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l i f B O B U C T I O B

Soybean (Olyoens m i  (!*•) M errill) i s  cultivated in aasgr 

parts of the world as s  rich soures of protoin and o i l .  dowever, 

i t s  cultivation in  largo arsss in  India i s  re latively  resent.

largo seals experisantation o f soybean in  India was 

was started in  the 1960's. By 1970 several varieties were 

released fo r oultivation especially in  the northern States 

of the country. A world collection o f over 600 varieties  

was worsened fo r su itab ility  in  South India at IASI Sob 

Centre at Coiabatore. Based on this* about 25 varieties  

wore selected as suitable fo r  M is  region. These 25 

varieties were again tested fo r  their perfoxaaaoo in  red 

loan so ils  o f Mannuthy, Triobur since 1976. The variety  

SC 99621 was found to perfora v e il.

Being a lagans, i t  is  expected that the soybean plant 

w ill nest it s  own nitrogen requirement through syabiotio 

nitrogen fixation. Bovever, as i t  is  a new introduction, 

the so il nay not be having the effeotive strains o f nodulating 

bacteria, hhisoblua iaoonioun. I f  this i s  the case, aost of 

nitrogen required fo r  this crop should be net by so il supplies 

of ainsral nitrogen. Again, i f  the native population o f syabiotio 

nitrogen fix ing organisms are not effeotive in  nitrogen fixation, 

a drastio improvement o f crop perforaance aust be expeoted due
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to a r t if ic ia l inoculation with rhiaobial cultures containing 

the appropriate strains.

In the presence o f effeotive strains o f syabiotio 

nitrogen fixers, an inverse relationhip between nitrogen 

fixation and quantity o f aineral nitrogen in  so il i s  often 

observed. In aany o f the instances, a aore or less effeotive  

balancing between nitrogen supply fzoa so il and depression in  

syabiotio fixation have been reported. In such a situation no 

additional benefit due to nitrogen fe rtilisation  nay be expected 

in terns o f growth, yield and nitrogen uptake in inoonlated 

soybean. In the uninoonlated crop, on tile contrary, there aust 

be favourable crop perforaaaee, y ie ld  and uptake o f nitrogen 

with increasing levels of applied fe r t i l is e r  nitrogen. I f  

this is  the trend o f results, i t  aust then be possible to 

arrive at the fe r t i l is e r  equivalent o f syabiotic nitrogen 

fixation due to culture inoculation by ooaparing the nitrogen 

uptake o f inoculated unfertilised crop with the uptake of un- 

inocolated fe rt ilised  crop. I t  w ill thus be possible to 

work out the advantage due to rhiaobial culture inoculation 

in  quantitative teras.

I t  is  reoognised alnoe long that the appropriate species 

of Rhiaobiua is  different for different leguaes. I t  was later  

established that there are strain differences trithin a species
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of Rhisobiun sad that the nost effective strain  van diffsrsnt 

fo r  differont legunee within a cross iaooulation group. Raooat 

work on this lia s  indioatss furthsr that the aost effeotive  

strain oaa ho d iffsrsat for d iffsrsnt so ils . I t  is  also 

known that in any so il* with ths prohabis exception of soils  

in  whioh a lsguas ia  ooatinuously grown, thsrs w ill not bo 

aa adoquato rhiaobial population in it ia lly . Population 

build up and offsotiwo nodulation ocour gradually and 

tho tiao lag  warioa with situations. Many aa occasion, 

ths tiao roquirod is  so long that ths orop aay in it ia lly  

suffer fo r want o f nitrogen. In such situations also, 

a r t if ic ia l culture inoculation is  reooaaended to ensure 

an adequate in it ia l aiorobial population. 3oae advantage 

aay thus be expected froa rhiaobial inoculation in  the 

presonos of native effeotive strains also.

The present study oonsisted of studying ths performance 

o f soybean (variety £C 79821) at graded levels of nitrogen 

with or without culture inoculation. The sain objectives 

of the study were the followings

1. To assess ths nitrogen xwquiresent o f the orop under 

inoculated and uninooulated conditions.

2. To arrive at the fe r t i l is e r  equivalent of rhiaobial 
inoculation.

3. To study the effect of rhiaobial inoculation ( Rhisobiua 

daoonicua) on the performance of soybean.



REVIEW OF LITERATURE



HKVII.* OF LITMATOEM

A, affect o f applied nitrogen pa soybean

A .1 Effect on growth and yield

Kxperiaental results on the effect o f nitrogen nutrition 

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

the experiments involving graded doses o f nitrogen showed 

positive response npto a relatively low level o f applied 

nitrogen only. There had been however, narked deviations 

froa this general trend. In  sons eases, there was no 

advantage due to nitrogen application and in aoae others 

significant response was obtained upto a relatively high 

level. A brie f review o f the work done on this aspect is  given 

below, grouping the experiaents under the above three 

categories.

Mao eut a l (1972) reported response in  soybean yield  

upto 60 kg nitrogen per heotare during the khariff season, 

during the rabi season, on the contrary, there was signi

ficant response upto 180 kg nitrogen per heotare. Inoculation 

with rhiaobial culture was done in  both oases. Teeraswaay 

and kethinaswaay (1974) observed that nitrogen application 

at 90 kg per heotare significantly increased grain yield over



5

the control o f  no nitrogen supply end treataents with 

25 kg nitrogen per heotare during the Monaoon season.

During the other tee seasons there was no yield  increase 

due to application o f nitrogen. Kesavan and Moraohan 

(1974) observed that application of nitrogen resulted in  

a significant increase in  protein content o f grain, 

though a s in ila r yield increase was not obtained. In  a 

pot ezperinent by hair and Tajuddin (1974) i t  vas observed 

that there was a significant increase in  plant height upto 

200 pps of applied nitrogen. Kang (1975) studied the 

effeot o f nitrogen fe rt ilis e rs  on soybean, with and without 

inoculation. Nitrogen application combined with inoculation 

was found to increase yield, dry natter, nitrogen uptake, 

pod nuaber, seed weight and nitrogen oontent. I t  was 

concluded that 30 kg and 60 kg nitrogen per hectare were 

needed with and without inoculation respectively for aaxiatua 

yield . Agarwal and larang (1975) reported that maxima 

grain yield was obtained by the application o f 20 kg nitrogen 

per heotare. Applied nitrogen was also found to increase 

the protein and o il content o f grain appreciably. •iistachs 

(1976) based on fie ld  t r ia ls  suggested that noderate yield
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of soybean can be obtained froa inoonlated currently 

available soybean cultivars with or without a aaall 

dressing o f nitrogen. Sable and Khnspe (1976) reported 

significant linear increase in  grain yield due to nitrogen 

upto 60 kg per hectare. Dry natter, pod and grain weight 

were also found to inereaae with increase in levels o f 

nitrogen upto this leve l, but not beyond. hundred grain 

weight also showed a s in lla r  trend. Bhaogoo and Albritton  

(1976) found that seed yield froa nodulating lines of soybean 

at low nitrogen level equals those froa the noa-aodulating 

lines at 112 kg and 224 kg spplisd nitrogen per heotare.

At the oigher nitrogen rates yield froa both nodulating 

and non-nodulating lines wars s ia ila r . Syabiotio nitrogen 

fixation waa found to, practically, cease with 448 kg 

nitrogen per hectare while with 56 kg nitrogen per he chare 

there was no inhibition o f syabiotio nitrogen fixation.

Based on the oxperlaents, i t  was reooamended that for  

greatest u tilisation  and s ffid sn cy  o f fixed nitrogen, 

applied nitrogen should be in  the range 50 to 112 kg per 

hectare with allowanoe for residual so il nitrogen. Sable 

and Khuape (1977), in  an experiasnt found that there was
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increase la  anaber o f pods* plant height and grain and 

e to Tor pi old upto 30 kg nitrogen per hectare.

Andrews (1957) reported that aaaoniua sulphate inoreaeed 

the yield o f soyhoana significantly when applied in large 

anounta* but i t  had l i t t le  influence on it s  nitrogen oontont. 

Tskur and Hasan (1972) observed that the yield variations 

due to different levels o f  nitrogen were significant upto 

190 kg per heotare. though there waa significant increase 

i s  yield due to Mhisohtum inoculation, the deficiencies 

disappeared at the highest lsvel o f nitrogen vis 120 kg per 

hectare. the inhibiting effect o f mineral nitrogan 

supplied through the fe rt ilis e rs  was attributed to be ths 

reason for the Isok o f significant advantage due to 

inoculation at high nitrogen leve ls . In  an experiment 

by Lawn et a l (1974) supplemental nitrogen (448 kg per 

heotare) waa applied aa aaaoniua nitrate at the end of 

flowering. Seed yield and seed protein oontont increased 

by the application o f nitrogen. Bhaagoo and Albritton  

(1976) obtained yield  inoreasea i s  response to nitrogen 

(upto 220 kg per hectare) o f 16 to 53 per eent more than 

chaok plots end 5 to 21 per eent mere than «*  plots during



1968 and 1969. Pal and Saxeaa (1976) conducted fie ld  

experlaenta to determine the effeot o f varying levels of 

nitrogen fertilisation . They found that nitrogen 

fe rt ilisa tion  upto 300 kg per heotare had l i t t le  effect 

on nitrogen concentration, amount o f nitrogen in  different 

plant parte or whole plants, nitrogen accumulation rate end 

seed yield  per plant in inoculated nodulating lines. In  non- 

nodulating iso -lines, ths above attributes were significantly  

improved by application o f nitrogen upto very high levels.

The performance o f non-nodulsting lines reached parity 

with the nodulating lines at 200 to 300 kg nitrogen per 

hectare. Syabiotio nitrogen fixation warn found to dsorsass 

practically to sexo when nitrogen rats sxosedsd 224 kg per 

heotare. Fifty kg nitrogen had l i t t le  effect on nitrogen 

fixation.

Andrews (1938) reported that inoculation produced 

significant increases in yield o f soybeans where nitrate  

of soda or eyanaslde waa used and did net where urea or 

aaaoaium sulphate was used. Be also found that inoculation 

did not increase the nitrogen content o f soybean significantly  

where aay sources o f nitrogen were used. Lyons end Sarly 

(1952) in  s two year f ie ld  study observed that with adequate
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ra in fa ll* aodarata taaparatura and 50 to 40 daya additional 

growing season, thara was l i t t la  or no rasponae to addad 

nitrogaa. Welsh (1974) found that neither nitrogan nor 

planting data affaotad yiald . Kesaran wad Moraohan (1974) 

also raportad that nitrogan applioation had no offoot on 

sasd yield or o i l  oontont. Carson and Shuback (1974) in  

an experlaent found that applioation of nitrogan upto 120 kg 

par heotare with 50 kg aaoh o f phosphorus and potassiua 

did not inoraasa soybean seed yiald . Williaason and 

ftlatloff (1975) oonduetad f ie ld  experiaents over four 

seasons. They oknarred that nitrogan upto 154 kg par hectare 

did not produce aay response on nodulated soybeans.

01sen a t ML (1975) also obsarrad a s ia ila r  trend in Bragg 

soybean. Pal and Saxana (1975) raportad that nodulating 

lines o f soybean did not respond to nitrogan whan they 

ware either effectively inoculated or raised in  a fie ld  

which bad bean under inoonlated soybean in the past.

Buis at a l (1976) found that nitrogen had no affaot on yiald

of soybean upto 210 kg par heotare. Effect o f concentration 

and source o f addad nitrogen (MH4+ or MO3“ ) on nodulation, 

nitrogen fixation and yiald was studied in nutrient solution
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by Joseph (1977). Modulation and nitrogen fixation were 

found to be sererely suppressed by the addition of nitrogen 

either as HH4+ or ®03~.

A .2 gffeot on nodulation

The reported relationship between levels o f applied 

nitrogen and nodulation o f soybean had been usually inverse, 

irrespective o f the quantity o f 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 snail amounts.

Fellers (1918) reported that sodium nitrate inhibited 

nodule formation and consequent fixation o f atmospheric 

nitrogen. Hels and Whiting (1928) found that normal 

nodulation o f soybean was secured in  non-fertilised so ils  

o f 23 to 40 per cent moisture oontent. Fertiliser  

application in amounts large enough to lower the percentage 

of germination also decreased nodulation. Application 

of either ammonium or nitrate salt in the above amounts 

deoreased nodule formation. Doolaa and George (1938) 

studied the effect of sonal distribution o f nitrogen on 

nodulation o f soybean. Application o f nitrates to a
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portion o f root son* resulted in •  dooronoo in  nodulation in  

this ion* as eonparod to the nitrate free sone o f the ease 

plant. However,at very high levels o f application of 

nitrates, the depressive effect of nitrate applied to a 

sone was also transmitted to the nitrate free sone. 4s 

oompared to the decrease in nodulation due to the application 

o f nitrates to the entire root sone, application to a 

single sone only resulted in a lover decrease in  nodulation. 

In  general, the depressive effects were so re pronounced on 

the weight and development than in the number o f nodules. 

Beard and Hoover (1971) reported that nodule nuaber per 

plant was linearly  and inversly related to the rate o f 

nitrogen application. This inhibitory effect o f fe rt ilise rs  

on nodulation was observed only when the fe r t i lis e rs  were 

applied at the tine of planting but not when applied at 

flowering. Experiment conducted by Shakra and Bassiri 

(1972) indicated that nitrogen fe rt ilisa tion  upto 120 kg 

per heotare reduced the total nuaber o f nodules per plant.

Eao and Heddy (1972) reported that highly significant 

reduction in nodule number was noticed due to nitrogen levels. 

The maximum number was at 0 lerel o f nitrogen and lowest at 

160 kg per hectare. Bao and Bader ( 1975) studied the
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nodulation process at different levels o f nitrogen on 

tho varieties SC 99824 and SC 14437. Modulation started 

froa tho 22nd day and tho aaziaua was attained on tho 67th 

day. ?g.e nodule nuaber deollnod then onwards through 

disintegration. Plants in control plot (no nitrogen) 

produced the largest nuaber o f nodules and the nuaber 

decreased with increased nitrogen levels at each stage of 

observation, the decrease being significant 6? days after  

seeding. The nuaber of nodules present at 60, 120 and 

180 kg nitrogen per heotare levels worked out to 90.5,

79.4 and 68.4 per cent respectively. Baa a t a l (1975) found 

that nitrogen fe rtilisa tion  increased seed y ie ld , weight 

per seed and seed protein percentage in soybean. In  

nodulating plants, fe r t i lis e r  nitrogen decreased nitrogen 

fixation, plant nodule weight, nodule nuaber and weight per 

nodule. Hinson (1975) reported that nitrogen reduoed nodule 

nuaber. In an ezperiaent Bhangoo and Albritton (1976) found 

that nodulation waa decreased significantly by as auoh as 

50 per eent with applied nitrogen.

Hatfield et a l (1974) studied the effect o f applied 

nitrogen on nodulation and early growth. They found that
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th« number o f nodulea m  increased by th« addition of nitrogen 

fo r 2 weeks following aoodling energenoe in  the variety triad.

8.1 Sffeot o f rhiaoblal inooulation on y ie ld . nodulation and 

fllMfr o ^ r M t a a .

neeulta on the response to a r t if ic ia l inoculation with 

oul ture* containing Hhlspbiu* japonioua had boon oontradiotiag. 

In some cases there being draatio increases in growth and 

yield  o f soybean and in aoae others vsxy l i t t le  or no 

response.

Lynch and Lears (1952) designed an experiment to 

evaluate the importance o f inoculation o f soybean when grown 

on land where well nodulated soybeans had bean grown 

previously. They observed that neither so il treatment nor 

interval o f time since the host plant had boon grown had 

any influence upon orop reaponae to inoculation. Lven on 

plots which had not grown soybean since 1939 inoculation 

did not increase soybean yielda. Pad&rwal and dan 11971) 

found that the survival o f a large population of inoculated 

Rhiiobiua on the eurfaoe o f legume seed is  necessary for  

improving the ohanees of root-hair injection and thereby 

nodulation. Aocording to Singh and Choubey (1971) the
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quantity o f nitrogen fixed toy the different atraina of 

ahisobiua ia  in the range froa 80 to 100 kg nitrogen per 

hectare in  one planting season. iiingh and Saxena (1972) 

conducted fie ld  experlaents in 1968 aad 1969 in a ilty  

clay loan so il rich in nitrogen and available phosphorus 

to evaluate the influence o f nitrogen and inoculation on 

grain yield  and yield contributing characters o f Bragg 

soybean. They observed that inoculation inoreased grain 

yield considerably at a l l  levels o f nitrogen although 

the aagaitude of differences was aoaewhat reduced at 

higher ratee o f 1 ertiliaation . An inoreaae in nitrogen 

level fron 0 to 80 kg per hectare in 1968 resulted in a 

linear increase in  yield in the absence o f inoculation 

because the nitrogen application reoouped deficiency caused 

by lade o f nodulations. Ait in the inoculated crop* 

there was a linear reduction in yield as a result o f increase 

in the nitrogen level in the saae range. I t  was concluded 

that the reduction in the nitrogen supply to the plants as 

a result o f impaired syabiotic nitrogen fixation owing to 

the high rates o f nitrogen application could not be counter

acted by the increased mineral nitrogen supply froa the
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fe r t i lis e r . The effect of inoculation and nitrogen upto

80 kg per hectare on the yield in 1969 wae eimilar to those

in  1968. In the experiment during 1969, nitrogen levels

were raised upto 240 kg per hectare and the results

shoved similar performance o f inoculated and uninoculated

plants at 160 and 240 kg per hectare* Varna and Tiwari

( 1976) reported that o i l  percentage o f seed decreased

with increase in soybean yield  and this decline was aore

narked following inoculation. In a snail plot fie ld  t r ia l

conducted by 800s jit al (1976) in  Cuba, treataent with

Rhisobiua laponicua increased nodulation and yield of

soybean. Peterson et a l (1977) reported that high rates
4 8of inoculation at the rate of 10 to 10 rhisobia per seed 

at the tine o f planting increase soybean yields.

Prokopenko and Yashehenko (1977) reported that seed 

Inoculation increased plant height, nutrient uptake, plant 

dry natter, nitrogen content, seed yield and protein 

aocunulation. The increase ia  seed yield was 17 per cent 

and inoraase in protein accusulation 2.34 per cent. 

Inoculation also tended to accelerate maturity.

Bajpal at al (1974) observed that rhisobial strains 

significantly increased yields o f soybean. Pal and
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3axena ( 1975) reported a marked increase In nodulation of 

Clark and Haro say soybeans consequent to inoculation. Rao 

and Viswanatha (1974) found that inoculation increased 

number o f nodules, dry weight o f nodules and yield. Cheaney 

Had £t aj. (1975) and Tilak (1975) also reported increase in 

yield  due to inoculation. Similar y ield  increases due to 

rhisobial inoculation on other legumes hare been reported by 

Chahal et al (1976), «*ahsswari (1974), Sahu and Baheerm 

(1972), Kadam (1977), Klango £t a^ (1977) and

Basdieek jg£ jlL (1976).

Cardwell and Johnson (1971) found that soybean seed 

yields and seed protein percentages were not significantly  

increased by inoculating soybean seeds with Rhisobiua 

japonlcua at planting tisa . M iller (1972) reported 

that inoculation did not effect significantly the yield  

o f soybean.

3,2 Efficiency of rhisobial strains

Experiments on the comparison o f efficiency of 

different strains of Rhisobiua had been widely done. In  

almost a l l  the experiments, considerable differences in the 

efficiency o f strains had been observed. The results o f
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experiments conducted to compare the performance of different 

rhisobi&l strains on different soybean varieties indicated 

specificity o f strains on different varieties. The most 

effective strain was also found to be different in  different 

seasons fo r the same variety in some cases. A few 

reports are available comparing the performance o f 

flhizobium japonicum isolates fro® other legumes on 

soybean. Only some of these strains were found to induce 

nodulation but even these strains were ineffective on 

soybean. Studies on the effect of competition by rhisosphere 

bacteria on Rhli:obiua japoaicum in general indicated that 

though a 8ignificant competition is  noticed in agar medium, 

such a competition is  non-existant in culture solutions 

and sterile  so ils . work on the residual effect of culture 

inoculation indicated a higher residual effect, when local strains 

were used as compared to introduced strain.

Harper and iurphy ( 1'32B) reported that considerable 

differences exist in the ab ility  of various cultures of soybean 

bacteria to produce nodules. Ruf and Sarles (1937) studied 

the response of soybean inoculated with good strains end 

poor strains of Rhisobium japonicum. The relative  

effectiveness o f the strains vaa studied. The effective
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strains o f ftblaoblua Japonioua pro duo® d re latively  fe »  

large nodules, the aajority o f whioh were located in  

the iaaedi&te vioinity o f the tap root near the surface 

of the so il whereas ineffective strains produced very 

swell nodules that were scattered over the entire root 

systea. The ineffective strain produced a greater nuaber, 

valuae and weight o f nodules on each plant than the 

effective strains. The effect o f Rhirobins laoonlcus 

strains oa several growth characteristic o f Lee soybeans 

was evaluated in fie ld  ezperiaents by Abel and Erdaan 

(1964). In fie ld s  free o f soybean rhisobia, soae 

strains were aore effective than others in increasing 

seed yield , protein percentage o f seed, root nodule, 

green leaf colour and fresh plant weight and decreasing o il per

centage of seed. One strain was effective on one year 

and ineffective in another. They found that single  

strains were not better than strain aixtures. burton 

and Curby (1965) tested the effectiveness of 2 types of 

ooaaeroial inoculaats oonaonly used in  pre-inoculating 

soybeans in  a fie ld  free o f soybean Rhisobiuw. The
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pe&t isocolant was superior to tbe broth inoculant in a l l

tine periods. Highly significant increases over the

non-inooulated plots were obtained where inoculant was

applied as long as 21 days in advance o f planting. They

also found that effective nodulation o f soybean under

fie ld  conditions i s  dependant not only on the presence of

large nunbers o f live  rhisobia on the seed but also on

oonditiona which are favourable to growth and development
%

of rhisobia. B lair et a l (1966) ,  in a study found that 

inoculation with Ehisobiun japonious did not produce 

nodulation benefits in  fie ld  work. But in the green 

house studies ino culation-nodulation responses were 

reoorded but not o f any great degree. Hvidenoe is  

presented on strain  differences o f cultures o f the 

nitrogen fixing bacteria and o f the relationship o f numbers 

of bacteria in  the inoculum to nodulation. Caldwell (1966) 

found that certain strains of BhisoM.ua laoonieua fa iled  

to produce effective nodules on soybean variety Hardee. 

Gorenko (1967) reported that inoculation of soybean 

seedlings with a strain o f nitragin ( Bhisobium) resulted 

in an increase of 24.5 per cent in yield  whereas with
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another strain i t  was 16.2 par oant. Ah«rs «ara  

corresponding increases in 1,000 seed weight and protein 

content. Rons burg et_ a l (19^9) observed that o f six

effective strains o f Rhisobiua japoaioua present in aa 

inooulua, three produced nodules on one or aore of the 

three soybean varieties tested. These results indicated 

a selective competition fo r  nodule s ite s  saoag the 

three strains whioh produoed nodules on the three varieties. 

Caldwell aad Grant vest (1970) inoculated aoybeaa varieties  

with 28 strains and 2 coaaeroial preparations of 

hhiaobiun japonicun. They found significant yield  

differences aesooiated with certain strains. V isittipitakul 

(1970) observed that on sterile  so il* inoculation with 

nitragin gave a higher dry setter yield  at harvest and 

a greater nuaber of nodules than inoculation with the 

locally  produced inoculant. Tha looal inoculant showed 

no beneficial effect conpared with the control. D iatlo ff

(1970) studied strains o f Rhispbiun jspoolous inoluding 

4 alkali trestnent strains in the f ie ld  at two sites using
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4 varieties o f  soybean. The strains differed in  their 

in factivity both between sites and between varieties  

when assessed fo r percentage nodulation and nodule nuaber 

per plant. Brown J i  jji. (1971) reported that five strains 

of tthisoblun Aaponicua showed effective nodulation on 

three varieties, but seven other strains did not iaprove 

plant growth significantly oonpared with the uni no cui a ted 

control. C honker (1971) observed that when the variety 

* Bragg* was inoculated with 10 strains o f iihiaobiua 

lanonicua. soae strains were not sore e ffic ien t than others 

la  increasing yield. Single strains were not better 

than multiple strain of oosaercial inoculum. lensburg et al

(1971) in  an experineat found that none of the 49 slow growing 

rhisobiel strains fro « a culture collection, isolated froa

25 legune species was able to induce an effective response 

on soybeans, a ineffective nodules were incited by 25 of 

these strains. A few ineffective nodules were formed 

on soybean raised froa uninoculated seed in so ils  obtained 

from esch o f 10 lo ca lit ie s . Balasundaraa and Iswaraa

(1972) found that 8 isolates of Ehiaoblun laponloua showed

a differentia l performance in terns o f nodulation and effect 

on yield in 8 varieties o f soybean. k o llie r  and Obaton( 1972)
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reported that experimental result* froa glass houaa and 

fia ld  observations on nodulation in varieties inoculated 

with 17 strains o f Rhisoblun jappnloua froa various sources 

showed different degrees o f effectiveness o f the strains, 

dharaa and Tilak (1974) reported that inoculation with 

OPaD-2 culture resulted in higher bean yield followed 

by nitragin (0*1*), Kanpur culture and then by culture.

Kao and Patil (1974) tested peat baaed Rhisobiua laponioua 

inoculant obtained froa different sources on variety 

’Davis' near Bangalore during khariff 1972. There were 

significant differences in nodulation and growth status o f the 

crop as a result of seed inoculation with different 

strains. There was no relation between the extent o f 

nodulation and the grain yield o f soybean as a result o f 

inoculation with different strains o f Rhisobiua japonioua. 

fihargava at a l (1974) conducted fie ld  experlaents with 

different indigenous cultures o f Rhisobiua japonioua at 

Pantnagar. They found that inoculation with an effectiv*  

strain o f Rhisobiua japonioua was imperative for succeseful 

cultivation o f soybean. Boohkered (1974) reported that 

variations existed in the nitrogen fix ing  ab ility  of 

different strains of Rhisobiua aad their effect on soybean 

seed yield . In fie ld  and glass house studies 10 out o f
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30 a trains o f  .Khlsoblun japonloua tasted had effective  

and effic ient nitrogen fix ing ab ility . ouch strains were 

able to f ix  about 1.5 kg M/ral/seaaon. (1 rai »  0.16 ha), 

itao sad Patil (1974) observed that there were significant 

differences in nodulation and growth status o f the crop 

as a result of seed inoculation with different strains 

o f hhiaobiun .laponioua. Though the increase in  yield o f 

beans as a result o f seed inoculation was not significant, 

i t  ranged from 41.31 to 172.36 per oent compared to control. 

There was no relation between the extent o f nodulation and 

the grain yield of soybean as a result o f inoculation with 

different strains of dhisobjun Jsponioun. dubbarso (1976)

found that inoculation with ftMWftfcUl .t iw lA a il increased 

yield of soybean. txperiaents conducted by Kunar et a l 

i 1976) at Pantnagar rawealed that inoculation with effective 

culture of Hhisoblun japonlcua was imperative fo r  successful 

cultivation of soybean. In an experiment by Sriraaaraju and 

danuel (1976) i t  was found that in  black so ils  a l l  tbs 

inoculants they tried oxospt Xanl culture gave wary good 

nodulation and aLgnifioently increased y ie ld  which ranged 

fron 63.8 to 134 per oent over oontrol. XAuI culture 

produced considerable number o f nodalos but did not
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contribute ia  any way for tba bettermant o f tbe crop and 

was on par vitb  the uninoculated nitrogen control. Rao 

and Patil (1977) tested 5 ooaaeroial inoculanta o f Rbiaobiua 

jappnloua obtained froa different Agricultural Institutions 

under fie ld  conditions to study their effeot on nodulation, 

nitrogen fixation and bean yield. 7 be re were dLgnific&nt 

differences ia  number and dry weight o f nodules per plant 

and also dry weight o f the plant top as a result o f 

inoculation with different cultures. A ll the inoculants with 

the exception o f one increased the bean y ie ld  significantly  

oo ape red to uninoculated control. ratal _et al (1977) 

reported that aost o f the Karnataka so ils  lacked in soybean 

rhisobia and several strains of Rhisobiua Japonioua obtained 

froa Jabalpur were ineffective in the area.

Rensburg and Van (1969) found that rhisobial strain 

competed in the .rhi so sphere and varieties appeared 

to select a doainant strain. Caldwell (1969) reported that 

the 3 3traina tested differed in their competitive ab ility . 

Performance of combinations of two strains also showed 

significant differences. Saith (1972) studied the inter

actions between Rhisobiua japonlcua aad soybean rhisoaphere 

bacteria on agar platee and in  conjunction with the leguae



25

host in liquid culture, vermiculite and ste r ile  so il.

Seventy eight per seat o f IS bacterial isolates inhibited 

abieobius japonicus on agar. In liquid culture total nodule 

nuaber was greater in  S7 per cent o f the treats eats 

including a rhisosphere bacteriun. But these effeots 

were not noted in veraiculite or so il. -'with and Miller 

(1974) aade a study to find out interactions o f dhieobiua 

japonicua and soybean rhisosphere bacteria. eight out of 

nine rhizosphure isolates inhibited abisobiun jappalcun in  

agar. Modulation was not affeoted by rhisoapbere bacteria 

when piant8 were grown in veraiculite or in  s te r ila  ao ll. 

duhiri (1977) found that there waa d ifferentia l ooapetition 

between strains of dhizobius in  nodulating soybean oultlvars.

dewari et a l (1973) studied the varietal response of 

soybean to nodulation with 2 strains o f rhisobiua japonicus 

of different origin and also with a mixture of these strains, 

inoculation with mixture of strains o f dhisoblum japonicum 

affected the growth and nitrogen uptake significantly in  

4 varieties compared with the inoculation with the idal 

isolate in 2 varieties at 6 weeks stage. In pot tr ia ls

by Lagaoherie et al (1977) soybeans were inoculated with
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of these strains with a non-fixing strain. The presence 

of non-fixing strain was found to decrease vigour and dry 

weight of aerial parts o f the plants.

J&atloff and Brookwell (1976) reported that a particular 

strain o f Rhisobiua japoni oua was ineffective in nitrogen 

fixation with the related cultivars, Hardee and Geduld, hut 

waa highly effeotive with the cultivar, Hampton. They 

also reported that there waa no evidenoe that naturally 

occurring ineffective Rhisobiua japonlcua posed any threat

to the nodulating ab ility  o f effeotive inoculant strains. 

Rewari et al (1973) In an experiment inoculated 6 soybean 

cultivars with 2 strains o f Rhisobiua japonicum to study 

the individual and combined effect o f nitrogen uptake and 

yield o f shoot, dry aatter and seeds. i l l  cultivars gave 

significant increases in dry natter yield and plant nitrogen 

content when inoculated.With the IARI strain, the yields o f 

cultivars, Masterpiece, Clark-63, Bragg and Punjab-1, 

increased 11,3,2 and 2 fold respectively when coapared with 

the uninocuiated control. I t  was concluded that strain  

vari ations and cultivar specificity appear to control the 

efficiency o f Rhiaoblun.
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Kabi (1976) observed that in  t r ia ls  with soybeans, 

seed inoculation with local strains o f fthiaobiun .1 spool cun 

showed the greatest residual effect on nodulation in the 

following years, while inoculation with the introduced 

strains showed the least residual effect. The experiment 

conducted by Patil et a l (1977) revealed that inoculation 

with nitragic and I * d  culture significantly increased 

nodule mrabers and increased seed yield  by 16 per oent.

The grain yield of wheat Cv. lalyan 227 sown in the aaae 

plots in winter increased and in plots previously support

ing soybean inoculated with 1A&1 culture, the y ield  

increased by 29 per cent. The need is  stressed fo r  

selection of rhiaobial strains suitable fo r the iegune 

cultivar, the environmental condition and o f maximum benefit 

to the following non-iegusinoua crop.

leaver (1974) reported that in  glass house t r ia ls  only 

a few, o f the 21 rhiaobial strains isolated froa nodules 

proved to be effective on pss nuts. I t  was concluded that, 

ground nut grown in Texas would respond to inoculation 

with highly effective rhixobia and that the fie ld  teat would 

be necessary to verify the potential benefit froa inoculation.



MATERIALS AND METHODS
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A fie ld  experiment wee oonducted et the Research station 

end Znetructionel Fen  (Kerala Agricultural University), 

Aannuthy, during May-Septeaber, 1977 to study the response of 

soybean to different levels o f nitrogen end rhiaobial 

inoculation.

1. Materials

1.1 Site and so il

The Research Station and Instructional Fan  is  situated 

at 10*32" H latitude and 76*10" longitude at an altitude of 

22.25 meters.

The so il was an acid sandy loan. Bata on the aechanieal

and chemical analysis o f so il are given below*

Mechanical coapoaition o f soil

(expressed as percentage on moisture free basis)

Coarse sand 44.00

Fine sand 18.50

S ilt 13.00

Clay 22.00

GhmiMik, aaAsMiM 

■Saaatttttiai
Total nitrogen (percentage)

lR-.aoii jtstfaod used

0.095 Kicrokjeldahl aethod

Total phosphorus(percentage) 0.027 In MCI extract} as
aaaoniua phospho
mo ly  boats, Volumetric
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Total potassiua ( paroantaga) 0*023 In HCl extract}
flaaephotoastric.

Available phosphoruB (kg/ha) 17.00 In  Bray I  extract}
Chlorostannus reduoed 
aolybdophoaphori c blue 
colour aethod.

Available potassiua (kg/ha) 18.55 In  neutral aaaoniua
acetate extract} 
flaaephotoaetrio.

1*2 so il} aolutic 
ratio using a pS aeter.

P* in eater 5.2 1*2 so il; solution

1.2 Cllnate

The details of aeteorological observations fo r the 

cropping season are given in  Appendix I , and Fig. I .  The 

weekly average o f daily aaxiaua teaperature ranged froa 

27.7®C to 31.6°C and the weekly averages o f the daily aininua 

teaperature froa 22.8*C to 24*5*0 during the crop season. The 

relative huaidity ranged froa 62 per oent to 86 per cent.

There were 116 rainy days during the period o f 153 days. The

total rain fa l l  received during the period was 1965.9 aa. The

aaxiaua rain f a l l  was reoelved during the f i r s t  week of July. 

Muaber o f hours of bright sun shine per week ranged froa 1.1 

to 14.9. I t  was relatively  low during the period froa 1st 

week of June to 3rd week o f July.
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1.3 CroyglnjLMjtogr 

The fie ld  waa continuously under paddy during south

west and north-east Monsoon seasons. A crop o f oowpea 

was raised in the preceding suoaer season.

1.4 Tarlstar

•Soybean variety £C 39821 obtained froa the Potaey 

Pi-vision o f Tsail Madu Agricultural University. Coisbatore. 

was used in  the study. The variety was an introduction 

froa Thailand (Kesavan 1970). Ths plant oharaoters of 

this variety are furnished below i

Plant 

Petiole

Leaf shape 

Flower colour 

Pays to flower 

Pays to maturity 

Seed ooat oolour 

Weight o f 100 seeds

1.5 Fertilisers  

Super phosphate and muriate o f potash were used to supply

phosphate and potash respectively at ths rats o f 80 kg par

—  Pwarf

—  long lea fle t  -  
loosely arranged

—  linear, lanceolate

—  purple

—  35

—  90

—  yellow

—  9.01 g
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hectare each. Mitrogen in  the fora of area waa used in the 

study. Slaked line prepared on the spot vas used at the 

rate of 1*000 kg per hectare.

2. Methods

2.1 hay out of experiment

The experimental design was factorial in  randomised 

block with 4 replications. Sach replication consisted of 

12 plots and eaoh plot consisted of 4 beds o f 4.5 ■ z 1a 

in else each. Sach bed was separated by furrows 0.3® 

wide and 20 ca deep. Randomisation o f treatments was done 

with the help of random number table.

2.2 Treatments

There were 12 treatment combinations o f 6 levels of 

nitrogen and 2 levels o f rhisoblal inoculation.

Mitrogen

10 —  oontrol* no nitrogen supplied

Ml —  50 kg per hectare

M2 ■— 100 kg per hectare

Mj —* 150 kg per hectare

H4 —  200 kg per heotare

M5 —  250 kg per hectare
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Inoculation

10 —> Control

Z1 —  Inoculated

Treatment combinations were*

10 10 — M0 11

Ml 10 — M1 11

M2 10 — M2 11

M3 10 — M3 11

«4 10 — M4 11

M5 10 we MS 11

2.3 Field culture

2.3.1 Preparation o f main flo ld

The fie ld  was ploughed with tractor and later harrowed 

with a t i l le r  to reaova the weeds. Beds were taken and deep 

drainage trenches were proTided along the boundary and also In 

between plots. Formation of trenches was necessary to proride 

drainage as the crop was raised in Monsoon season.

2.3 .2  hieing and fe r t i l is e r  arallflfttion

Lime was broadcast on each bed and raked seven days prior 

to sowing. Fertilisers were applied as basal dressing. Ths 

three straight fe rt ilis e rs  wsrs aired and broadcast on beds
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and than aixed with the so il.

2.3.3 Seed trsstnsnt end sowing

For treating the ssed with ths inooulua, ths procedure 

reoonaended by Taail Nadu Agricultural University was followed. 

Jaggary syrup was prepared and osoled. the culture was 

added to the oooled syrup and nixed thoroughly. The seeds 

wore aixed then with the culture and dried in  shade.

Sowing waa done on 21.5.1977. Sowing o f inoculated 

seeds was done f i r s t .  Thirty seeds were sown in each row 

of 1 a length and 45 on spaoe was given between rows. Though 

the stand per row was fixed as 20, excess seeds were sown to 

aooount for fa ilure in gemination. Seeds were sown in  rows 

and a final population o f 20 plants per row was retained to 

give an average spacing o f 5 on between plants in the row.

2.3.4 Thinning out

Semination was oonplete by 7th day. About 70 per oent 

gemination was obtained in a l l  the plots. Thinning out of 

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

2.3.5 Plant protection

Attack o f lea f eating caterp illar was noticed when the 

plants were about 25 day old. Sevln was sprayed and the
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pest was brought under control.

Hand weeding and earthing up were done when the pi ante 

were 30 day old. Earthing up along with the deepening o f 

drainage trenches wee repeated after a aonth.

2.3.7 Harvesting

Harvesting wae done when the plants were 106 day old. 

There was complete defoliation at the tise  of harvest.

3> Observations

Observations on the following characters were taken 

at various stages o f growth.

3.1 Qrowth characters

1. Plant height

2. Muaber of branches

3. Leaf area index

4. Module count

5. Muaber o f pods per plant

6. Dry weight of atea and petiole

7. Dry weight o f pods

8. deed weight

9. 3hell weight
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10* Muaber of iN d a  per pod

11. M«t assiailation rats.

3.2 Observations at harvest

1. Grain yield

2. Stover yield

3. Moisture percentage

4. Teat weight

3. Shelling percentage

6. Harvest index

3.3 Cheaioal atudiea

1. Per~cent nitrogen in  leaves

2. Par "cent nitrogen in  a tea and petiole

3. Perfcent nitrogen in  seeds

4. Perjcent nitrogen in  shell

4. Sampling procedure

A bad in each plot was selected at randoa using randon 

numbers. One row of plants each was selected at randoa in  

these beds. Five plants were narked froa the second plant 

in  the row to take observations on plant characters. Similarly 

a set o f five plants were selected on randoaly selected rows 

fo r growth analysis. These plants were cut at the base 

at 40 days after sowing aad froa these samples, lea f saaples
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were taken at randoa. Another aet o f five plants were out 

fo r growth analysis at 70 days a fter sowing and a third set 

at harvest also.

5. details o f observation procedure

Details o f observation prooedure followed for eaoh of 

the characters studied were as follows!

5 .1 Plant height

Height of 5 plants sal«oted was measured from the 

ground level to the terminal hud with a metre seals. the

height was recorded in centimeters. Height was measured

at 3 stages, 40 days a fter sowing, 70 days after sowing and 

harvest.

5.2 bW .C ftll

auaber o f branches was counted at two stages, 40 days 

a fter sowing and 70 days a fter sowing on the same plants on 

whioh plant height was measured. dumber o f branches was 

counted from the bottom to tbs top, leaving the terminal 

unopened bud.

5.3 l»oaf area indar

Five plants aelacted were cut et the base. Ten leaves 

were taken at randoa from the samples. Quality bond paper
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waa weighed and the area per unit weight of the paper waa 

determined. The paper waa out in the shape of 10 sample leaves and 

the weight o f the 10 paper cuttings waa 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 lea f area per unit dry weight was calculated.

The rest o f the leaves was also picked separately, dried in 

the oven, weighed and added to the weight of 10 leaves to get 

the total lea f weight. The lea f area o f 5 plants was computed

froa the dry weight of total leaves and the area per unit dry

weight. The lea f area index was then worked out by dividing 

the lea f area of 5 plants by the f ie ld  area occupied by then.

5.4 Module count

Two sample plants from each plot were pulled out after 

l i f t in g  with a spade. The plants were transferred to a 

polythene sheet and the so il from the root was carefully removed.

The total number of nodules was counted and the nodules 

per plant were worked out.

5.5 Mumber o f pods

dumber o f pods on 5 plants was counted and pods per 

plant were worked out.
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5.6 Dry weight o f ■boot

Dry wei ght o f shoot was determined on tha sane plants 

on which lsa f area studies ware made. I  Mediately a fter a l l  

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

at TO0 to 8Q°C for 3 days aad then dry weight was taken. The 

dry weight o f 10 lea f samples and o f the rest of the leaves 

were added to get the total dry natter produced by 5 plants.

5.7 Met assiailation rate

The procedure given by Watson (1956) and Buttery (1970) 

was followed.

5.8 Pry weight o f pods

Pods collected froa 5 sample plants were dried in an 

oven at 7O0 to 80°C and weight wea determined.

5.9 Pry weight of needs and ahall

Beads and shells were separated fron the pods which 

were used fo r  determining the dry weight of pods. Weight 

of seeds and shell was deteralaed separately.

5.10 Muaber o f aaeds per nod

i i f t y  pods were selected froa 5 sample plants aad 

the number o f seeds per pod was counted and then the average 

worked out.
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5.11 Ortitt y ield

J*et plots were harvested after exoluding bonier plants. 

After threshing winnowing and cleaning, grain sanple was drawn 

froa each plot to deteraine the noisture percentage and test 

weight.

5.12 Stover yield

Stover froa each plot was weighed separately after 

sun drying.

6. Chemical analysis

Total nitrogen was ostiaated by the Miorokjeldahl 

procedure as given by Jaokaon (1958). daaples o f shoot, 

leaves, seeds and shells wen analysed seperately fo r total 

nitrogen.

7. Statistical analysis

Data on yield, yield attributes and growth characters 

were analysed statistica lly  following the methods o f Snedecor 

and Cochran (1967). 'F ' teat was oarried out by analysis

of variance method and significant results were compared by 

working out the c ritica l differences.



RESULTS
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The results of the experiment as influenced by the 

various treatments are summarised in the following text 

with the help of appropriate tables and suitable diagrams.

t. f ie ld

1.1 Grain yield

Data showing the grain yields are given in Table 1 and 

their analysis of variance in Appendix I I .

There was no significant difference in yield between 

different levels of nitrogen. The yield obtained in control 

was almost equal to that obtained at 200 kg 0/ha.

Inoculation has given a different trend. There was 

significant difference between treatments. Inoculation 

significantly depressed the yield.

The interaction effect was not significant.

1.2 Stover yield

Data on stover yield are civen in Table 1 and their 

analysis of variance in Appendix I I .

stover y iela showed a trend similar to that o f grain, 

with increase in levels o f nitrogen there waa a more or leaa 

steady incraaae in yield upto 250 kg S/ha. The difference
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Table 1. Effect of levels o f nitrogen and inoculation on 

yield* nuaber o f pods per plant and nuaber of 

seeda per pod.

1 l ie ld  (kg/ha) i Number of

Treatments
■ | 
i Seed i
I !

Stover
1
i
I

pods per iseeds 
plant i per pod

Nitrogen levels  
(kg/ha)

0 1678.6 1488.8 24.0 2.1

50 1689.7 1495.7 22.7 2.2
100 1780.3 1674.0 19.6 2.1

150 1794.8 1695.1 26.9 2.2

200 1829.0 1980.0 23.6 2.2

250 1950.4 2058.6 26.9 2.1

7-Test M.3 M.3 Ji.3 N.3

3. Ka. ± 220.5 158.9 3.2 0.226

CO at 5* — — — —

Inoculation

Uninoculated 2064.3 1975.4 25.1 2.2

Inoculated 1594.8 1488.8 22.8 2.2

7-Test Sig Sig M.3 N.S

3. £a. 1 127.6 91.7 1.9 0.045

CO at 5* 367.5 263.8 —
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in yield between nitrogen levels wee, however, statistica lly  

not significant.

There was significant difference between inoculated and 

uninoculated treatments. As in the case o f grain yield there 

waa a depression in yield  in inoculated treatments.

The interaction effect was not significant.

2. fie ld  oowpone&ts

2.1 Nuaber of pods per plant

Data on the nuaber o f pods per plant are given in Table 1 

and their analysis of variance in  Appendix I I .

Nitrogen application did not increase the nuaber of 

pods per plant significantly.

Though statistica lly  not significant uninoculated treat

ment showed superiority over inoculated treatment.

2.2 Humber of seeds per pod

Data on nuaber of seeds per pod arc given in Table 1 

and thair analysis of variance in appendix I I .

Neither different levels o f nitrogen applied nor 

inoculation influenced the nuaber of seeds per pod.

2.3 Test weight of seed (100 grain weight)

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

analysis of variance in Appendix I I I .
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leve ls  o f nitrogen and inoculation highly influenced 

the 100 grain weight. With iocreaaing levels of nitrogen, 

the teat weight also tended to increase upto 250 kg 9/ha.

The levels o f significance were aa follows* 250 kg 

9/ha was significantly superior to a l l  levels of nitrogen 

froa control to 150 kg 9/ha. 100 kg 9/ha was superior to

control.

Uninoeulated treatment was significantly superior to 

inoculated treatment.

Interaction was not significant.

2.4 Shelling percentage

Oata on shelling percentage are presented in Table 2 

and th- analysis of variance in Appendix I I I .

There was significant difference between levels of 

nitrogen. 100 kg 9/ha and 50 kg «/ha were significantly  

superior to control and 250 kg 9/ha. There was no 

significant difference between 100 kg 9/ha, 50 kg 9/ha,

150 kg 9/ha ana 200 kg «/ba. “lac there was no significant 

difference between 200 kg 9/ha ana control and 250 kg 9/ha 

and control.

The uninooulated treatment was superior to inoculated 

treatment.
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Table 2. Effect o f level a of nitrogen and inoculation on 

100 aood weight, shelling percentage, harvest 

index and moisture percentage.

i 100 seed i Shelling I harvest i Moisture
Treatments i weight i peroent- I index ipercent-
 t (g )_________| »ge | {%) |age

Mitrogen levels  

(kg/ha)

0 12.7
50 12.8

100 13.2

150 13.3
200 13.5

250 14.0

F-Test Sig

S. Be. + 0.179

CD at 5# 0.449

Inoculation

Uninoculated 13.590

Inoculated 13.016

F-Test Sig

S. Be. ♦ 0.105

CO at 5% 0.302

60.3 53.9 1.9

64.9 52.6 1.2

66.7 53.7 1.6

64.3 50.0 1.9

62.4 49.1 2.0

60.0 47.9 1.9
Sig 8.3 8.3

1.53 2.015 0.443
4.40 — —

64.5 51.3 2.1

61.7 51.1 1.4
Sig 8.3 8,3

0.88 1.164 0.255

2.53
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Interaction of foot waa not significant.

2.5

Data on aoisturo percentage are given in  Table 2 and 

their analysis of variance in Appendix I I I .

There was no significant difference either between 

different levels o f nitrogen or between inoculated and 

uninooulated treatments.

2,b  Harvest index

Data on harveat index are presented in Table 2 and 

their analysis o f variance in Appendix I I I .

^either inoculation nor applied nitrogen had any 

significant 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 highest 

level o f nitrogen.

3. Growth characters

3.1 Muaber o f  branches

Data on nuaber of branches recorded 40 and 70 days 

afte r sowing are given in Table 3 and their analysis of 

variance in Appendix IV.

There was no significant difference in  the nuaber of 

branohes in the f ir s t  stage either between different levels
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Table 3. Effect of levels of nitrogen and inoculation on
nuaber of branches and height.

i Humber o f branches i Height ( cm)

Treatment* j 0
i40th dayj 70th day 

1 1

x40th i 70th| Har- 
| day | day j vest

Aiitrogen level 

(kg/ha)

0 6.2 9.2 33.4 48.6 47.9
50 6.4 10.4 36.0 51.1 53.2

100 6.0 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 72.4 66.9
250 7.0 8.6 48.9 71.3 71.0
F-Test H.a Sig Sig Sig Sig
S. Ea. 1 0.22 0.37 2.17 11.8 3.05
CD at 5J6 — 1.09 6.26 11.75 8.79

Inoculation

Uninooulated 6.6 9.1 43.9 64.1 63.5
Inoculated 6.7 9.5 41.5 58.7 59.3
F-Test M.3 H.3 M.S N.S N.S

S. fia. + 0.12 0.21 1.25 2.35 1.76
CD at 5^ *****
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of nitrogen or between inoculated and uninoculated 

treatments. But levels o f nitrogen influenced the number 

of branches in the second stage. 50 kg M/ha was superior 

to a l l  other levels of nitrogen and control.

Though statistica lly  not significant, number of 

branches showed slight increased mean value in the case 

of inoculated treatment in the second stage whereas in the 

f i r s t  stage the difference was very negligible.

Interaction was not significant.

Number of branches increased from f ir s t  stage to 

second stage.

3.2 Height o f plants

Bata on the height o f plants are presented in Table 3 

and their analysis o f variance in Appendix IV.

The effect of levels o f nitrogen was significant at a ll  

the three stages. With increase in levels o f nitrogen, 

there was increase in plant height at a l l  the three stages. 

At the f i r s t  stage, 40 days after sowing, 250 kg M/ha,

150 kg M/ha and 100 kg M/ha were found to be superior to 

50 kg M/ha and control.

At the second stage, 70 days a fter sowing, 250 kg M/ha,
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Table 4. Sffeot of levels of nitrogen and inoculation on nodule
nuaber, loaf area index and net aaainilation rate.

t I*eaf area index i
Treatment i

I

■oauj.w
nuaber j40tk dajrJ 70th day j

fBigs*
ailation rate

ditrogen 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 B .i B.S B.S lf.3

Sm. 1 6.75 0.41 0.85 0.302

CO at 5* — — — —

Inoculation

Uninoculated 41.4 3.0 4.9 1.624
Inoculated 30.0 3.6 6.1 1.177
F-Test Sig 1.3 1.3 i.S

3. Ka. ♦ 3.9 0.24 0.48 0.173
CO at % 11.2 eatss —
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200 kg M/ha, 100 kg H/ha and 150 kg M/ha vara found to ka 

superior to 50 kg M/ha and control. 50 kg M/ha was 

significantly superior than control.

At harvest, the sane trend as in the case o f second 

stage was notioed.

Effect o f interaction was not significant at any of 

these stages. however, the uninoculated treataents record

ed higher aean values consistently.

There was no significant difference between inoculated 

and uninoculated treataents. But, at a l l  the stages, 

uninoculated treataents gave a higher aean value.

The height increased froa f ir s t  stage to seoond stage 

but there was not aneh differenoe between seoond stage and 

harvest.

3*3 le a f area index

Data on lea f area index reoorded 40 days and 70 days 

after sowing, are presented in Table 4 and their analysis 

of variance in Appendix Y.

fa either levels of nitrogen nor inoculation caused 

significant differenoe in leaf area index at any of the stages.
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Table 5. Effect of level a of aitrogaa and Inoculation on
dry weight of leaves and stea and petiole.

Treatments

i Ory weight o f 1 
8 leaves i 
i (o/5 plants) 1

Dry weight o f stea and
petiole
tg/5 plants)

| 40th I 70th ! 
i day 1 day i 
8 i !

40th 1 
day i
......... 6

70th i 
day 8
... . ....i.

Mar.
vest

1
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 11.1

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 26.8 24.0

F-i'est ».S M.S 3ig N.O Sig

S. Sa. £ 1.360 1.482 1.905 3.160 2.304
CO at 5£ — — 5.484 ~ 6.631

Inoculation

Uninooulated 6.7 11.3 11.1 24.3 16.3
Inoculated 10.0 13.5 13.8 24.2 14.6

F-Test Sig M.3 M.8 4.8 N.3

3* Mb . + 0.785 0.856 1.100 1.824 1.330

CO at 5% 2.259 MOT OTOT OTOT



o f no nitrogen supply recorded very low value* ae compared 

to treatments receiving fe r t i lis e r  nitrogen.

in  contrast to aost of the other characters, inoculation 

resulted in higher leaf area index at both the stages.

Interaction was not significant in  any o f the stages. 

Leaf area index increased from f ir s t  stage to aeoond stage. 

3*4 Met assimilation rate

Data on net assimilation rate between 40 days and 70 

days after sowing are given in Table 4 and their analysis of 

varsiance in appendix 7.

Neither different levels o f nitrogen nor inoculation 

influenced net assimilation rate significantly.

3.3 Pry weight o f stem and petiole

Data on dry weight o f stem and petiole at 40 days 

and 70 days after sowing and at harvest are given in Table 5 

and their analysis o f variance in Appendix VI.

Levels of nitrogen influenced the dry weight of stem 

and petiole in the f ir s t  stage. There was no significant 

difference between 250 kg N/ha, 200 kg N/ha, 150 kg li/ha and 

100 kg N/ha. There was no significant difference between
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100 kg */ha, 150 kg 8/ha and 50 kg 8/ha. d ix ila rly , there 

was no significant difference between 150 kg 8/ha, 50 kg 8/ha 

and control. 250 kg 8/ha and 200 kg 8/ha were found to he 

superior to 50 kg 8/ha and control. 100 kg 8/ha and 

150 kg 8/ha were found to he superior to control.

However, in the seoond stage, dry weight was not influenced 

by any o f the levels o f nitrogen. hut there was a slight 

linear increase in aean dry weight froa control to 250 kg 8/ha.

In the third stage, dry weight of stea and petiole was 

increased by different levels of nitrogen. 250 kg 8/ha was 

signifioantly superior to a l l  levels from control to 

150 kg 8/ha. 200 kg 8/ha was superior to e l l  levels

including control hut excluding 250 kg 8/ha and 150 kg 8/ha.

Inoculation had no influence on dry weight of stea and 

petiole at any o f the atagee. Dry weight o f stea and petiole 

Increased fro® f ir s t  stage to seoond stage but then decreased.

5.6 Qry weight o f leaves

Data on dry weight of loaves at 40 days and 70 days 

after sowing are given in  Table 6 and their analysis of 

variance in Appendix 71.

In both the stages, nitrogen leve ls  did not influence
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Table 6. JKffeot i f  levels of nitrogen and inoculation on

dry weight of pods and total dry weight.

Treatments

i Pry 
i weight < 
i pods 
j (g/5 
| plants)

igS iMI Total dry weight (g/5 plants)
of*

I
i
1

40 th 
day

1
i

i

i
70th | 
day \

i

Har
vest

Nitrogen levels
(kg/ha)

0 30.8 11.9 33.3 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

F-Test N.5 Sig N.8 N.S

S. Bm. +m 4.006 3.195 5.187 8.350

GO at % — 9.197 — —

Inoculation

Uuiuo eclated 40.9 17.4 37.8 58.2

Inoculated 36.1 23.8 37.7 51.0

F-Test N.S Sig M.3 ».S

S. Km. + 2.313 1.845 2.994 4.821

CP at 5* 5.311
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dry weight of leaves. There was ao significant difference 

between treataents. Bat though statistica lly  not 

significant there was a linear increase in aean dry weight 

froa control to 230 kg M/ha.

Inoculated treatment was superior to uninoculated 

treatment at the f ir s t  stage and there was no significant 

differenoe in  the second stage but at this stage also 

inoculated treatment gave a higher value.

Interaction effect was not significant.

Cry weight of leaves increased froa f ir s t  stage to
e

second stage at levels o f nitrogen and also at inoculation 

treataents.

3.7 Brv weight o f pods

Pata on dry weight o f pods are presented in Table 6 

and the analysis o f variance in Appendix V II.

There was no significant difference either between 

different levels o f nitrogen or between inoculated and 

uninoculated sets.

Interaction between levels o f nitrogen and inoculation 

was highly significant.

3.8 Total dry weight

Data on total dry weight at 40 days and 70 days after
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•owing and at harvsst arc presented in Table 6 and their 

analysis o f variance in Appendix V II .

Both levels o f nitrogen and inoculation influenced the 

total dry weight at 40 days after sowing. 250 kg M/ha 

was superior to control and 50 kg M/ha. 200 kg M/ha 

was superior to control.

Inoculated sets were superior to uninoculated sets.

At 70 days after sowing or at harvest, neither levels  

of nitrogen nor inoculation influenced the total dry weight.

A s ia iia r  tread as in the dry weight of stea and 

petiole wes notlewd in total dry weight, at different 

stages. The aesn velue wee higher in inooulsted sets at 

40th day, i t  was alaost equal at 70th day and waa just 

reverse st harvest.

3.9 Mnaber o f nodules

&«ta on the nuaber of nodules are presented in the 

fable 4 and their analysis o f varianoe in Appendix V.

levels o f nitrogen did not influence nodule nuaber. 

There waa ni.-mifleant differenoe between inoculated and 

unicceulated seta. Uninooulated seta were superior to 

inoculated sets.
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Table 7. Effect of levels o f nitrogen and inoculation on
nitrogen content o f stea and petiole.

Treatments
IN itrogen  content (^ ) of stea and petiole

‘ ri 40th da/ ± 70th dfiy Harvest

Nitrogen levels  
(kg/ha)

*
50

100

150

200

250

7-Teat

3. fiffl. ♦

CD at %

Inoculation

Uninoculated 

Inoculated 

7-Teat 

3. fin. +

09 at %

1.22
1.22

1.21

1.13
1.25
1.22
M.3

0.122

1.10
1.14
M.3

0.071

1.44

1.46

1.43
1.32
1.28

1.31
fi.3

0.138

1.35

1.37
M.3

0.077

1.12

1.18

1.24

1.03

1.20

1.10

ft.S

0.126

1.18

0.94
3ig

0.02
0.06
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Interaction was not significant.

4. Chesloal etudiea

4.1 nitrogen content of stea and petiole

Data on nitrogen content o f stea and petiole at three 

growth stages are given in Table 7 and their analysis of 

variance in Appendix V I I I .

different levels o f nitrogen did not influence the 

nitrogen content of stea and petiole at any of the stages.

Inoculation had no effect at the f i r s t  and second stages 

of observation. But uninoculated sets were found superior 

at harvest.

Interaction effect was significant at harvest* but not 

at the other two stages. The data showing the interaction 

affect are presented in Table 7a.

Nitrogen oontent increased fron 40 days after sowing 

to 70 days a fter sowing at a l l  levels o f nitrogen applied 

and inoculation but then the values declined at harvest.

4.2 Nitrogen content o f leaves

Bats on the nitrogen content o f leaves at two stages are 

given In Table 8 and their analysis of variance in 

Appendix V III.

Neither applied nitrogen nor inoculation influenced the
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Table 7a. Interaction affect o f nitrogen and inoculation 

on nitrogen content o f atea and petiole at 

harvest.

Mitrogen levels I Inoculated i Uninooulated I Mean

to * *  t_______ I__________ I___
0 1.40 0.64 2.24

50 1.63 0.74 2.37

100 1.33 1.13 2.46

150 0.96 1.10 2.06

200 0.91 0.50 1.41

230 0.69 1.31 2.20

lean 7.12 5.62 12.74

CO for comparison between combinations,

a . in . ♦ m 0.090

CD at 5# •  0.299
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Table 8. Effect of levels of nitrogen and inoculation on
nitrogen content of leaven, needs and shell.

Treataents

1
i
I

Nitrogen content 1 Nitrogen content 
of leaves ( * )  I (%) of

I
1

40 th day! 70 th day!
............. i..................I

Seeds i
4

Shell

Nitrogen levels  
(kg/ha)

0 3.38 3.64 8.64 2.47

50 3.18 3.51 8.75 2.6 2

100 3.08 3.89 8.16 2.91
150 3.35 3.98 8.12 3.20

200 3.62 3.61 7.59 4.01

250 4.16 3.87 6.22 3.07

F-Teat N.3 N.3 Sig Sig

3. Sn. + 0.342 0.295 0.307 0.35

CO at % — — 0.884 1.007

Inoculation

Uninoculated 3.50 3.74 8.14 2.82

Inoculated 3.42 3.62 7.85 3.28

F-Test N.3 N.3 N.3 8.3

S. &B. t 0.197 0.170 0.176 0.197

CD at 5J* —
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loaf nitrogen content at both the stages. Though 

sta tistica lly  not significant* uninoeulated sets gave higher 

aean ▼nines. Mitrogen content inoreased from f ir s t  stage to 

seoond stage at a l l  levels of nitrogen applied except 

2S0 kg M/ha. Inoculation also gave aaae trend.

4.3 Wjtrogen content of shell

Data on nitrogen oontent of shell are presented in 

Table 8 end their analysis of variance in Appendix V III.

Applied nitrogen influenced the nitrogen content of

the shell. 230 kg M/ha, 200 kg M/ha and 150 kg M/ha

were significantly superior to 100 kg M/he* 50 kg M/ha 

and control.

Though statistica lly  not significant inoculated 

treatment gave higher aean value.

4.4 Mitrogen content o f seeds

Data on nitrogen content o f seeds are given in Table 3

and their analysis of variance in Appendix V III.

Applied nitrogen had a narked influence on the nitrogen 

oontent o f seeds. Increasing levels o f nitrogen tended to 

deorease nitrogen oontent. A ll leve ls of nitrogen fro a 

control to 200 kg M/ha were superior to 250 kg M/ha.



Table 9, Effect of levels o f nitrogen end Inoculation on 

nitrogen uptake by leaves and stea and petiole 

(kg/ha).

& Nitrogen uptake I Mitrogen uptake by 
I bjf I « t « .  «0d p .t lo l . .

J  40th i 7 0 t h j  40th i 70th i Bar- 
__________________________ j day i day | day ( day | vest

Mitrogen levels
(kg/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 33.6 22.6

F-Test S ig s.a Ji.S U.S M.3

3. Sm. + 5.011 6.7 2.2 5.1 3.146

CD at % 14.424 M-n-

Inoculation

Oninooulated 21.8 35.6 11.9 30.2 15.6

Inoculated 32.0 42.5 14.0 29.4 13.3
F-Test S ig M.3 U.S M.S U.S
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50 kg A/ha aad control vara superior to 200 kg d/ha also.

laooulatloa did not influence nitrogen content of 

seeds. But the nean value was higher in uninoculated sets.

4.5 djtrogen uptake fry eten and petiole

Bata on the nitrogen uptake by stea end petiole are 

presented in Table 9 and the analysis o f variance in  

Appendix 11.

At a l l  the three stages* 40 and 70 days after sowing 

and at harvest neither levels o f nitrogen nor inoculation 

influenced the nitrogen uptake by stea and petiole 

significantly. However, there was linear increase in  

nean value froa control to 250 kg ll/ha though statistica lly  

not significant.

Inoculation gave a slightly lower value at the second 

and third stages. At a l l  levels o f applied nitrogen and 

inoculation, nitrogen uptake by stea and petiole increased 

froa f ir s t  stage to second stage and then decreased.

4.6 litrogen uptake by leaves

Bata on the nitrogen uptake by leaves at 40 days and 

70 days a fter sowing are given in Table 9 and their analysis 

of varianoe in Appendix IA.
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nitrogen uptake by leaves at 40 days a fter sowing was 

influenced by levels o f nitrogen applied. 230 kg M/ha was 

significantly superior to 130 kg M/ha, 30 kg M/ha and control. 

Inoculated treataent was significantly superior to un

inoculated treataent.

The trend was different in the aeoond stage. neither 

levels o f applied nitrogen nor inooulation influenced the 

nitrogen uptake by leaves.

With increasing age* there was increasing nitrogen 

uptake tgr leaves. The increase froa 40th day to 70th day 

ranged froa 20 per cent at 230 kg M/ha to 111 per cent at 

150 kg M/ha.

4.7 nitrogen uptake tar seeds

Bata on nitrogen uptake by seeds are given in Table 10 

and the analysis of variance in Appendix A.

both levels o f nitrogen and inoculation did not influence 

the nitrogen uptake by seeds.

4.8 Mltrogen uptake by shall

Bata on nitrogen uptake by shell are presented in Table 10 

and their analysis o f variance in Appendix A.

Neither levels of nitrogen nor inoculation did influence
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Table to. Effect o f levels o f nitrogen end inoculation on 

nitrogen uptake (kg/he) by seed end shell end 

total nitrogen uptake.

Treataent*

i Nitrogen uptake by (Total nitrogen 
i 1 take at

up-

I
i
I

3eed* P Shell J 40 th 
day

I 70th 1 Her. 
j d*y | v . .t

Nitrogen level*  
(kg/he)

0 163.3 34.0 25.1 50.2 209.3
50 152.4 25.0 30.6 67.5 190.4

too 152.1 29.4 37.4 77.8 194.0

150 196.5 47.4 33.5 77.7 259.3
200 162.7 51.3 57.1 70.8 226.2

250 157.6 46.1 52.0 79.7 226.4
F-Test Ji.d * .s 3ig K,»> N.tf
8. ♦ 23.7 7.9 6.9 8.6 31.1
CO at 5# — — 20.0 — —

Inoculation

Uninooulated 174.4 37.0 32.5 65.8 227.1

Inooulated 153.7 40.9 46.1 72.0 208.0
F.feat k.d k.S Sig &.<i M.d
J. Ka. £ 13.7 4.6 4.0 5.0 17.9
CO at 5* 11.5
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tbs nitrogen uptake Iy shell.

4.9 total nitrogen uptake

Data oa total nitrogen uptake are proaeatsd la  fab le  10 

and their analysis of ▼ariaaoe la  Appendix X.

Levels o f nitrogen bad narked significant influence oa 

total nitrogen uptake at 40th day. 290 kg M/ha vaa 

superior to a l l  other levels of nitrogen except 200 kg M/ha. 

200 kg M/ha eas superior to a l l  other levels o f nitrogen.

Inoculated seta shoved superiority over uninoculated

seta.

At the second stage* 70 days after sowing, the 

differsnot la  nitrogen uptake between levels o f nitrogen 

narrowed down. Though the differences were not significant 

there vaa s t i l l  a tread towards increase la  uptake with 

iaoreasiag levels o f nitrogen. The lowest aean uptake 

of 90.2 kg l/ha vaa observed fo r  control as against 

67*5 kg fo r nitrogen applioatloa at 90 kg l/ha sad 79.7 kg 

for the highest level o f 290 kg l/ha.

The inoculated sata recorded higher aeaa nitrogen uptake 

at this stage also* th# differones were however not 

significant.



F I S .  9 .  N -  U P T A K E .  O F  l e a v e s ,  s t e m  A N D  P E T I O L E , S E E D S ,  S H E L l  A N D  T O T A L  U P  T A K E  

A S  A F F E C T E D  B y  D I F F E R E N T  L E V E L S  O F  N ' T R O S E H  A N D  IN O C U L A T IO N .

L E V E L S  OF N I T R O G E N  ( k.3 /
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At harvest the trend of inareaaing uptake with increase 

in rate of application alaost disappeared. The differences 

were not significant.

Unlike the previous two stages* the uninoculated 

treatment recorded higher aean nitrogen uptake at harvest.

The differences as oospared to treatment receiving inoculation 

was not significant.

Interaction was not significant at any o f the above three 

stages.

Over the stages, there was an increase in nitrogen uptake 

with advancing crop growth in a l l  the treatments. However, 

the uptake between the 70th day and the harvest was such 

aore than the uptake between 40th And 70th day after  

sowing. The interval between the three stages o f observation 

were aore or less the sane, 30 days between the f ir s t  and 

seoond stages and 34 days between seoond and third 

stages.



DISCUSSION
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UX3CU&»X0Ji

I’he present invastivation was taken up with a view to 

study the effect o f different levela o f nitrogen and 

rhieobial culture inoculation on growth and yield o f soybean 

variety SC 39821. The so il o f the experiaental fie ld  waa

an acid sandy loan which contains 0.095 per cent nitrogen, 

0.027 per oent phosphorus, and 0.062 per cent potaasiua.

The effect of nitrogen and inoculation on the plant 

characters contributing directly or indirectly to yield, 

growth and quality vaa studied to ascertain the aagnitude 

o f response to each character under observation.

Froa the result o f the present investigation, i t  oan 

be seen that the difference between treataents in respect 

of aoat of the characters studied are not statist!ca lly  

significant, though there is  a trend in favour o f certain 

treataents.

Qf » ija

Different levels o f nitrogen did not influence grain 

y ield . Tield of control plot waa alaost on par with that 

o f the highest level o f nitrogen applied. This shows that 

nitrogen fixed syabiotically waa adequate for crop growth.
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The lack o f significant response even upto the highest level 

o f 250 kg H/ha also indicates that with increasing levels of 

applied nitrogen* there was depression in symbiotic nitrogen 

fixation. At a l l  the varying levels of applied nitrogen, 

quantities o f applied nitrogen were aore or leas balanced by 

the decrease in symbiotic fixation. This w ill be further 

evidenced by the data on nitrogen uptake which showed 

practically l i t t le  difference between levels o f nitrogen 

application. duoh a depression in nitrogen fixation con

sequent to aineral nitrogen supply has been widely observed 

jbhangoo and Albritton (1976), Fellers (1918), &aa at al 

(1975) and Hat fie ld  (1974)j • S ia ila r  observations on lack

of significant iaproveaent in yield o f soybean in fie ld  

experiments were reported ea rlie r by l>ynch and 3ears (1952), 

•iriraaaraju and £»aauel (1976).

The following discussion on the effect of fe r t ilis e r  

nitrogen on growth characters and yield components w ill 

further support the above conclusions. Aaong the various 

growth aeasureaents, only the following characters showed 

significant increase due to nitrogen application. These 

are nuaber o f branches at the second stage o f observation
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40 days after sowing, plant height at a l l  the three stages, 

total dry weight at the f ir s t  atage and dry weight o f stea 

petiole at the f ir s t  and third stages. Aaong these 

characters, the variation in nusber o f branches was incon

sistent and progressive increase was not observed with 

increasing levels o f nitrogen. In the ease o f total dry 

weight at the f i r s t  stags 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 leve ls  o f nitrogen. Dry 

weight o f stea and petiole on the oontrary was consistently 

higher at higher levels of nitrogen at a l l  the three stages 

though the differences f e l l  rttort o f statistica l significance 

at the aeoond stage. Plant height increase with increasing 

levels o f nitrogen was consistent and was statistica l 

significant at a l l  the three stages. Hone o f the other 

characters was significantly affected by nitrogen levels.

The results thus show that in at least a few growth 

characters, there was significant iaproveaent upto the f ir s t  

stage of observation. This aay be aainly because applied 

nitrogen contributed substantially to nitrogen requireaent 

o f the crop up to the stage of in it ia l nodule fo nation  and
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effeotlve symbiotic nitrogen fixation. According to Homan 

(1 963) nodulation starts 9 days a fter sowing in soybean and 

effective nitrogen fixation starts after about 22 days.

Wfcen symbiosis becaae effective and nitrogen fixation could 

take care o f the nitrogen requirement o f the crop, the 

advantage due to eineral nitrogen supply disappeared. This 

explanation, however w ill not hold true in the case of two 

plant characters v is . plant height and dry weight o f stea 

and petiole which showed significant differences upto the 

stage of harvest. The probable reasons for this deviation 

w ill be discussed separately.

Of the yield components, test weight and shelling 

percentage were significantly affected by levels o f applied 

nitrogen. The variation in shelling percentage with increas

ing levels o f nitrogen was inconsistent. In the ease o f 

teat weight, however, there was progressive increase with 

increasing levels o f nitrogen. As evidenoed by the lack 

o f significant increase in  yield, th is inprovenent i s  this 

yield component alone could not affect the fin a l yield  

appreciably.

A rt ific ia l inoculation with rhisobial culture resulted 

in a significant depression in  yield . This shows in a l l



71

probability that tba introduced strain o f Khisoblus japonicua 

was loan effective ia  aitrogan fixation oa aoyhaaa than tha 

atraina already praaeat in tha ao il. Differences ia  c ffsctivs- 

naaa of various atraina o f HMspbiua japonioua on soybaaa 

hava baaa reported by several workers j^harsa aad Tilak 

(1974)* nao aad Patil (1977)* Rensburg H.J. Van (19^9)^* 

According to Boraan (1963) there oaa bo different strains 

of bacteria ia  different nodules o f a leguae though in general, 

a single nodule w ill contain only a single straia. By 

a rt if ic ia l culture inoculation a certain percentage of 

nodules would have been foraed with the introduced strain.

I f  this introduced strain wan less effective than the strains 

already available in  the so il* i t  would then explain why the 

yield of inoculated set was lower than the uninooulated 

oories.

A a ia ila r  trend o f superiority o f  uninooulated series 

over the inoculated was noted aleo in  several growth 

oharaotors* nodulation and yield o f stover. Aaong these* 

the depressive effect o f inoculation waa significant in the 

oase o f nodule nuaber and yield o f stover.

A perusal o f the data on nitrogen uptake w ill further 

substantiate the effect o f nodulation. At the f ir s t  stage
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o f observation, total nitrogen uptake was aignifioaotly  

higher in the inoculated treatment. At the next two 

stages, differenoes sere not significant. Though not 

significant, even at the seoond stage, the inoculated 

set recorded a higher aean nitrogen uptake. At harvest, 

the reverse was the trend and inoculation led to a 

decrease in  total uptake. i s  indicated by a significantly  

higher nitrogen uptake in  the inoculated set at ths f irs t  

tvo stages, inoculation was beneficial in it ia lly . This 

may be due to the supply through culture inoculation of a 

large number o f nitrogen fix ing organisms, though leas 

effective than the native population. This trend also 

indicates that the so il in it ia lly  did not have a sufficiently  

large rhisobial population o f the required strain. At 

la ter stages, this setback van aore than compensated by 

aultiplication o f the native, sore effeotlve strains. Ths 

ovsr a ll affect was thus a superiority o f the native strains 

in terse o f nitrogen uptake, nodulation and yield. &ata 

oa nodulation are however not adequate to explain such a 

larger in it ia l nodulation due to ailture inoculation. Only 

one observation on nodule count was taken and that was at 

a relatively later stage -  80 days after sowing.
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*ith  increasing levels o f nitrogen, there was a trend 

towards increase in  stover yield . The differences, however 

were not significant.

As in the case o f grain yield , inoculation with the culture 

led to a significant decrease in stover y ield  also. The 

reasons for the lack of response o f the crop to applied nitrogan 

and the significant superiority o f uninooulated treatment have 

been discussed already*

H e ld  opaponeats

Seta on the yield components indicate that anong the 

observations recorded, v is . winter of pods per plant, seeds 

per pod, test weight and shelling percentage, only the last  

two showed significant differences be twoan levels o f nitrogen. 

Aaong these two characters the trend in variation of shelling  

percentage was inconsistent. Xn the case o f taat weight, 

on the contrary, there waa significant increase with Increasing 

levels o f nitrogen. Such an iaproveaent in  this growth 

character alone indicates that enhanced so il nitrogen supply 

was beneficial towards the later stages of crop growth. The 

other two characters v is . pod nuaber end seeds per pod are 

decided auoc earlier. According to Moraan (1963) syabiotie
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nitrogen fixation oaaaes 50 days prior to maturity. I t  is  

probable that residual applied nitrogen contributed sub

stantially  towards crop requirement at this stage when 

symbiotic nitrogen fixation stopped. At the earlie r stages 

when pod number and seed number per pod could be effected 

by nitrogen supply through fe r t i lis e r , syabiotioally fixed  

nitrogen oould, probably take care o f nitrogen requirement 

completely. Continued nitrogen supply either in  it s e lf  

or through the continued maintenance o f photo synthetically 

active leaves fo r a longer period might have contributed 

towards the higher test weight in  treatments of nitrogen 

supply. Again, data are not adequate to substantiate aueh 

a continued activity o f photosynthetic organ fo r a longer 

period. I t  muy, however, be recalled in this context that 

the improvement in only one o f the y ield  components was not 

adequate enough to aignifioantly increase fina l grain yield  

o f soybean.

harvest index was worked out taking into acoount the 

dry weight o f aerial parts only, excluding the root portion.

As may be deduced from the lade o f significant variation in  

grain and stover yield, harvest index also did not significantly  

d iffe r  between treatments.
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growth characters 

t. fluaber of branches

The variation in number o f branches with increasing 

levels o f nitrogen was significant at the seoond stage of 

observation only. Ivan at this stage, the variation was 

not stead/ and consistent. Inoculation had no effect on 

this character.

2. Plant height

There was significant increase in plant height at a ll  

the three stages. This is  in contrast to aost o f the other 

growth characters, yield coaponents and yield. A close 

study o f the data over the different stages w ill explain this 

deviation. Is  had been sectioned elsewhere, effective  

synbiotic nitrogen fixation in  soybean starts by about 22 

days after sowing. The requi resent o f nitrogen up to this 

stage would have to be set froa so il nitrogen supplies.

Applied fe r t i l is e r  nitrogen apparently suet have had a decisive 

role in deciding growth upto this stage. In the case of 

soybean a substantial part o f increase in  plant height is  

achieved in the early stages. The aean plant height 40 days 

after sowing was around 42.5 oa aa against 61.4 ca. 70 days 

after sowing and at harvest. Calculated aa percentage of
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the height at harvest, the height 40 day a after sowing was 

about 69 per oeat. I t  i s  this pattern o f plant height 

increase in early stages when ayabiotic nitrogen fixation  

could not sake any substantial contribution towards nitrogen 

supply that sight 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 fo r a 

higher nean value for the uninoculated set.

3* le a f srea index (LAlj

neither levels o f nitrogen nor inoculation had any 

significant effect on lea f area index. The average for the 

f i r s t  stage, 40 days a fter sowing was 3.3 as against 5.5 for  

the second stage. According to £vaos (1975) the optisus LAI 

fo r soybean at bloom is  between 5 and 8.

The aean values observed in this experiment are not such 

deviating fzos this optisus value reported. In  a l l  probability, 

there was practically no narked mutual shading due to 

excessive fo liage developsent in any o f the treatsents.

The reasons fo r  lack o f growth response to applied nitrogen 

and inoculation have been discussed already.
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4. w t iL L it ta n  r*W  i * * * i

Am in ths ease o f lea f area index, net assimilation 

rate also did not d iffe r  significantly between nitrogen 

levels and also due to culture inoculation. I  his lack

of significant difference indicates that there was no 

appreciable difference in the efficiency o f leaves fo r  

photosynthesis in any o f the treatments. This aay also 

support ths ooncluaion that there waa l i t t le  autual shading 

in any o f the trsataents. Inoculation also did not appear 

to effeot JKAk markedly.

5. Muahar o f nodules

levela of nitrogen did not influence the nuaber of 

nodules. Aa a discussion on yield o f grain and nitrogen 

uptake w ill reveal, there was evidently inhibition of 

syabiotlo nitrogen fixation due to application of nitrogen 

fe rt ilise rs *  duch aa inhibition oould express it s e lf  

either through a reduoed nodule nuaber or through lowering 

of effeotiveaeas o f nodules. The lack o f significant 

differences in nodule nuaber in this experiment indicate that 

the contributing factor waa aaialy ths subdued effectiveness 

o f nodule bacteria.

Inoculation, on the contrary, led to a significantly  

lower nodule nuaber. It  was e a r lie r  mentioned that
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inoculation sight have probably reaultad in a largar in it ia l 

nodulation due to culture inooulation. The observations 

recorded at a relatively late stage, 80 days after sowing, 

howerer Indicate a reverse trend. 8uoh a reversal in the 

nodulation pattern is  possible because several batches of 

nodules fora during the growth period o f soybean. When the 

native bacteria could multiply and build up the required aore 

effeotive population at a la ter stage, they were probably aore 

effective than the introduced strains in bringing about 

nodulation. According to ftao and hader (1975) several 

batches o f nodules fore on soybean during its  l i f e  cycle and 

the average l i f e  span o f a nodule i s  about 45 days.

6. Pry weight

Total dry weight o f aerial parts differed significantly  

due to levels o f nitrogen at the f ir s t  stage o f observation only. 

The trend of increase in dry weight with increasing levels of 

nitrogen, however, continued t i l l  harvest but the differences 

f e l l  abort o f statistical significance at the laat two stages.

As had been mentioned elsehwere, the reason for a significant 

treatment difference at the f i r s t  stage and lack of significant 

variation later lie s  in the tiae lag between sowing and 

symbiotic nitrogen fixation. In soybean, effective nitrogen
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fixation atarta by about 22 days aftor sowing. Applied 

nitrogen had lta  iapaot on dry nattor aoouwulation during thia 

period whoa symbiosis oould not taka affoet . At la ter atagoa 

vhon nitrogen fixation bocano effeotive, the difference* between 

levele o f nitrogen tended to narrow down.

Aaong the plant parta that contributed to total dry weight 

the variation in dry weight o f aten and petiole followed an 

exactly identical trend aa that o f total dry weight. The dry 

weight increaae o f stem and petiole with increaaing levels of 

nitrogen alao waa significant at the f i r s t  stage. The 

differences in dry weight o f leaves at the f ire t  two etagea 

and those o f pods at harvest ware not significant.

The differences in total dry weight duo to culture 

inoculation was significant at the f ir s t  stage only when 

inoculation led to a significant superiority. The reaaone 

for the in it ia l advantage due to culture inoculation have 

been discussed already. At the next stage, treataent 

differences tended to equalise and at harvest, uainooulated 

treataent recorded a higher aean total dry weight. Aaong the 

ooaponente contributing to total dry weight, dry weight of 

loavoo at the f ir s t  stago gave significantly higher aean 

figures due to culture inoculation. Differences in le a f dry



80

weight at the next stage and those of aten and petiole and pods 

at a l l  the stages were not significant.

Over the stages, there was a aore or less  steady 

increase in total dry weight upto the harvest stage. Aaong the 

coaponents, le a f  dry weight increased up to 70 days after sowing. 

Observations at harvest could not be taken as there was aore 

or less coaplete 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 doainant factor 

fo r toia loss in  dry weight. However there aight also have 

been translocation of soa« carbohydrates 1'roa these parts 

to the developing pods leading thus to a decrease in dry weight 

o f stea and petiole.

aaong the coaponents contributing to total dry weight, 

stea and petiole had a doainant role at the f ir s t  two stages, 

the percentage contributions being 60*4 and 64.3 respectively.

At harvest on the contrary, pods contributed about 70.3 per cent 

of the total dry weight.

Nitrogen content

Percentages o f  nitrogen in  plant parte excepting seeds 

and shell did not d iffe r  significantly between levels o f nitrogen. 

In the case of seeda, nitrogen content decreased with increasing
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levels of nitrogen, the deorease being oonapicuous especially 

at very high levela. la  the oaae o f ahell, on the contrary, 

the trend was reverse and nitrogen percentages increased with 

increasing levels o f nitrogen applied. Such a narked 

difference in the nitrogen accunulation pattern between seeds 

and shell ia  possible i f  the rate at which nitrogen is  

translocated fron other parts towards seeds d iffe rs  fron the 

rate at which this nutrient aoves to the shell. I t  nay however, 

be noted that the decrease in nitrogen content o f seeds assunes 

statistica l significance only at and beyond 200 kg V/ha.

The difference in nitrogen content due to culture 

inoculation was significant only in the case o f stea and 

petiole at harvest. At the earlie r two stages the differences 

were not significant. The occurrence o f a significantly lower 

nitrogen content at harvest alone night be probable because o f 

a higher rate o f translocation o f nitrogen fron stea and petiole 

in  the inoculated series. This i s  possible especially as the 

inoculated plants were less effective in nitrogen fixation and 

because there night have been a greater strain for nitrogen at 

the grain f i l l in g  stage in the plants that were less efficient 

nitrogen fixers.

Over the stages, there ms an increase in nitrogen 

content o f sten and petiole and leaves upto the 70th day. At
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harvest on the other bend* there wee e narked decrease in  

content o f nitrogen in stea and petiole. Such a tread of 

increase in nitrogen content o f tissues with growth is  not 

coaaon in  plants, excepting probably in legunes. In  soybean 

the Increase in nitrogen oonteat up to 70th day is  probably 

a oonsequeaoe of continued effectiveness o f symbiotic 

nitrogen fixation upto this period. I t  nay also be noted 

that even by an application o f fe r t i l is e r  nitrogen at 

250 kg/ha at the tine o f planting, this tread was not reversed 

in  the case o f atan and petiole. However, in the oase o f 

nitrogen content of leaves, the trend of increasing nitrogen 

content with advancing crop growth did not persist beyond 

150 kg M/ha. dt harvest, the nitrogen content o f stea and 

petiole dropped down considerably indicating thereby a fa i r  

degree of translocation o f nitrogen froa these vegetative parts 

to the developing reproductive organs. There might have been 

such a s ia ila r  tranalocation froa leaves also.

Nitrogen uptake

Total nitrogen uptake was significantly different between 

levels o f applied nitrogen at the f i r s t  stage o f observation 40 

day a a fter sawing. With increasing levels of nitrogen, this 

trend of increase in uptake continued upto 200 kg M/ha. At the
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the subsequent two it t g H  significant trentaent difference 

disappeared. The reasons for such so observation have boon 

discussed already. An exactly idsatiosl trend eas noted in 

the case o f nitrogen uptake by leaves also whioh significantly  

inoreased with increasing levels of nitrogen at tbe f i r s t  stage 

of observation but not la te r. In tbe case o f stea and petiole, 

there was no significant difference between nitrogen levels at 

any o f tbe three stages o f observation.

Culture inoculation led to a aignifioant isproveaent in  

nitrogen uptake at the f ir s t  atage o f observation. The aaae 

trend continued at the subsequent stags also without then  being 

statistica lly  significant differences. At harvest the revene  

was the trend and the treataent with culture inoculation gave a 

lower aeaa value. The reasons for enhanced nitrogen uptake 

at tbe early stages and the discontinuance o f this trend at 

la ter stages have been discussed in detail earlie r.

between the stages, there was an increase in total 

nitrogen uptake upto harvest. Tbe rates of uptake between tbe 

stages were, however, widely different. Tbe aeaa Uptake on 

tbe 40th day and was 39.3 kg /ha as against 68.9 kg on tbe 70th 

day and 217.3 kg at harvest, 110 days a fte r sowing. Calculated 

as uptake per day, the aean value for the f i r s t  40 days was
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0.90 kg/day and that between 40th day and 70th day, waa also

0.90. Vh* corresponding figure for tha period froa 70th day t i l l  

harreat was 3.71 kg/day. This neans, in othar words, that 

tha average rate of uptake was nor a than thrice hiring the 

last phase. A signifloant part o f uptake and for that reason 

syabiotic fixation should have thus continued during this 

period o f 70-110 days . According to Homan (1963) nitrogen 

fixation in soybean stops 50 days prior to maturity. The 

uptake pattern observed in this experiaent indicates that atleast

in the variety under t r ia l ,  nitrogen fixation should have

continued fo r a substantially longer period.

A s ia ila r  trend of increasing nitrogen uptake waa noted

in the case o f leaves and also stea and petiole upto the

second stage, 70 days after sowing. However the increase 

over the stages was sore or less steady and in teran o f 

quantity aaagre aa ooapared to total uptake. The mean uptake 

by leaves on the 40th day waa 26.9 kg/ha and that on the 70th 

day, 39.0 kg/ha, the percentage increase being 45. The 

corresponding figures fo r uptake by atom and ptiole were

12.9 kg, 29.0 kg and 130 per cent respectively. In terns 

of quantity, thus uptake by leaves waa aore than petiole but 

the rate of increase in uptake by petiole waa acre conspicuous.
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At harvest, uptake by stea and petiole dropped substantially, 

the overall aeaa percentage drop la  uptake being 52. The aean 

quantity of decrease in nitrogen uptake i s  13.4 kg. This 

loss in uptake between 70th day and harvest sight have beea 

partia lly  because of loss o f sons part of petiole at the time 

of harvest and partly because o f translocation of nitrogen 

fron theee vegetative parts to the developing seeds.

A ooapariaon o f the relative contribution by the 

different parts towards total uptake w ill reveal that at the 

f i r s t  ataga, 40 days after sowing, lanvas contributed aore 

towards uptake, it s  peroentage being 67. The remaining 33 

per oant was by stea and petiole. With advancing growth, 

the relative contribution by stea and petiole increased to 

43 per cent and that by leaves decreased to 57 per cent on 

the 70th day after sowing. At harvest stags, the aajor 

contributing ooaponent was aaeda, the percentage share by 

this part being 75* shell and stea sad pstio ls contributing 

to 18 and 7 par osat respectively. The discussion on per

centage contribution by plant parts towards total uptake aay 

be auaa&rised as follows) In  tbe early stages, aost o f the 

nitrogen in the plant ia  oonoentrated in  the leaves. With 

advancing growth, aore of nitrogen aeeuaulated in steas and
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petiole. At harvest, the major part of nitrogen occur* 

in seeds followed by a relatively ssa ll quantity in  shells. 

Negligibly saall quantities oeaur in the remaining plant parts 

at harvest. I t  say also be worthwhile emphasising that about 

75 pr cent of the nitrogen accumulated by the soybean plant, 

be i t  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 fe r t i l is e r  equivalent of rhiiobial 

inoculation. The results lndioate a non-signifleant 

variation in total nitrogen uptake due to culture inoculation.

The fe r t i l is e r  equivalent o f culture inoculation or the quantity 

of applied nitrogen that i s  equivalent in effect to culture 

inoculation in this experiment therefore works out to sero.

I t  soy also be worthwhile exploring the possibility  of 

arriving at on approximate value o f the quantity o f nitrogen 

symbiotloally fixed by soybean or the fe r t i l is e r  equivalent 

of i t  froa the uptake data. The lock o f significant increase 

in nitrogen uptake oonsequent to application of graded doses 

of nitrogen upto 250 kg/ha indicates that even these heavy 

rates of applied nitrogen ore not equivalent in effectiveness 

to the quantity o f nitrogen symbiotloally fixed. I t  may thus



be ooncluded that under the oonditione o f experimentation, 

the quantity o f nitrogen fixed by the soybean plant 

exceeds the fe r t i l is e r  equivalent of 250 kg */ha applied 

baaally.



SUMMARY
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An experiment van conducted at the Research Station 

and Instructional Pan , Mannuthy on the nitrogen nutrition 

and rhisobial inoculation on soybean.

The growth charaotere, yield attributes and yield  as 

influenced by various treatnents were statistica lly  analysed. 

The percentages o f plant nitrogen on different plant parts 

was also analysed. The results o f the investigation are 

suaaarlsed below*

1. Different levels o f nitrogen did not

influence grain yield. This shows that nitrogen 

fixed syabiotioally was adequate fo r crop growth.

The lack of significant response even upto highest 

level of 230 kg I/ha indicated that with increas

ing levels of applied nitrogen, there was a 

depression in syabiotio nitrogen fixation. The 

sffeot of fe r t i l is e r  nitrogen on growth charseter

as tics and yield components supported the above 

conclusions. A rt ific ia l inoculation with 

rhisobial culture, resulted in a significant 

depression in yield . This indicates that the 

introduced strain o f Ihjaahlun japnniaia was probably



Isas effective in  nitrogen fixation on soybean 

than the strains already present in the so il.

With increasing levels of nitrogen* there 

was a trend towards increase in stover yield.

The differences* however, were not significant.

As in the oase o f grain yield , inoculation with 

the culture led to a significant decrease in  

stover yield also.

Aaong the observations recorded on the yield  

components, test weight andshelling percentage 

only showed significant difference between 

levels o f nitrogen. Ths trend in shelling per

centage was inconsistent. But there was signi

ficant increase with increasing levels of nitrogen 

in the oase o f test weight. This indicate that 

enhanced so il nitrogen supply was beneficial 

towards the later stages o f crop growth. The other 

two characters v is, pod nuaber and seeds per pod 

showed no response to applied nitrogen. Harvest 

inded also did not d if fe r  significantly between 

treataents.

The variation in the nuaber o f branches with 

increasing levels o f nitrogen was significant at



the seoond stag* of observation only. The 

variation was not oonaiataat. Inoculation bad 

no affoot.

Plant height increased with increasing 

levels of nitrogen. fbe plant height inoreaae 

in the early stagea when symbiotic nitrogen 

fixation could not sake any substantial contri

bution towards nitrogen supply night have resulted 

in  a significant effeet o f nitrogen on this 

character.

beither nitrogen nor inoculation influenced 

the lea f area index. The aean values in this 

experlaent are not auch deviating froa the optiaua 

values reported.

Met assiailation rate also did not d iffe r  

significantly between nitrogen levels and also 

due to culture inoculation. This indicated that 

there was no appreciable difference in the 

effioieney o f leaves fo r  photosynthesis in any of 

the treataents.

bevels o f nitrogen did not influence the nuaber 

of nodules. The lade o f significant differences 

in nodule nuaber in this experlaent indicated that
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the contributing factor was aainly tbe subdued 

effectiveness of nodule bacteria. Inoculation 

reduced tbe nodule nuaber.

9. 1’otal dry weight of aerial parts differed

significantly due to tbe levels o f nitrogen at 

tbe f i r s t  stage only, 40 days after sowing, fbe 

reason for tbis and significant variation only 

in tbe early stages lie s  in tbe tine lag  between 

sowing and symbiotic nitrogen fixation. Tbe 

dry weight of stea and petiole followed tbe saae 

trend. Inoculation influenced tbe total dry 

weight at tbe f ir s t  stage only. At harvest, 

uninoculated treataent recorded a higher value.

Over tbe stages, there was a aore or less steady 

increase in total dry weight upto tbe harvest 

stage. Dry weight o f stea and petiole increased 

upto 70th day and then decreased.

10. Percentage i f  nitrogen in plant parts excepting

seeds and shell did not d iffe r  significantly  

between levels o f nitrogen. In tbe case o f seeds 

nitrogen content decreased with increasing levels 

o f nitrogen. In tbe case o f she ll, tbe trend was 

reverse. Shis aay be due to tbe difference between
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the rates at which nitrogen is  translocated froa 

other parts towards seeds and shell. The 

difference in nitrogen oontent dne to culture 

inoculation was significant only in the ease o f 

stea and petiole at harvest. Ovar the stages 

there was aa inorease in nitrogen oontent o f stea 

and petiole and leaves upto 70th day.

11. The total nitrogen uptake was significantly

different between levels o f applied nitrogen at 

the f ir s t  stage o f observation. 40 days after  

sowing. At the subsequent two stages significant 

treataent differences disappeared. S ia ilar trend 

was noticed in  the nitrogen uptake by leaves also. 

In the oeee o f stea and petiole there wae no signi

ficant response to levels o f nitrogen. Culture 

inoculation led to a significant iaproveaent in 

nitrogen uptake at the f i r s t  stage o f observation. 

At harvest, the reverse was the trend. Between 

the stages, there was an inorease in total 

nitrogen uptake up to harvest. S ia ila r  tread wae 

noticed upto second stage in  nitrogen uptake by 

stea end petiole end leaves but la ter declined.



Tbe quantity of nitrogen fixed by the 

soybean plant appears to exceed the fe r t ilis e r  

equivalent o f 290 kg fi/ha applied basally.
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4FPEMSU 1

*aather data (vaakly avaragaa) froa 1at lay to 30th Saptaater, 1977

Sata Waaka
*•■2.

Maxi-
aaa

•o

Mini-
aaa

Ralatlva
buaidity

Total
rain
f a l l
(aa )

Mo. o f
rainy
daya

Sun aldlaa 
(hoara)

1 2 3 4 5 6 7 8

% 1 - *ay 8 1 29.7 23.9 62 106.6 4 4.3

7 - «*jr 13 2 31.4 24.3 70 51.8 5 2.4

% H  - 20 3 31.3 24.4 72 78.2 5 2.5
May 21 - % 27 4 31.3 24.3 69 39.0 5 3.7

28 - Jaaa 3 5 31.1 24.0 72 52.6 5 2.6

J « u 4 - Jaaa 10 8 30.5 23.7 77 92.8 6 1.6

Jaaa 11 - Jaaa 17 7 27.7 23.0 79 140.8 7 0.3
Jaaa 18 - Jaaa 24 8 28.2 23.0 85 198.3 7 1.7

Jaaa 25 - July 1 9 29.5 23.9 80 150.5 7 1.3
July 2 - July 8 10 28.1 22.8 85 227.7 7 3.1
July 9 - July 15 11 29.7 23.4 77 69.6 6 0.7



1 2 3 4 5 6 7 8

July 16 July 22 12 27.7 22.8 86 207.7 7 0.5

July 23 - July 29 13 27.8 23.0 83 173.8 7 2.1

July 30 - August 3 14 29.9 23.9 79 52.5 5 2.2

August 6 - August 12 15 30.1 23.6 73 40.5 5 2.6

August 13 - August 19 16 30.3 24.2 73 7.3 2 1.2

August 20 - August 26 17 29.6 23.7 75 69.6 7 1.1

August 27 - Ssptsubsr 2 18 29.4 22.9 79 93.9 5 2.4

Ssptsafesr 3 - Sspteabsr 9 19 29.9 23.1 75 107.5 7 4.2

Ssptenbsr 10 - Ssfttsabsr 16 20 30.3 23.7 68 22.1 5 5.2

Ssptsaksr 17 - Ssptsabsr 23 21 3 1.2 24.0 65 2.1 1 14.9

Ssptsubsr 24 Juptsubsr 30 22 31.6 24.0 65 1.0 1



nmaau n

Analysis o f farinaee fo r  yield , nuaber o f pods and sood
par pod.

I 1M """3 ' rii 0 a * * T
i | lio ld  (K^ha)"| """"'Huaber "o f'''* M  j-------------j— a — i-|---------------- j--------
* 1 > 1 pods 1 sood
| | Grain j 3 to m  | per j per
| |_________ |_________ I P l«* t  | pod

Slock 3 2.84 1.68 418.14 0.02

Treataent 11 0.91 1.75 60.54 0.01

Vitrogea ( I ) 5 0.25 1.42 59.78 0.01

Inoculation (X) 1 8.15 8.76 60.75 0.00

I  x X 5 0.13 0.68 61.25 0.01

Srror 33 1.19 0.62 84.11 0.40

* •  Significant at 5 per oont level.

*# -  Significant at 1 per east level.



APPSHAU I I I

Analysis of varianoe for 100 aaod weight, shelling percentage,
horrent index and moisture percentage.

| j m & a it a g V  a & »  a

Source i AF i 100 need shelling^' Harveatj "''blatant| [weight J par- J index j per-
| | j acntago | | oentagc

Aleak 3 2.37 33.80 3.01 5.30

Treatment 11 1.45 48.06 35.63 1.38

Sltsogott (1 ) 5
•*#

1.89 57.22 42.86 0.85

Inoculation ( I ) 1
*•*

3.95 94.64 0.33 4.75

1 x  I 5 0.51 29.59 35.43 1.22

£rror 33 0.26 18.70 32.49 1.57

* -  Significant at 5 par oant level.

** -  Significant at 1 par oant level.



Analyst8 of variance fo r hight and nuaber o f branch**

AFl>£Jii)IX I?

•*ourc#

* * M £ A if (U Q U A H
| j --------------------------------------------- ------------------
S DF l^wsbor o f branches*
i i------------— --------------  j.
| 140th day* 70th day* 40th day*

Height ( oa)

70th dayjgarrast

•sleek 3 2.57 2.30 304.78 55.97 33.07

Treatsant 11 0.59 2.05 173.95 460.81 318.47
# «• *# ••

Hitxogaa (1 ) 5 0.85 3.06 359.09 786.63 644.86

Inooalatioa ( I ) 1 0.09 2.04 68.16 358.61 212.52

I  z I 5 0.45 1.03 29.98 155.43 13.28

Arror 33 0.39 1.15 37.92 133.31 74.60

* -  dignlfioant at 5 par cant level.

** -  M gaif ioant at 1 par cant level.



AFPSSJiXX ▼

Analyaia o f variaaee fo r nodule nuaber, lo a f, aroa index 
aad net aasiailatioa rate.

I | ‘ a  a ' * ' s  ' q" p  a a  i  a

*>uroe }  «F  iModale j * » * • » - ! aaai-i ,»pihu« I I' f allatiaa
j * mm bo r 440th dayj 70th day|

aiook 3 44.55 1.92 17.09 1.26

Troataoat 11 444.72 2.69 4.75 0.44

litrogea (8 ) 5 257.20 2.99 3.15 0.99

Inoculation ( I ) 1 1541.33 4.06 17.91 2.39

I I I 5 412.93 2.12 3.72 0.39

Error 33 365.43 1.40 5.54 0.72

* -  Significant at 5 per cent leral

«*  .  sdgaifloaat at 1 per oent lore!



A ttm m x. n

Analysis of variano# for dry weight of leaves and stea and petiole.

Block 3 33.10 22.99 54.20 161.72 121.16

Treataent 11 37.12 19.09 78.83
«•

84.82 115.58
**

Bitxogan ( I ) 5 31.99 18.92 113.53 150.33 221.90

Inoculation (X) 1 127.49 58.24 37.98 0.24 34.40

i l l 5 24.11 11.26 42.31 36.22 25.50

Error 33 14.81 17.55 29.01 79.87 42.46

* -  Jigoificant at 5 per oent level.

** -  ai^nlfioant at 1 per oent level.



AfP&iDIX VII

Analysis of variance for d ry  weight o f pods and total dry weight

Source

T
i
I
i
i

* A i  A U a vt o iL K ti a

3P | ary weight of
| poda
I ________________

| Total —
|40th day*

dry weight

70“  * * »

dlook 3 588.28 170.90 145.56 1308.50

Treatment 11 637.73 219.56 88.33 768.74

Nitrogen ( I ) 5 304.39 252.86 116.60 1205.70

Inoculation ( I ) 1 271.78 497.90 0.2 613.50

N i l 5 1044.27 130.60 1.80 362.84

Srror 33 128.432 81.66 215.2 557.758

* -  Significant at 5 per cent level.

** -  Significant at 1 per cent level*



AfxmmuL viii

Analysis of variance for X content (^ ) o f leaves, stea and petiole,
soods aad shell

f  M B A A A <4 0 A & 1 3

•Source

■ i ----------- ------------
| |Nitrogen oont- 
| |ent o f leaves
I s r  i

| Nitrogen eont- j 
j  eat o f stea J
* and petiole {
..I.......- ........... ...I

nitrogen 
oontent o f

1

|40th

p r

j 70tfc

I  * »

ft40th& 
»day 1
1 ft

70thj iiarwj
day ■ vest; 

* ft

seedsj

i

shell

Jtlook 3 0.97 0.73 0.01 0.23 0.42 0.47 0.46

Treataent 11 0.80 0.91 0.11 0.33 0.40 3.56 1.45

Nitrogen (X) 5 1.23 0.32 0.17 0.10 0.28
•

6.86 2.39

Inoculation ( I ) 1 0.15 0.19 0.02 0.01 0.72 0.18 2.58

5 0.51 1.63 0.08 0.63 0.45 0.94 0.24

firror 33 0.93 0.69 0.12 0.15 0.13 0.75 0.94

* -  >iltinifloant at 5 per oent level.

** -  Jignifioant at 1 par cent level.



efPJEMBIX IX

Xaalyaia o f variance fo r  nitrogen uptake (Kg/ha) by leaves and 
aten and petiole

T "  i ns  a  a

•Jouree

{ Nitrogen uptake^ Nitrogen uptake by eten
& | by leaves. * and petiole.J  at J - - - - - - - - - - - ft- - - - - - - - - - - - - - - - - -
| i 40th \ 70th i
I | day j day J

40th i 70th | harvest 
day J dny j

1— — i  — .1 __________— «

Block 3 290.43 524.70 44.10 231.08 107.20

Ireatnent 11 668.50 496.96 78.35 309.58 159.02

Nitrogen (V) 5 729.60 463.90 94.06 190.53 142.18

Inoculation ( I / 1 1259.7 574.20 131.85 6.50 56.50

1 x I 5 489.12 514.58 41.93 539.24 196.36

Srror 33 220.90 365.80 41.02 211.22 79.18

* -  Jiguifioaut at 5 per cent level

** -  Significant at 1 per eent level



Astmsix x

Analysis o f variance fo r  nitregen uptake (Kg/ha) by seed, shell
sod total uptake

Source

A Q U A R E Si ftx s * a
i  a nitrogen uptake byft Total nitrogen uptakej at J-------   ft.
l 
ft

4 seeds ft shell

J I___
ft 40 th day* 70th dayftHarvest
ft ft ft
ft ft ft

Alook 3 15694.56 1344.56 552.08 1122.71 28229.98

Treataent 11 2080.08 493.20 1157.04 1292.34 4307.09

nitrogen ( i ) 5 2203.25 934.55
♦

1270.03 1107.07 5207.16

Inoculation (X) 1 5154.88 180.92 2161.998 458.53 4363.71

M x I 5 1341.95 114.31 893.061 1644.37 3393.71

Srzor 33 4506.71 510.72 387.508 604.45 7763.69

* -  Significant nt 5 per oent level*

** -  Significant et 1 per oent level*
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a b s t r a c t

An experiment wasconducted nt the Research station  

aad Instructional Fan , Maaanthy teriflf 1976 on the 

nitrogen nutrition and rhisobial inoculation on aoybeaa 

(Olycene aax (h . ) M errill).

The Investigation wan undertaken to assess the 

nitrogen reqplreoeat o f the orop under inoculated end 

uninoculated conditions. Aloe the study van mined to 

arrive nt the fe r t i l is e r  equivalent o f zhiaotinl inoculation.

The experiment «aa la id  out ia  faetorla l ia  randauiaed 

hlook with 12 treatuents aad 4 repHoationa.

The study revealed that nitrogen fixed syabiotioally. 

ana adequate fo r the orop. Appllcation o f nitrogen 

depressed aynbiotic aitrogaa flxntioa aad *ith  increasing 

levels o f nitrogen, there nan depression in syabiotio 

nitrogen fixation. The study also revealed that introduced 

strain o f Rhisobiua Japoaloaa was laea effective in nitrogen 

flxntioa on aoybeaa than the strains already present in  

the so il.

Application o f nitrogen did net influence the stover 

yield . Inooulatlon of an inaffeetive strain tended to



depress tha stover yiald .

Applioation o f nitrogen increased the plant height 

in  tha early atages whan symbiotic nitrogen fixation  

ooold not sake any substantial contribution towards 

altxogan supply.

Significant inorease is  teat weight with increasing 

levels o f nitrogen indioated that enhanced so il nitrogen 

supply waa beneficial towards the la te r stages of crop 

growth.

The quantity o f nitrogen fixed by the aoybean plant 

appears to sxcoed tha fe r t i lis e r  equivalent o f 250 kg I/ha 

applied basally.



A general view of the experimental p lot. 

90 days a fter sowing.

Mo nitrogen, inoculated 

vs

100 kg nitrogen, uninoculated.





I I I .

I?.

■o nitrogen, inoculated

TS

150 kg nitrogen per hectare, uninoculated.

Mo nitrogen, uninoculated
TO

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

90 da/s after sowing*

V III* 50 kg nitrogen per hectare, inoculated
vs

150 kg nitrogen per hectare, uninoculated.





100 kg nitrogen per hectare, uninooulated 
▼e

200 kg nitrogen per hectare, uninooulated.

200 kg nitrogen per heotare, uninooulated 
▼a

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.




