widely observed
‘Bhlngoo and Albritton (1976), Fellers (1918), Ham ¢t al
(1975) and Hat field (1974)). Similar observations on lack
of significant iaprovement in yleld of soybean in field
experiments were reported earlier by Lynch and Sears (1952),
Sriramaraju and Samuel (1976).

The following discussion on the effect of fertiliser
nitrogen on growth characters and yield components will
further support the above conclusioas., Among the various
growth measurements, only the following characters showed
significant increase due to nitrogen application. These

are number of branches at the second stage of observation



40 days after sowing, plant height at all the three stages,
total dry welght at the firast stage and dry weight of stea
petiole at the first and third stages. Among these
characters, the variation in nusber of branches was incon-
sistent and progressive increase was not observed with
increasing levels of nitrogen. In the case of total dry
weight at the first stage there was a steady increase with
increasing levels of nitrogen. This trend however did not
persist and at the subsequent two stages, there was no
significant difference between levels of nitrogen. Dry
weight of stem and petiole on the oontrary was consistently

higher at higher levels of nitrogen at all the three stazes

69

though the differences fell short of statistical significance

at the second stage. Plant height increase with increasing
levels of nitrogen was consistent and was statistical
siynificant at sll the three stages. Hone of the other
characters was significantly affected by nitrogen levels,
The results thus show that in at least a few growth
characters, there was significant improvement upto the first
stage of observation, This may be aainly because applied
nitrogen contributed substantially to nitrogen requirement

of the crop upto the stage of imitial nodule formation and
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offeotive symbiotic mitrogen fixation. According to Norman
(1963) nodulation starts 9 days after sowing in soybean and
effective nitrogen fixation starts after about 22 days.
When symbiosis became effective and nitrogen fixation could
take care of the aitrogen requirement of the crop, the
advantage due to mineral nitrogen supply disappeared. This
explanation, however will not hold true in the case of two
plant characters vis. plant height and dry weight of stem
and petiole which showed significant differences upto the
stage of harvest. The probable reascns for this deviation
will be discussed separstely.

0f the yield components, test weight and shelling
percentege were asignificantly affected by levels of applied
nitrogen., The variation in shelling percentage with increas-
ing levels of nitrogen was inconsistent., In the case of
teat weight, however, there was progressive increase with
increasing levels of nitrogen. As evidenoed by the lack
of significant increase in yield, this improvement in this
yield component alone could not affect the final yield
appreciably.

Artificial inoculation with rhisobial oculture resulted

in a significant depresaion in yield. This shows in all



probability that the introduced strain of Rhisobium japoniocus
was less effective in nitrogen fixation on soybean than the
strains already present in the soil. UDifferences in effsctive-

ness of various strains of Rhisobius japonicus on soybean

hava been reported by several workers 20)»:'-& and Tilak
(1974), nao and Patil (1977), Rensburg H.J. Van (1969)§.
According to Norman (1963) there can be different streins

of bacteria in different nodules of a legume though in general,
a single nodule will contain only & single strain., By
artifioial culture inooulation a certain percentage of
nodules would have been formed with the introduced strain.

If this introduced strain was less effective than the strains
already availadble in the soil, it would then explain why the
yield of inoculated set was lower than the uninoculated
series,

A similar trend of superiority of uninoculated series
over the inoculated was noted aleo in several growth
oharaoters, nodulation and yield of stover. Among thesa,
the depressive effect of inooulation was signifiocant in the
osse of nodule number and yield of stover.

A perusal of the date on nitrogen uptake will further

substantiate the effect of nodulation, At the firat stage



of obdservation, total nitrogen uptake was signifiocantly
higher in the inooculated treatmeant. At the next two
stages, differences were not significant. Though not
significant, even at the second stage, the inooculated

set recorded a higher mean nitrogen uptake., At harvest,
the reverse was the trend and inoculation led to a

decrease in total uptake. As indicated by a significantly
hi gher aitrogen uptake in the inoculated set at ths first
two stages, jnoculation was bemeficial initially. This
way be due to the supply through oculture inoculation of a
large pumder of nitrogen fixing organiams, thoughz loss
effective than the native population. This trend also
indicates that the soil infitially did not have a sufficiently
large raoisobial population of the required strain. At
later stages, this setback was more than compensated by
sultiplication of the native, more effective strains., Ths
over all effect was thus a superiority of the native strains
in terms of nitrogen uptake, nodulstion and yield. lata
oa nodulation are ZowWever aot adequate to explain such a
larger initial npdulation due to cilture inoculation. Only
one observation on nodule count was taken and that was at

a relatively later stage - 80 days after sowing.



Iield of stover

¥ith increasing levels of nitrogen, there was a trend
towards increase in sicver yield, The differences, however
were not significaat,

A8 in the case of grain yield, inoculation with the culture
led to a significant decrease in stover yield also. The
reasons for the lack of response of the crop to applied nitrogen
and the aignificaut superiority of uninooulated treatment have

boen discussed already.

Iield componeats

Data on the ylela cozponents indicate that among thi
observations reoovrded, vis. number of pods per plant, seeds
per pod, test weight end shelling percentage, only the last
two showed signifiocant differencoes between levels of nitrogen.
Aaong these two characters the trend in variation of shelling
parcentage was inconsistent. In tbe case of teat weight,
on the contrary, therc was significant increase with increasing
levels of nitrogen., 3Such an improvement in this growth
churacter alone indicates that enhanced soil mitrogen supply
was beneiicial towards the later stages of orop growth, The
other two cheracters vis, pod nunbdber and seeds per pod are

decided muoh earlier. According to dorman (1963) symbiotic



nitrogen fixation oeases 50 days prior to maturity., It is
probable that residual applied nitrogen contridbuted sub-
stantially towards ocrop requirement at this stage when
syabiotic nitrogen fixation stopped, At the earlier stages
when pod number and seed number per pod could be effected
by nitrogen supply through fertiliser, symbiotically fixed
nitrogen oould, probably take care of nitrogen requirement
completely. Continued nitrogen supply either in itself

or through the continued maintenance of photosynthetically
active leaves for a longer period might have contributed
towards the higher test weight in treatments of nitrogen
supply. Again, data are not adequate to substantiate such
a continued activity of photosynthetic organ for a longer
period. It may, however, be recalled in this context that
the improvement in only one of the yield components was not
adequate enough to significantly increase final grain yield
of soybean,

Harvest index was worked out taking into acoount the
dry weight of aerial parts oanly, excluding the reot portion.
As may be deduced from the lack of significant variation in
grain and stover yield, harvest index also did not significantly

differ between treatments,



Growth characters

Te Bumber of branches

The variation in number of branches with increasing
levels of nitrogen was significant at the second stage of
observation only., BSven at this stage, the variation was
not steady and oconsistent, Inoculation had no effect on
this character.

2, Flaut height

There was significant inorease in plant height at all
the three stages. This is in contrast to most of the other
growth characters, yield coaponents and yield. 4 close
study of the data over the different stages will explain this
deviation. As had been mentioned elsewhsore, effective
symbiotic nitrogen fixzation in soybean starts by adout 22
days after sowing. The requirement of nitrogen upto this
stage would have to be met from soil nitrogen supplies,
Applied fertiliser nitrogen apparently muet have had a decisive
role in deciding growth upto this stage. In the case of
soybean a substantial part of incresse in plant height is
achieved in the early stages. The mean plant height 40 days
after sowing was around 42.5 om &3 against 61.4 ca. 70 days

after sowing and at harvest., Calculated as percentage of



the heignt at harvest, the height 40 deays after sowing was
about 69 per ocent. It is this pattern of plant height
increase in early stages when symbiotic nitrogen fixation
could not make any substantial contribution towards nitrogen
supply that might have resulted in a significant effect of
applied nitrogen on this charaoter.

Inoculation did not apparently have any significant
effect on plant height, though there was a tendency for a
higher mean value for the uninoculated set.

3. L a in Lal

Neither levels of nitrogen nor inoculation had any
significant effect on leaf area index. The average for the
first stage, 40 days after sowing was 3.3 as against 5.5 for
the mecond stage. According to Evans (1975) the optimum LAl
for soybean at bloom is between 5 and B,

The mean values observed in thil experiment are not much
deviating from this optimum value reported. In all probability,
there was practically no marked mutual shading due to
excessive foliage development in any of the treatments,

The reasons for lack of growth response to applied nitrogen

and inoculation have been discussed already.



4. I LY

Ap in the case of leaf area index, net assimilation
rate also did not differ significantly between nitrogen
levels and also due to culture inoculation. This lack
of significant difference indicates that there was no
appreciable difference in the effiociency of leaves for
photosynthesis in any of the treatmeats, This may also
support the oonclusion that there was little mutual sheding
in any of the treatments. Inoculation also did not appear
to effeot HAL markedly.
5. Mumber of modules

Levels of nitrogen did not influsnce the musber of
nodules. 4» a discussion on yleld of grain aud aitrogen
uptake will reveal, there was evidently inhibition of
symbiotic nitrogen fixation due to application of aitrogen
fertilisers. dJuch an inhibition oould express itself
either through a reduoced nodule number or through iowering

of effeotivencss of nodules, The lack of significant

differences in nodule number in this oxporinent indicate that

the contributing factor was mainly the subdued sffectiveness
of nodule bmcteria.
Inoculation, on the comtrary, led to a sigaificantly

lower nodule number. It was earlier mentioned that
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inoculation might have probably resulted in a larger initial

nodulation due to culture imoculation. The observations
recorded at a relatively late stage, 80 days after sowing,
however indicate a reverse trend. JSuch a reversal in the
nodulation pattern is possible because several batches of
nodules form during the growth period of soybean. “hen the
native dbacteria could multiply and build up the required more
effeotive population at a later stage, they were probably sore
effective than the introduced strains in bringing about
nodulation. According to Rao and Mader (1975) several
batches of nodules form on soybean during its life cyocle and
the average life span of a nodule is about 45 days.
6. Dry weight

Total dry weight of merial parts differed significantly
due to levels of nitrogen at the first stage of observation only,
The trend of increase in dry weight with increasing levels of
nitrogen, however, continued till harvest but the differences
fell short of statistiocal significaunce at the last two stages.
As had been mentioned elsehwers, the reason for a significant
treatment difference at the first stage and lack of significant
variation later lies in the time lag between sowing and

symbiotic nitrogen fixation. In soybean, effective nitrogen



fixation starts by about 22 days after sowing. Applied
nitrogen had its impaot on dry matter acoumulation during this
period when symbiosis ocould not taks effect . A4t later stages
when nitrogen fixation became effeotive, the differences between
levels of nitrogen tended to narrow down,

Among the plant parts that contributed to total dry weight
the variation in dry weight of stem and petiole followed an
exactly identical trend as that of total dry weight. The dry
welght increase of stem and petiole with increasing levels of
nitrogen also was significant at the first astege. The
differences in dry weight of leaves at the first two stages
and those of pods at harvest were not significant,

The differences in total dry weight due to culture
inoculation was significent at the first stage only when
inoculation led to a significant superiority. The reasons
for the initial advantage due to culture inoculation have
been discuased already. At the next stage, treatsent
differences tended to equalise and at harvest, uninooculated
treatment recorded a higher mean total dry weight. Among the
components contributing to total dry weight, dry weight of
loavos at the first atage gave significantly higher mean

figuzres due to owlture inoculation., Differences in leaf dry



weight at the next stage and those of atem and petiole and pods
at all the stages were not significant,

Over the stages, there was a more or less steady
increase in total dry weight upto the harvest stage. Among the
components, leaf dry weight increased upto 70 days after sowing.
Observations at harvest could not bs taken as there wes more
or less complete defoliation prior to harvest. In the case of
stea and petiole there was increase upto the 70th day after
which there was a drastic decrease at harvest, Loss of
petiole by defoliation might have been the dominant factor
for tuis loss in dry weight, However there might also have
been trunalocation of some carbohydrates from these parts
to the developing pods leading thus to & decrease in dry weight
of stem aud petiole.

~mong the components contributing to total dry weight,
stem and petiole had a dominant role at the first two stages,
the percentage contributions being 60.4 and 64.3 respectively.
At harvest on the contrary, pods matributed about 70.5 per cent
of the total dry weight,

N{ troion content

Percentages of nitrogen in plant parte excepting seeds
and shell did not differ significantly between levels of nitrogen,

In the case of seeds, nitrogen content decreased with increasing



levels of nitrogen, the decrease dbeing conapicuous especially
at very high levels., In the cese of shell, on the comtrary,
the trendi was reverse and nitrogen perocentages increased with
inoreasing levels of nitrogen applied. Juch a marked
difference in the nitrogen accumulation pattern between seeds
and shell is possible if the rate at which nitrogen is
translocated froa other parts towards seeds differs from the
rate at which this nutrient moves to the shell, It may however,
be noted that the decrease in nitrogen content of seeds assumes
statistical significance only at and beyond 200 kg N/ha,

The difference in nitrogen ocontent due to culture
inooculation was significant only in the case of stea and
petiole at harvest, 4t the earlier two stages the differences
were not significant., The ocourrence of a significantly lower
nitrogen content at harvest alone might be probable because of
a higher rate of translocation of nitrogen from stem and petiole
in the inoculated series. This is poasible especially as the
inoculated plants were less effective in nitrogen fixation and
because there might have besn & greater strain for nitrogen at
the grain filling stage in the plants that were less efficient
nitrogen fixers.

Over the stages, there was an increase in nitrogen

content of stem and petiole and leaves upto the 70th day. At
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harvest on the other band, there was a marked decrease in
ocontent of nitrogen in stem and petiole. Such a trend of
increase in nitrogen content of tissues with growth is not
common in plants, excepting probably in legumes. In soybean
the increase in nitrogen content upto 70th day is probably
a oonsequence of continued effectiveness of symbiotic
nitrogen fixation upto this period. It may also be noted
that even by an application of fertiliser nitrogen at
250 kg/ha at the time of planting, this trend was not reversed
in the case of stem and petiole. However, in the case of
nitrogen content of leaves, the trend of incressing nitrogen
content with advancing crop growth did not persist beyond
150 kg N/ha. At harvest, the nitrogen content of stem and
petiole dropped down considerably indicating thereby a fair
degree of translocation of nitrogen from these vegetative parts
to the developing reproductive organs, There might have been
such a similar transloostion fiom leaves also.
Nitrogen uptake

Total nitrogen uptake was aslgnificantly different between
levels of applied nitrogen at the first stage of observation 40
days after mwing, With increasing levels of nitrogen, this

trend of increase in uptake contimued upto 200 kg N/ha, At the



the subsequent two stages significant treatment difference
disappesred. The reasons for such an observation have been
discussed already. An exactly identical trend was noted in
the case of nitrogen uptake by leaves also which significantly
inoreased with increasing levels of nitrogen at the first stage
of observation but not later. In the cmse of stes and petiole,
there was no significant differsnce between mitrogen levels at
any of the three stages of observation.

Culture inoculation led to a signifiocsnt improvement in
nitrogen uptuke at the first stage of observation. The same
trend continued at the subsequent stage aslso without there being
statistically sijnificeant differences. At harvest the reverse
was the trend and the treatment with culture inoculation gave a
lowsr sean value., The reasons for enhanced nitrogen uptake
at the early stages and the discontinuance of this trend at
later stagea have been discussed in detail earlier.

letween the stages, there was an increase in total
nitrogen uptake upto harvest, The rates of uptake between the
stages were, however, widely different. The mean gptake on
the 40th day and was 39.3 kg /ha as against 68,9 kg on the 70th
day and 217.5 kg at harvest, 110 days after sowing. Calculated

as uptake per day, the aean value for the first 40 days was
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0.98 kg/day and that between 40th day and 70th day, was also
0.98. The corresponding figure for the period from 70th day till
barvest was 3.71 kg/day. This means, in other words, that
the average rate of uptake was more than thrice diring the
last phase. A significant part of uptake and ior that ressecn
syabiotic fixation should have thus continued during this
period of 70-110 days . Accordiug to Norman (1963) nitrogen
fixation in soybean stops 50 days prior to maturity. The
uptake pattern observed in this experiment indicates that atleast
in the variety under trial, anitrogen fixation should have
continued for a substantially longer peried.

A similar trend of increasing nitrogen uptake was noted
in the case of leaves and also stem and petiole upto the
second stege, 70 days after sowiny. However the increase
over the atages was more or less steady and in terms of
quantity meagre as compared to total uptake. The mean uptake
by leaves on the 40th day was 26.9 kg/ha and that on the 70th
day, 39.0 kg/ha, the percentage inorease being 45. The
ocorresponding figures for uptake by stem and gptiole were
12.9 kg, 29.8 kg and 130 per cent respectively. In terms
of quantity, thus uptake by leaves was more than petiole but

the rate of increuse in uptake by petiole was more conspicuous.
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At harvest, uptake by stem and petiole dropped substantially,
the overall mean percentage drop in uptake being 52. The mean
quantity of decrease in nitrogen uptake is 15.4 kg, This
loss in uptake between 70th day and harvest might have been
partially because of loss of soms part of petiole at the time
of harvest and partly because of translocation of nitrogen
fron these vegotative parts to the developing seeds.

A comparison of the relative contribution by the
different parts towards total uptake will reveal that at the
first stage, 40 days after sowing, leaves contributed more
towards uptake, its percentage being 67. The remaining 33
per oent was by stem and petiole. ¥With advanoing growth,
the relative contridution by stem and petiole increased to
43 per cent and that by leaves decreased to 57 per ceat on
the 70th day after sowing., At harvest stage, the major
contributing component was seeds, ths percentage share by
this part being 75, shell and stem and pstiols contriduting
to 18 and 7 per cent respectively. The discussion on per-
centage contribution by plant parts towards total uptake may
be summarised as followss In the early stages, most of the
nitrogen in the plant is concentrated in the leaves. With

advancing growth, more of nitrogen acocumulated in stems and



86

petiole. At harvest, the major part of nitrogen occurs

in seeds followed by a relatively small gquantity in shells,
Negligidly small quantities ocour in the remaining plant parts
at harvest, It may also be worthwhile emphusising that about
75 é} cent of the nitrogen acocumulated by the soybean plant,
be it through nitrogen fixation or by other means, is getting
concentrated in the harvestable produce.

One of the primary objeotives of conducting the
experiment was to arrive at the fertiliser equivalent of rhisobial
inoculation., The results indicate a non-significant
variation in total nitrogen uptake due to culture inooculation,
The fortiliser equivalent of culture inoculation or the quantity
of applied nitrogen that is equivalent in effect to alture
inoculation in this experiment therefore works out to sero.

It may also be worthwhile exploring the possibility of
arriving at an approximate value of the quantity of nitrogen
sysbiotically fixed by soybean or the fertiliser equivalent
of it from the uptake data. The lack of significant increase
in nitrogen uptake consequent to application of graded doses
of nitrogen upto 250 kg/ha indicates that even these heavy
rates of applied nitrogen are not equivalent in effectiveness

to the quantity of nitrogen symbiotically fixed. It may thus



be concluded that under the conditions of experimentation,
the quantity of nitrogen fixed by the soybean plant
exceeds the fertiliser equivalent of 250 kg N/ha applied

basally.



SUMMARY



SUMMARY

An experiment was conducted at the Research 3tation

and Instructional Farm, ¥annuthy on the nitrogen nutrition

and rhisobial inoculation on soybean.

The growth charaoters, yield attributes and yield as
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influenced by various treatasats were statistically analysed.

The percentages of plant nitrogen on different plant parts

was also analysed, The results of the investigation are

summarised bdelows

Te

Different levels of nitrogen did not
influence grain yield. This shows tbat nitrogen
fixed symbiotiocally was adequate for orop growth,
The lack of signifioant response even upto highest
level of 250 kg N/ha indicated that with increas-
ing levels of applied nitrogen, there was a
depression in symbiotic nitrogen fixation. The
affect of fertiliser nitrogen on growth charaeter-
estice and yield components supported the above
conclusions. Artificial inoculation with
rhisodial culture, resulted in a significant

depression in yield., This indicates that the

introduced strasin of Rhisohium Japopnicum was probabdly



2.

3

4.

less offective in nitrogen fization on soybean
than the strains already present in the soil.

With increasing levels of nitrogen, there
was a trend towards increase in stover yleld.

The differences, however, were not significant,
As in the oase of grain yield, inoculation with
the culture led to & significant decrease in
stover yleld also,

Among the observations recorded on the yleld
components, test weight andshelling percentage
only showed significant difference between
levels of nitrogen. The tread in shelling per-
centage was inconsistent, 3ut there was signi-
ficant increase with increasing levels of nitrogen
in the case of test weight, This indicate that
enhanced soil nitrogen supply was beneficial
towards the later stages of crop growth, The other
two characters vis, pod pumber and seeds per pod
showed no response to applied nitrogen, Harvest
indes also did not differ significantly between
treatments.

The variation in the number i branches with

incressing levele of nitrogen was significant at
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7.

8.
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the second stage of observation only. The
variation was not consistent. Inoculation had
no effect.

Flant height increased with increasing
levels of nitrogen. The plant height inorease
in the early stages when symbiotic nmitrogen
fixation could not make any substantial ocontri-
bution towards mitrogen supply might have resulted
in a significant effect of nitrogen on this
character.

Neither nitrogen nor inoculation influenced
the leaf area index., The mean values in this
experiment are not much deviating from the optimum
values reported.

Net assimilation rate also did not differ
significantly between nitrogen levels and also
due to culture inoculation. This indicated that
there was no appreciable difference in the
effiolency of leaves for photosynthesis in any of
the treatments.

Levels of nitrogen did not influence the number
of nodules., The lack of significant differences

in nodule number in this experiment indiomted that
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10,

the contributing factor was mainly the subdbdued
effectiveness of nodule bacteria. Inoculation
reduced the nodule number,

Total dry weight of aerial parts differed
significantly due to the levels of nitrogen at
the first stage only, 40 days after sowing, The
reason for this and significant variation only
in the early stages lies in the tine lag between
sowing and symbiotic nitrogen fixation. The
dry weight of stem and petiole followed the same
trend. Inooulation influenced the total dry
weight at the first stage only. At harvest,
uninoculated treatment recorded a higher value.
Over the stages, there was & more or less steady
increase in total dry weight upto the harvest
stage. Dry weight of stem and petiole increased
upto 70th day and then decreased.

Percentage 6funitrogen in plant parts excepting
seeds and shell did not differ significantly
between lavels of nitrogen. In the case of seeds
nitrogen content decreased with increasing levels
of nitrogen. In the case of shell, the trend was

reverse. ZThis may be due to the difference between
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the rates ot which nitrogen is transloocated from
other parts towards seeds and shell., The
differeace in nitrogen content due to culture
inoculation was significant only in the case of
stem and petiole at harvest. Over the stages
there was an inorease in nitrogen content of stenm
and petiole and leaves upto 70tk day.

The total nitrogen uptake was significantly
different between levels of applied nitrogen at
the first stage of observation, 40 days after
sowing., At the subsequent two stages signifiocant
treataent differvnces disappeared. Similar treand
was noticed in the nitrogen uptake by leaves alsc.
In the case of stem and petiocle thoere was no signi-
ficant response to levels of nitrogen. Culture
inoculation led to a significant iaproveament in
nitrogen uptake at the first stage of observation.
At barvest, the reverse was the trend, DBetween
the stagos, there was an increase in totsl
pitrogen uptake up to harvest. Jimilar trend was
noticed upto second stage in nitrogen uptake by

ates aud petiole and leaves but later declined.



12. The quantity of nitrogen fixed by the
soybean plant appears to excsed the fertiliser

equivalent of 250 kg li/ha applied basally.
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APPENDIX I
Tomther data (weekly averages) from tst Nay to S0th Septembder, 1977

Temp *c Relative Total Bo, of Sun shine
Date Vosks daxi-  Mgni. WMUEL Tl ::'*." (nours)
wan — (mm)
1 2 3 4 5 6 7 8
gy t1.Mgy 6 1 29,7 23.9 62 106.6 4 4.3
May 7 - day 13 2 31.4 24.3 70 51.8 5 2.4
Moy 14 - Nay 20 3 31.3 24.4 T2 78,2 5 2.5
Moy 21 - Nay 27 4 31.3 4.3 69 39.0 5 3.7
Say 28 - Jume 3 5 3.1 24.0 72 52.6 5 2.6
June 4 - Jume 10 6 30.5 23.7 ™ 92.8 6 1.6
June 11 - Jume 17 7 271.7 23.0 79 140.8 7 0.3
June 18 - June 24 8 28,2 23.0 as 198, 3 7 1.7
June 25 « July 1 9 29.5 23.9 80 150.5 7 1.3
July 2 -July 8 10 28,1 22.8 85 2.7 7 b N
July 9 - July 15 1" 29,7 23.4 ™ 69.6 6 0.7




1 2 3 4 5 6 1 8
July 16 - July 22 12 27.7 2.8 86 207.7 7 0.5
July 23 - July 29 13 27.8 23.0 83 173.8 7 2.1
July 30 -« August 5 14 29.9 23.9 19 52.5 5 2.2
iugust 6 - August 12 15 0.1 2356 T5 40.5 5 2.6
August 13 - August 19 16 30,3 24,2 ™ 7.3 2 1.2
August 20 - August 26 17 29,6 23.7 75 69,6 7 1.1
Angust 27 - September 2 18 29.4 22.9 79 93.9 5 2.4
Septeader 3 -~ Jeptember 9 19 29.9 23.1 % 107.5 7 4.2
Septeaber 10 - September 16 20 30.3 23.7 68 22.1 5 5.2
Septeader 17 - September 23 21 3.2 24,0 5 2.1 1 14.9
September 24 - Jeptemder 30 22 31.6 24,0 65 1.0 1




APPENDLX II

Analysis of varimce for yiald, mumder of pods and seed

per pod.

{ Llw B A N 3 <« U 4 K & 3

i | Yield (Kg/ma) ! Humber of
dource j T T ; pods | seeds

g %Grﬁn z 3tover | p;r ; } po:

T i j piant § po
Blcek 3 2084 1068 “8-1‘ 0002
Nitrogen (N} 5 0.25 1.42 59,78 0,01

Inoculation (X) 1 8,15 8,76 60,75 0.00
Kzl 5 0.13 0.68 61.25 0.01
RKrror 3’ 1. 19 0062 84,11 0.40

* . Significant at 5 per ceat level,

& . Significant at 1 per cent level,



APPENDIX 11X

Agalysis of varience for 100 seed weight, shelling percentage,
harvest index and moisture percentage.

glrna;Ax 3 ¢ U AR & S
Souree i or §100 sodg shonncf Rmut: ot sture
} jweight i per~ i index i per=-
' B J centage i l oentage
Treatzent 1 1.45 480“ 3506’ 1 o”
» 48 L ]
Nitrogen (N) ] 1.89 57.22 42,86 0.8%
L 2 ) *
Innoculation (I) 1 3.95 9‘0“ 0.33 4. 75
¥z 1 ‘ 5 005' 29059 ’50" ‘022
Brror 33 0.26 18,70 32,49 1.57

* .. Sdgnificant at 5 per cent level,

** . 3ignificant at | per cent level.



Analysis of variance

APYENDIX IV

for hight and nuaber of branches

g ,“; N E A E & QU4 X E 5

dource | bp fusber of _brmchosz Helght (om)

; Lwtu dq: 70tk dqi 40th dw{ Toth mgﬂmoﬂt
slock 3 25T 2% 504,78  55.97  33.07
Treatnent 11 0.59 2.05 173.95  460.81  318.47

. ce v e
Hitrogen (N) 5 0.8% 3,06 399,09  786.63 644,86
Inoculatioa (I) 1 0,09 2.04 68,16 358,61 212,52
Kzl S 0,45 1,03 29.98  155.43  13.28
&rror 33 0.39 1.15 37,92 13331 74,60

* . Jignificant at 5 per cent level.

** . Aignificant at 1 par ceat leval.



APPENUIX V

dnalysis of varimace for nodule number, leaf, srea index

and net assimilation rate.

| 145 AN SQU ARBES
dource : ¥ ;uod“l . g Leaf ares index 4 Net assi-

i f rumber f40th dw‘ 70th dayj nilation

, rate

i ' § ! i
Blﬂak 3 44.35 1.92 17.09 1.26
Treataent 11 444,72 2.69 4,75 0.44
Eitrogen (N) 5 257.20 2.99 3.15 0.99
Inooulation (I) 1 1541.33 4.06 17.91 2.79
BxI S5 412,93  2.12 3. T2 0.39
Error 33 3650‘3 1.40 5.54 0.72

* o 3ignificant at 5 per cent level,

& . aiznificant at 1 per ownt level.



APPENIIX VI

Analysis of variance for dry weight of leaves and stem and petiole.

g : i E A u 5 40U AR & 3
i 13y weight of z Dry weight of stem and
i fleaves petiole.
Jource § ar ¢ f '
{  i40th dayl70th 1 4otn day! 70th day} Harvest
1 ] | i
Blook 3 33.10 22.99 54.20 161,72 121,18
Treataent 1 57.12 13,09 78.83 84,82 115,58
e L d
Hitrogen (N) 5 31.99 18,92 115,53 150,33 221.90
Imc\llltion ‘x) 1 ‘2?049 58.2‘ 87098 O.24 3404‘0

® .. Jigaificant ut 5 per cent leval,

"% . digificant at | per cent level,



APPLRDIX VII

dnalysis of variance for dry weight of pods and total dry weight

T.zxaausuuaxrss
Source : o b ry wetght of: Total dry weight

i : paca jooth do,y{ T0th qu Barvest
Blook 3 588,28 170,90 145,56 1308,50
Treataant 1" 637.73 219,56 88,33 768.74
Nitrogen (K) 5 304039 252.86 116,60 1205.70
Inoculation (I) 1 271,78 497.93 0.2 613,50
Nzl 5 044,27 130,60 1.80  362.84
Brror 33 128,432 81,66 215,2 557.758

* . Significant at 5 per cant level.

** .. Significant at t per cent level.



APYENUIX VIIX

dnalysis of variance for ¥ ocatent (%) of lcaves, otem and potiols,

seeds and ahell

: b u g 4 & S QU ARUEK S
i gditrogen cont- ¢ Sitrogen oot i Bitrogen
i jent of leaves i ent of stea i content of
Source : F QL 2 and petiole 1
| jeotn 7ot :wth: 1on§ Har-! seeds! snell
4 da t
| v e day ) vesy
310* 3 0.91 0073 0.01 °¢23 0.‘2 00‘7 00‘6
Tr.ﬂt‘.‘t 11 0080 oo 9‘ 0. 11 0053 C.40 5056 ’o"
*» »
Nitrogen (N) S  1.,2% 0.32 0.17 0.10 0.28 6,86 2.9
- »
HxlX 5 0651 1.63 0.08 0,63 0.45 0.94 0.24
Ermr ” 009, 0.69 0012 0.15 00‘3 0075 0094

* = dmificant at S per cent level.

% .. Hgnifioant at 1 per cent levul,



APPENDIX IX

Aualysis of varisnce for nitrogen uptake (Kg/ha) by leaves and

atem and petiole

2 Y gas 43 5 QU 4R E S
i ; Jitrogen uptukai Nitrogen uptake by stem
§ } b7 leaves, b and pstiole.
<“ourece " P - [}
i ¢ sowtbrom | somi 70ta ! Harvest
' | day g day day day §
3loak 3 290.43 524.70 44,10 231,08 107.20
Treatment 1 668.50 “96096 78035 309.58 ‘59002
»
Nitrogen {N) 5 729.60 463,90 94,06 190,53 142,18
L o 2
Inoculation (I} 1 1299.7 574,20 ‘5‘085 6050 56,50
ExI 5 489,12 514,58 41,93 539.24 196,36
Brror 33 220,90 365.80 41,02 211,22 79, 18

* . Jigulficaut at 5 per cent level.

%% . Significant at 1 per cent laevel,



APPEZNDIX X

Analysis of variance for aitrejgen uptake (Kg/bha) by seed, shell
and total uptake

P M B A W 8 ¢ U 4 R E 8
: :Bitrosen uptake by! Total nitrogen uptake
Source § OF ¢ i
§  §vecis 2 sbell :4013): dq: 70%h uy:ﬂnrvut
b ! l | | |
8100k 3 15694.56 1344.56 552,08 11227V 28229,98
Trestaent 11 2080.08 493,20 1157,04 1292.34 4%07.09
*
Nitrogea (¥) 5 220%.25 934.55 1270.03 1107.07 5207.16

Inoculation (I) 1 5154.88 180,92 2161,998 458,53 4363,71
¥x1I 5 1341.95 114,31 893,061 1644.37 3393.71
irror 33 4506.T1 510,72 387,508 604.45 7763,69

* » Jignificant at 5 per cent level.

#* . Siznificant at 1 per cent level,
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ABSTHACT?

An sxperiment wes conducted at the Research Statioa
and Instructional Farm, Hannuthy during 1976 oa the
nitrogen nutrition and rhisobial incoculation on soybean
(Clycene max (L.) Merrill).

The investigation was undertaken to assess the
aitrogen requirement of the orop under inoculated and
uninoculated conditions. Alse the study was aimed to
arrive at the fertiliser equivalent of rhisobial imooulation.

The experiment was 1aid out in factorial ia randemised
blogk with 12 treatments and 4 replications,

The study revealed that nitrogen fixed symbiotiocally,
was adequate for the cxop. Application of anitrogen
depressed aymbiotic nitrogen fixation and with increasing
levels of nitrogen, there was depression in symbiotio
nitrogen fization. The study aleo revealed that introduced
strain of Rhisobius japoaicum was less effective in mitrogea

fixation oa soybean than the strains already preseat in
the soil.

Appliocation of nitrogen did mot influence the stover

yield. Inooulation of an ineffective strain tended to



depress the stever yield,

Applioation of nitrogen increased the plant height
in the early stages when symbiotic nitrogen fixation
oould not make any substantial contribution towards

ni txrogen supply.

Significant increase is test weight with inoreasiag
levels of nitrogen indiocated that enhanced scil nitrogen
supply was benefiocial towards the later stages of crop
growth,

The quantity of aitrogen fizxed by the soybean plant
sppears o excesd tha fertiliser equivalent of 250 kg N/ha

applied basally,



I. A general view of the experimental plot,
90 days after sowing,

II, Mo nitrogen, imoculated
ve
100 kg nitrogen, uninoculated.






M. mo nitrogen, inoculated
TS

150 kg nitrogen per hectare, uninoculated.

I?7.  Mb nitrogen, uninoculated

TO
200 kg nitrogen per heotare, uninoculated.
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VIl. General view of experimental plot,

90 da/s after sowing*

VI 50 kg nitrogen per hectare, inoculated
Vs
150 kg nitrogen per hectare, uninoculated.






100 kg nitrogen per hectare, uninooulated
ve
200 kg nitrogen per hectare, uninooulated.

200 kg nitrogen per heotare, uninooulated
va

50 kg nitrogen per hectare, uninooulated.






Mo nitrogen, inoculated
Vs

250 kg nitrogen per hectare, uninoculated.

50 kg nitrogen per hectare, inoculated
Vs
150 kg nitrogen per hectare, uninoculated.






