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C h a irm e n  

Advisory Cocsaittee 
Associate Profesnos* of Pltfit Pathalo r̂



APPROVED BY 5

KemToerss

1. 33?. M * CH ABBR A SSKHARM NAIR

S r i .  P0R. RAMA.SUBRAMANIAM



T

She author wishes to place on record her deep sense of
gratitude and indebtedness to:

Br* JszDes Mathew* As do date Professor of Plant Pathology 
fee Mb proper guidance , critics! suggestions and constant 
encouragement during the preparation of the thesis*

Dx** Sasi Kuiaar llair, Associate Profesna* of Microbiology* 
for suggesting the problem and valuable advice rendered and 
for constant help during the ©ours© of thie investigation*

Dr. ms Cbandrasekharan Ilodr* Professor of Plant Pathology, 
Pr. S. BaLakrishnan * Associate Professor of Plant Pathology 
and cmt. Alice Abraham* Associate Profess cr of Agricultural 
Chemistry* Members of Advisory Committee for their constructive 
criticism and scrutiny of the manuscript*

Dr. K.O. George* Professor of Agricultural Statistics* 
College of Agriculture, Vellaycni* for his help in analysing 
the data during the investigation*

Sri. P* BaLakrishna PllXai* Associate Professor* nice 
Hess arch station* Kayamkulera.far providing the area for Urn 
field experiment* Sri.- H.G. Vasavan* Assistant Professor*
Hice Research station* Koyeolculaa for tSie sincere help rendered 
during the course of study* sat* P* sreedovi* Assistant 
Professor* Rice Research station* Pattambi* for supplying the 
seed materials for the study*

Ily thanks are also duo to the Staff and P.G. students 
of the Departont of Plant Pathology for their help and 
co-operation.



vi

OOSt f f i EHSS

m s z m v m z m  ■ ■

IimSW OP &X2ER/OTIB 

HASCEilXA&3 A3B 8BS530DS 

!&32b33

DISCXJSSlOt?

S ’JKMATtf

B S R 3U & CSS

APPHKDXGB9

■*.*»' *■**

« » *  » • *

Pages

i> »  •» # ' 3 .

* * • >•» 32

43

• • • • • •  \  5 1

t«« • ** A *• 2E

*♦



* I!a b le » * . 

2 s$S.g«*2 * 

2 e S ? le *5 i  

2 a b l e - 4 » 

2 a b le “ 5 # 

2 a o 2e - 6 » 

» o * 7 ,  

2 a t ? le * 8 .  

2 atl©»»9 .
i

SqULo*10.

* u

XiZSS 01? EAEL23S

Module number -  B^fect of Rhlgcfcioia inoculation 
end interaction with coypoa varieties.
nodule dry weight -  Effect of Hi&gotium Inoculation 
and interaction with coupea varieties*
Plant height -  Effect of RMgdbium inoculation 
and interaction with cowpcs varieties*
Plant dry weight • Effect of Rhieobian Inoculation 
and interaction with cowpea verloties*
Percentage nitrogen content -  Effect of Rhiaobima 
inoculation and interaction with coupea varieties.
Plant height -  Effect of nhlsobiaa inoculation and 
interaction with oowpoa var!otIeo7
Plant dry woifiht * Effect of Rhisofciusa inoculation 
astd interaction with ocwpea varletlesT
Xiold per p lot -  E ffect o f Rhigobium inoculation 
and interaction with covpoa variotiee*
Percentage nitrogen content «■ Effect of Rhlsoblua 
Inoculation and interaction with oospea varieties*
Caparison o f increase in co il nitrogen content by 
inoculated and non»inoeulatad co^ea plants.



viii

P ig .1 .

m g * 2 * 

r i g - 3 .  

m g. 4. 

m g . 5 .  

mg*6. 

m g . 7 .  

P ig .G *  

m g.9. 

m g .io *

J,XS2 01? PIGURES

V a rie ta l response t o  BhisoM ua in o cu la t io n  in  
d i f fe r e n t  v a r ie t ie s  o f  c'oupeaunder f i e l d  
co n d it io n s*
Modulo mnToar -  E f fe c t  o f  Rhlsotelus in o cu la tio n  
and in te ra c t io n  w ith  ccwpea v e r ie t ie B .

weight o f  nodules E f fe c t  o f  Rhlgobiua 
in o cu la t io n  and in te ra c t io n  w ith  oowpea v a r ie t ie s .

P la n t height • E f fe c t  o f  R liisoblua inoculatlcss 
and in te ra c t io n  w ith  cowpea v a r ie t ie s .

P la n t dry waight r  E f fe c t  o f  Rhigohiuci in o cu la t io n  
arid in  ta r  a ction  w ith  oewpea v ^ i e t i e s *

Percentage n itrogen  content -  E f fe c t  o f  RtasoM jM  
in o c u la t io n  and in te ra c t io n  w ith  Gcwpea v a r ie t ie s *

P la n t h eigh t -  E f fe c t  o f  RhigohLmn in o cu la tio n  
and in te ra c t io n  w ith  cowpea v a r ie t ie s *

p le n t  dry weight -  E f fe c t  o f  RhiaoMtSB in o cu la tio n  
Gild in te ra c t io n  w ith  Q©wpea v a r ie t i e s .

Y ie ld  p er  p l o t  • E f fe c t  o f  RhigohiuB in o cu la tio n  
and in te ra c t io n  w ith  cowpoa v a r io t is s  •

Percentage n itrogen  con ten t *• E f fe c t  o f  Rhigohlua 
in o cu la t io n  aad in ter& otion  w ith cowpea v a r ie t ie s *



JitBT OF APPHtSlGES

Appenclls-I •

Appendiss-XX*

AppcnOls-IIX 

Append! ss-XV*

AHOVA table fcs? the e ffe c t  of rhisobial 
inoculation In cowpea on novulation ana 
oiiier plant characters at the flowering 
t i c s *

AH OVA table fee the e ffe c t  o f rhisohial 
inoculation in cowpea os nodulation and 
other plant characters at harvesting tine*

Increase in  co il nitrogen by inoculated 
covpsa plenta*
Increase in c o il nitrogen by n on-inoculated 
cowpea plants*



INTRODUCTION



More often than not* nitrogen is  s o il boeojaea a lim iting 
factor fo r  crop production. green plants ore inoepGtl© 
c£ u tilis in g  the freely  available nitrogen in the atmosphere* 
©vonthough the atsospher© la  rich  enough in  iaoleculsr nitrogen* 
VBm nitrogen requirement o f  or^> plants io  met by tho addition 
o f fe r t ilis e r  nitrogen* Bat the dependence o f for  t i l l  cor 
nitrogen production on fo s s il fuel resources and the diminished 
availability o f 1Mo costly  input fo r  fe r t ilis e r  production 
in  the future has ohviouoly brought tho subject o f b id og leo l 
nitrogen fixation  in tbs fcro front*

Biological nitrogen fixation  is  a unique process* 
tiharaotoriatlo to certain atcrccrgoniBas and plant-aicrobG 
interactions capable of. harnessing atmospheric nitrogen for 
the growth o f plants* B iological nitrogen fixation  is  brought 
about by nieroorganims in association v/ith higher plants* 
particularly in  root nodules* she host nodule forming plants 
are legumeo* such as boons* clovers* gpm® and peas. Legumes 
have been used in building and con solving s o il fe r t ility  
since the beginning of agriculture;* She legumes ere largely 
cultivated in  tropical farming system os pulses* palatable 
leafy  vegetable and fodder crops*

As a rule* lo(?sB0Q see energy rich  crops* gcown more often 
than not under energy starved conditions* However* the yiold
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of the grain Xegumas* including cowpea which is  of mch 
lE^cctarjce in tripled farming system* is lower and more 
Inooiioistsnt when compared to eercaXo. ffihe average yield of 
grain legume in Kerala io m low os 400 kg per hectare*

Cowpes (Vlgna nmailcutlata) is  a widoly cultivated ptilse 
orcp in Kerala* both £cr uqo m a vagetalaX© as well m  a food 
grain* It is  also g?own in rotational sequence with paddy in 
aumaerfdlews. Moat often* i t  is fe lt that the naodizss 
benefit© of growing a logins crop is  not obtained under these 
conditions* probably t e  to the lower rates of ni togas 
contributed by them.' 5Ms acn ho enhanced by properly 
exploiting the oynlsiotio niiaoclation batmen th© cosrocit 
strain of puls©© and Bh&gcfclsau suati a situation can 
lead to greater nitrogen fixation as wsll m higher yield of 
pales© and oan bo achieved through t o  low coot technology of 
inooulatisg the logaaa crop v&th. the ©pcclflQ otrain of 
Uliigehliun* '

JOeeping is view of theao fgata* the present study was 
undertaken with the following main ©bdoctivea a

1* Varietal oersosing for n adulation efficiency using &, 
known efficient d train of SMeohlufls midcr fie ld  
condition (10 different varleti©© of o'Q«$ea u&tia aesd 
for this purpose) *
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2* Botiasatloa of symbiotic efficiency is  relation to
hoot varietal apooiflolty for noSuXatipn* Efficiency 
were estimated in terns o f eci3?a?«tiVG increase In 
.number of nodule* nodule maason* plant dry weight* 
yield and total plant Citroen.

3* Estimation of native nitrogen content of soil*
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umxm o f LXssHAsms

Biologico! nitrogen fixation io  p.grlowltur ally the moot 
Important end signifiesnt process by which t o  fo rtu ity  
etatu© of t o  soil is  $h» re n M ad Dutch
Microbiologist* Beijerinck (18S8) woe the firs t to recognise 
t o  bacterium causing the formation of root noduleo in 
logUESS and doiscsiQtratad that tha purified "bacteria £orts&jfl 
nocluXos Is ploats grown tsm  sterilised seeds* Inoculation 

1agaas aaads with the appreciate cultures of nhlsQfriug 
Wits originally introduced as a laaane of ensuring the 
estabUshaent of seedlings in nitrogen deficient ooila which 
looked adcquat# population of nodulating baetoia CJteed gt 
19$H)* She ability of the BMacMtim to establish a symbiotic 
relationship with legume hosts is  dependent on two Important 
characteristics of the micro symbiont v is. * in activ ity  
and effectiveness (sobwingbamsr* 1964)* Xt has boon conceded 
rihat each of t o  porters* rrtiisohlura and logarts is  us able 
by itse lf to f is  substantia, csaountc of nitrogen and t o  
affective nitro^n fixation is  the phenotypic espreaDlon of 
t o  ansoGiatsd genomes (Bergea?eea* 1971)*

Eltroften ocgitplbutien by oownon

Kartell and Festoon (1911) o toying t o  nitrogen fixing 
phenomenon by legaces* found gains of nearly one tonne of coil
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ttLtPogps pm* acre in pot q ilte o  ejgterJEenia -with oowpea and 
soybean# Shey ains© rooc57da& an annual average, geUa of 120 lb' V
o f ail3?o$?n pei? acre tjos credited by hairy vetolu

. Hcpldna m  quieted by tfsfcsaon (1952) abated that ,three 
tosssegj of tiovposs liay provided 36 lb o£ nitrogen per acre# 
fboj f̂son (1^2) reported that the as&aat of nltagos fiscad and, 
that added by & logaps t© 1&© stall depeMed upon it® kqq9 

phoisaynthetio rate, and proeoaca of ©OEblBed nitrogen in the 
soil* HindhEindani m d  Khgm (1953) pointed m t  that tiaa daount 
of -aitrogsn fisod by a loginne depended ito ago, condition
of grotirtih* t^pc Pf lagas© and the stage at v/iiich i t  is pleaded 
into* • Ehey £ a M  that the quantity «£’ nitrogen added to th© 
aoia, . by a Io^uj© depend imivHy on vdiette tbs iGguoo vjact 
inQcajpcvntad in t5ie soil op'spt* Son and Ho© (1S55) invest!- 
gating the fixation of adLfeogsn ante fs»>cai?able conditions' 
by coupes and sported the quantity f i^ d  ayabiotloelly to be 
251 lb par onixim per acre# /J&xas.&sn (1961) rap or tod that 
nitrogm fixation by o r̂pea varied ijotmoa 64 and 151 kg  

nitrogen pm* hectare per year and by soybean between 64 and 
106 kg nitrogen pesr hootas© per year* nutman (1976) enlisted 
tho ajSG&ats of nltrogsn f&ssd by different le g m e n *  Ho hod' 
pointed out that c©&p$& fiasd an average of 198 Isg nitrogen 
per hectare# ’ .
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m s m m j^ s ss^& ss, ^ jm js e m s U Z L s a tm

Crofta and Jenkins (1954) reported that tnoesilation of 
Q&fivm with e strain of PMsqMuw resulted in good nodolatioa 
and g ro w th *

Gargantinl mid Pimentel v/utko (1960) inooulatocl PJ^dbioa 
in evcrd "ecaa (e&sgysais anQifoggAs) and cowpaa (gigm 
aineneiB) and reported that hoth plants fixsd nitrogen well* 
ovjord bean fixing 49*5 kg- nitrogen per haotsre ixs tho hoot 
teateent and coupes 13 kg per hectare* EaedlKaa (1964) 
reported that In q sp lit plot design e^eritnont in greas house* 
inoculation with isolates of osypea SMj^Mua increased the 
nitrogen content of eowpea plants* Bat symbiotic nitrogen 
fixation alone did not provide the plant with tfeair optimal!
IT re(pis?sEBiit* ■ .

Hair et at „ (1970 a) studied the effect of seed inoculation 
with BMgobiurn on yield spd nitrogen content o f Xe&imiscsis green 
manure oraps and reported a fixation of 8 to 14 kg nitrogen 
per hectare and an Increase in the dry natter production*

Saha and Bhhara (1972) observed that inoculation inoroacGd 
the number of noduloa end nitrogen content of shoot and root 
in eowpoa* groundnut and ®?eon gram*



Suite Rao (1972) reported ah iiicn.*eased yield of 25 per 
cent ever ite uninoeulatsd control in cowpea by the nhlrtelun
inoffi&atloa* '

SuMsarfield gt a j»<1975) reported that seed inoculation 
o f oourpoa with fthisohiuta increased th© number of pods per plants 
frets 63-92 and average gaod weight and seed yield per plant from 
56 to 100 g.

Shnrisa and Ghcnsikaj? (1976) reported that application of 
oiOEorsutrlenta or udditioia of inorganic nitrogen did not el ter 
symbiotic efficiency of Ri&gQblwa spp* of oowpoa* sunmerfield 
a t nl*(1977) reported that effectively nodulated cowpca plcnta 
grown in pota without applied nitrogen were vegptativcay equal 
to non-ncdalatsed plants supplied with 60 ppis H thnou^out their 
growth period (03 days) and produced significantly greater Deed 
yield* .

Ka&ogho (1978) in a fie ld  oa&arlBent conducted on a highly 
weathered and leached sandy soil in Srinidad shewed that cewpea 
(Vi ana miguloulata) produced higher yield when inoculated with 
ccssmercial RhisoMwa strain* UnlnocuXatea soybean produced 
bettes with indigenous strain present in tho eoil than with 
casHoorcial strain*. ■
Host varietal specificity o f HMaobjUnn for nodules tlon in oovjpea

l/oLksr and Brown (1935) suggested that the root nodule 
bacteria o f soybean and cowpea could bo combined is  one qpoelea
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gaEoraily designated as nhiapMum toonlcmn (Ktedmer).* s*t» 
□sals fa? this suggestion was the finding that certain strains 
of soybean KhigcMuia could produce nodules on ootgpoa roots 
(Ue&ter and Brows, 1835) asd viQa«versa.

Bolsa (1969) found that atxvpea nodulated well with 
rhis&ia isolated from groundnut (^moMg hypomee) * hostea 
groundnut (Voendsela gjfctaEEfitifla) l&sabean (Bliagc.olag iHM&S) 
and soybean (filvcinq near) • Bat cosfcea Rhlsobluat nodulated only 
Its host and liffiabean and vics-vorsaa Bart and vlildea (1970) 
la  pot experiment with oowpea and purple vetch iuoaulated idih 
different RMgobiua atrades* I t  was found that nitrogen fixation 
by Gcwrpoa was markedly stimulated by combined nitrogen*
Vincent (1974) ̂ p la in e d  that covrpsa rdocelloay b&s m  definite 
goEorelioGtlGBs and a wide rango of hoots h&a been grouped 
together test want o f better definition as to tbeiff dlstlactiosG 
and relationships*

Stanford and Heotdfis (1976) inoonX&tcd throe-otffQlxuis o f 
rM sabia on to fear cowpea euXiivara and reporter! that three 
o f tbe cultivaro were mere pfforaisetious In, relation to the 
inoculated gfe?alna* 2h©y aleo found that nitrogen fixation  wan 
higher with strain Isolated from t&s oa^e species than with. ■ o .
other t»o strains isolated from Centrcsmâ  puTassoeast.

Borsep! (1977) evaluated tfcs offectivenssa e£ fee BhlaoMma 
strains on ccwpea cw Arcuca iis terms of thair effect on stem
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length, lea f area* shoot dry matter, water co^umptlosi end 
nitrogen c cm toys t of roots and shoots* Shore *jqs significant 
difference between the two stealnc and on the baala of the abcvs 
parameters, <mo strain was sole oted* She result el so indicated 
that the ifla3<n? proportion of atmospheric nitrogen fised was in 
roots by th© strain*

Pe&jor £j..j£'(1977) found that inoculation of cowpea with 
RMgohlma incrsaesd seed yield frera 0*52 t  per hectare to 0.82 t 
per hectare depending upon the variety* 2here wao no significant 
difference in the yield of oowpoa inoculated with different 
strains of Rhizobiaa.

HsjU (1ST?) conducted a study on the effect o f inoculation 
with different strains of Rhisofclum under different nutrient and 
so il conditions on eowpaa variety itew ora. li® reported. that 
rhi&ohial inoculation of eowpea seeds resulted in significant 
increase io  the number and dry weight of noduleo, fresh weight 
of plants-end dry weight of shoot and root.

Bngyaraj and Hegds (1978) reported that seed inoculation of 
oowpea with Khigofclaa cultur© WASB 94 resulted la  a ofjpiflosht 
increacs in g^ain yield out of the four strains uc«d. Inoroaood 
nodialation and dry weight of plant tope occurred hut vmo not 
statistically significant. Bo correlation between the number of 
nodules per plant end grain yield was ©bsesved. Symbiotic re op one® 
o f cowpea to th© inoculatoci strain of RMaobiun was inferior.
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Sffluy ©t al*{t978) studied the ©xtsnt of infcraapociffcr 
vtiriafcility tar nitrogen fixation ©song 100 acufhezn pea 
(coypaa) genotypes and a screening teotmî oo wae developed to 
identify coupaa plants with high nitrogen filing effioioncy* 
Significant difference in nitrogen fixation efficiency wm 
found ©song boat plant genotypes following ^plication of a 
standard cosaa&roieli Jtatxed etraln of Bhieobtiai iaodilcnt*.

. fthio Tori ability v&u an evidenc® for gsoetin control of the 
trait and auggontsd the pogeiMXiiy of breeding oovfpcm foe ..- 
incroGBed nitrogen fi^atio«o

Bcpaiaii and Hai (1979) reported that under add condi Ilona 
3Rh5.EQttf.na ntrciii**12 produced greater dry of plant in
coupes*

Shyoor gt «&*<1979) in a green house trial® tested at 
strain^ of &&dw*grqwing rhisohia for â &io'fcLo effeciiv'caeea 
and aljllity to nodulate tliree varieties of cewpea (7ig/<a 
angaiodLata Wrielp) * S&o result eanfirnssd that eaype'a 
rMxoMa contain a largo and p$?hapa aantlimaua vsr&sticp in 
ayshiotie tolerance of soil seid&t&v Sosa© atraisut eeaSjiasa 
acid 'teloranco with high effectiveness*

lioî chsnclran (1979) cGrsonod 20 rhieohi#! ytcaftiu fctf 
efficiency is eowpea -ana, found that steals s*t? m& 8*10 were-
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scar© effective then others* B?oab and dry weight of shoot, 
ooQiO,© number ami dry t?3ight of nodule were o%nlficen13.y 
inoi?GB9Gfi with these a t s a in a *  ,

la a eo«?par&tiVG study with three eowpoa varlctiew $
I fa Brown# ilala aad hooal Stows*# Aflolabi (1980) found tliat 
the moat h&portahb vcsrlaKLQs which contribute to yield 
potential wore pod number pa? plant follow©# by seed number 
pel? pod» Oscd siea had a mi.no? role in a sesd yield*

Of the 20 isolates tried i-raaad (1980) adjudged isolate 
8 to be the most promising iaoeulant strain for cewpea {av* 
I?U8& Sluagtai)*. Kgmohandran at tsft»(19SQ) conducted a pot 
culture experiment on oowpea variety ’ new i^a* to determln© 
the effioisnoy o f mted inoculation of g trains? o f rfclsoMa 
in firing atmonplicirio nitrogoho i t  was fGund that none of the 
QOE&inatloBg o f (strains of rhisoblo ym hot tor thgn irjootslotion 
tfVtli nin^Le strain R5 isolated from crotalaria gsrvo higher dry 

o f plfthto., rmtasr of nodules and nitrogen fixation per
plant,

son and Wesvea? (1930) imported that aoetylene raduotieQ 
eopacity and nitrogen acoxsuiatioa in plant tqp por unit nodule 
mass 'Mere several fold liighsr in gp?cuncl??ut then coi^ea and 
oiratro yhm inoculated. with ctrein 52 in. In a fie ld  atedy 
Slvaprsaad and shiva^paghstty (1900) noticed significant
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increase is  yield, plant top dry' ana XeghaomogLobin
content of nodule in ccr^Ga cv» Pusa Ph&Lguiai when inoculated 
with strain IS-0 and IS-12* Sat increase in mater of nodales 
and nitrogen content of roots ware not significant* Oasrelar 
ticm otudios showed signifiOGnt correlation between laghaomo- 
gLobin ccsatant of noduleo, plant top dry weight and fin^L 
jgnain yield3 Uo oignifioant correlation was observed ho fee on 
nodule number and nitrogen content of plant top and final 
grain yield.

Ahmad gib j3yL*(19Si) conducted Gsperiment with 400 ganst!- 
colly diverse 11&Q& of cowpea with and witheat spiled nitrogen* 
Sbey reported that may cnltiv&ra responded positively in 
{shoot fro oil weight at 5-6 wools after cowing indicating 
inndGnpato. isfeotivity or offloaoy of Indigenous riiiaobla end 
a  potential for in̂ preveeQat by us© of fnoeulant.

Hinchin g£ a3(.(1SBl) reported tlmt cowpoa cv*(a) SFJ 1469 
and (I?) 2VU 2321 had greater (p?owth and highor seed yields' 
whon inoculated with phisQhium o train CB 1024 from Australia 
than with H-5008 from IJigoria. Seed yield o f pi cut inoculated 
with R-5008 was decreasad by explication o f 30 ppm nitrogen 
hut nitrogen regim had no effect on the ce- 1024 oynMosio*

Nair end slvsprosaCi (1951) reported beneficial effects 
due to inoculation with different isolates of rhisobla in



cowpea* Ehay dmld correlate symbiotic efficiency with 
incceaea in'dry wei^it o f ‘css^ea plotHss*

Shî nsa ct reported that seed. inccuXatjJ.cn
&l£Zmmt rhisohiaX etesifle iswfooaea ae®S yield by 12*33 
oant in gre&i ( c?M.c4g pos)# !«nt$X, pea, tsowpea# so^s 
.fiaoaalt&fcaift) # TM * (B SB  ^£82^ * mun̂  SSSiS&s) rjaS
arhar (pigooa paa).

gcbiatowlc© sr4 xtocfrt ( W )  inotsCUtee oos$e® plants ■ 
with fe e s  slew Rowing strain® foaod that plants
scdtel&tfja‘tty tiia fast* gr^ing gjbjsoMjajfl spp* 173 a* 23* Shay 
reported that the slow growing strains developed nox-imam 
acetylene jes&tfsifon than fast gracing atrains*

Host-vsrietsO. specificity of RMsohium for jjofiulation ass,̂ -̂jl.i m̂j-iei'e-iifcîwi*#!'!!*'!!!**’!!*! w.i'mwîiinHM'i—iaraiTHTn̂iTTnrfwiM > »■ 'i.;n r *r *■’•"•'-■■«*■■ ■ '«"■
s^UAiBaasa

^Xhreeht (1943) shewed tb&t six siagls strain coltiiiMo of 
iSfcisdhiasi fliffarad widely in tfcsSa? sffactlvoaoas cs opshisii 
psa nuts* *£!» strains wgvo assossa-i in to&sg of poh'ocritugs 
of nlegjt nodulat^ds dry setter yic3.fi pm? unit ores# final 
rating of yield sad tman dry weight of individually 
cdlloQtGfi plants*

Er&aan (1947) studied #i© etr&is variotion anfi host 
specificity of RMsohium on four species o f Trifgliug,
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gbe rasUlt indicated t o  ij^crtaace o f t o  use of e ffective / 
e train of Rhtaohium. trifcaiiA m  m l 1 aa cultivation of efficient 
varieties within different gglf&ima spp* fca? maximum nitrogen 
fixation ana growth of plant.

Brokd and Hanil (1065) inoculated alx dwarf bean 
Variation (ffhqpeolaq vulgaris L*) with HMeohiiim phfljsflSUt oafi 
t o  offset of n adulation ana yield were cot^ared with unino- 
c&ated control with and without nitrogen explication* ghey 
reports a that inoculation caused e rapid and abundant 
modulation and there was so significant difference among 1$ho 
varieties*

Ssubort and sofcsffle? (1967) investigated the boat 
specificity of HhicoMuia tr ifo lii on European clovers.
Pourty eight South African IsoXoteE woro tasted on five 
varieties of ffrlfolium auhtenegmoum* In see© oases there woo 
considerable variation in the amount of nitro^>n fixed by the 
various hoot inoculated with the some ioolat®*

s
Chhonher and Hegt (1971) ovaXuated the response of 

soybean variety 4 Bragg* to inoculation with different otrains 
of Rhigohlum .lapoaieuia in rhiaotda free so il and reported that 
some strains wore found to bo mare efficient than others in 
increasing yield*



sutfcs Rao and BalGsUKteem (1971) ehowsd the practicability 
of inoculation of esodo of coyboan with BMaoMjiEi as an effective 
practice to masitdee soybean yield.

Bhargeva at nl.(1974) reported that effective strains of 
Rhleobiam .leponicura produced Better nodulBtioa in soybean and 
indigenous strains were m  effective as laported cultures*

Kadhass and PatH (1974) invootigated the comparative 
perforfflano® of different ieolateo of gram (cie©£ arlotlnam B.) 
Bhigohlum in pot and fie ld  experiment. 2hey tend that a ll the 
10 isolates t-jero superior to control* She incroaso in yield due 
to seed iaooulation with fthlsobiaB a train was found to Bo in 
the ran ̂ 5 of 24*62 par cent.

Burton (1975) has shown that the use of effective strains, 
o f RfclcoMua ooulcl malas subatantl&l increaa© in the yield o f 
peanut, suraj Bhsm (1975) con duo tod an inoculation study with 
eight groundnut ailttvoro to evolve suitable plant type o f the 
crop. He found that the variety AK-12-24 and Spanish Xrsprcvocl 
were the hoot vrith regard to nodulatton and symbiotic 
efficiency#

Maewal et ^.(1976) showed that no&UXation in cfclok 
pea wna determined to a groat extent By the host genotype.
Xn a varietal and strain Interaction test* i t  was found that
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tho isolate Ca 121 produced the ssastota number o f nodules* 
mons varieties* L 144 and BG-2 showed taasdauni nodolation*
In syiablotio effectiveness* the most effective otrains were 
Ca 121 and Ca 181 and showed an increase of sore than 100 
per cant in plait dry weight and nitrogen uptake with ao many 
as seven gsnotypoe* Among the varietieo* 11*551 and 11*555 
showed fflayjwnm increase in nitrogen uptake as well as in dry 
matter yield*

lopes at ^.(1976) conducted a study on natural noflulation 
in groundnut cultivate* 2&tui and H*11.6 had tho highest absolute 
value for dry weight of nodules on tho main root of 21 
varieties and lines observed* Difference between tho ▼nrietiogi 
was not significant far nodule dry weight or for nodule weight 
or dry weight of the aerial parts* -

Radu and Samuel (1976) otudied the influence of different 
commercial inooulonta on gram (Clear arlotinass). ihscopt the 
S#A*R*l* culture o il  other inoculanta gave very good roai&te 
and produced high dry matter, high nitrogen uptake by the 
plant and trsnslocation to seed*

Sooa gt 01. ( 1976) investigated the effectiveness of 
nhLgobiua inoculation on four soybean varieties grown in Cuba 
and found that the treatment with ‘Rhizdognoya* inoculum 
increased the nodulation and ylold of e ll four varieties*



Gongriies (197?) studied tbo behaviour of ton Rhlsobiua
oiaralQa on soybean varieties* She result indicated 

that the relation between plant dry wol$it* nodule dry weight 
and nltrogpn accumulation varied according to variety* strain 
and s oil typo*

Kunsr nao and Patil (1977) reported that soybean responded 
differently to different cosaorciol AnocuXonto of Rhlsobina 
.laponicuw* .she different ealturss produced significant* Wrt n v • m i—rrr'i~̂ ~ • ' ' ’
difference in number and dry weight of plant top* Sxespt one 
inoeulantt cCLl others produced increase in yield as coshered to1
uninoculated control.

$f0te?si and Srivastsva (1979) conducted a pot culture 
esperinsent with few  varieties of soybean namely Bragg*
¥un3a&"1 p bpss-ie and Sepaya Black* It was found that the 
number of nodules did not differ oignifioantly esaerng i&e 
different varieties. Bragg variety appeesred to haw? tetter 
Modulation cspaoity than tbo other varieties, naxtisua nitrogen 
per cent w©a in UPSS-33 (2*38 per cent) followed by Bragg 
(2*22 per cent) and X*un3at)»1 (2*30 per cant). Variety Bragg 
qppearsd outstanding in fia  ing tbo Bmduira nitrogen which was 
about five times tbs value of nitrogen fissd by local sepaya 
Black. ' '

Ssscona and singh (1978) conducted esp©rtaats -so study 
the* reopens© of gross varieties to Rhisobiusa cultures



isolated from different ogroeHssatlo confiitlong* -Choir ro suits 
indicated tliat varietal differences were Glgnifioant and the 
interaction between culture and host variety was insignificant*

Caldwell and Vest (1979) reported the role c£ host 
genotype in no&ulation and nitrogen fixation. Ehey concluded 
that affective ivxTulatioa and nitrogon fixation v/ero greatly 
influenced by gonstio variation of both the symbionts*

Pcreak (1979) QtuOied the effectiveness of different *
strains of chick pea ( clear ssgfetlmaa) rihlgohlma in field* 
fliers was difference in nitrogaiiese activity and flinitrogon 
fixation aaeng the strains*

Porrora (1980) tooted three strains of ahigotaium phasooll 
on seven species of Dhasaolug under green house condition*
Xt was found that three of the Phase oltae bpp* showed a good 
level of nodulation and no nodules wore observed on Phageolaa 
olifHOGoerms* She other tliraa species showed low levels of 
noduLaticn* xwq species and to a lesser extent the wild fcna 
of P*val@arffl shoved a good levaL of nitrogon fixation*

llaydook e t  a l> (1900) roported  th a t  the most e f f e c t iv e  

Rhigobiua e tra in  could  be s e le c te d  on the b a s is  o f  dry n a tter  

y ie ld  o f  -whole p la n t o r  p la n t top only*
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yyrai©. jj£t ^,(1900) reported that opeciflQ hoet-strain 
combinatien can lead to Increased biological nitrogen fixation 
in peanuts* .

Pores and Vidor (1901) conducted a study on the aolaotion 
of RhleobitBB rlononiouffl strains and competitiveness for nodule 
site on soybean cultivars# £hey observed that there uoo a 
rasarfcabl© difference in nodule number and dry weight among 
eultiTsrs in rocponso to inoculation with individual strains. 
Strains 587 and 29 W nodulated a ll cult Ivors effectively and 
were very competitive far nodule sites# forming mare than 70 
per cent o f the nodules,

Girina (1982) conducted a otady on hoot varietal specif le i ty 
for hlaigobiun for nodulction in groundnut, she used oavon 
varieties of groundnut and isolates of the root nodule 
bacterium from oaoh of the seven varieties of groundnut and 
reported a favourable raspenso for o il plant characters studied 
in the variety due to inoculation with its  respective hoiaologue 
isolate of HMxohlum, 9ha isolates R2 and R5 wero found to 
be mar® coinpatible with different host varieties end the 
groundnut varieties tfSA-125 and ib«otie»6 showed tho most. 
favourable rosponoo to inoculation with different isolates 
of rhinobia in terms of symbiotic efficiency*
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Bfffoot o f osrcabiQtlo nitrogen fixation on the ooilnftroggji

tlirchandtmi and Shan (1953) reported that tho quantity of 
nitrogen adfisd to the ooil by a legume depend nafnly on 
whether the iegumo r;an incorporated into tho coll or not*

Huso©!! (1961) hold tho view that the actual amount of 
nitrogen fi.seti by logaminaue crops in the fie ld  was d ifficu lt 
to estimate because of tho difficu lty in determining accurately 
the nitrogen content of the soil on one hand and the amount of

_ o
devitrification ta&lng place during tho gracing season go the 
other* lie oxpresaed that probably a ll the nitrogen woo 
tr on of erred to the tops and seeds in view of the fact that the 
legumes increased the nitrogen content o f the ooil to a level 
not higher than that of the non-legume crop cultivated a oils.

. Afei-sfasJdca and Bag sir i  (1972) found that the lend upon 
which inoculated soybean had been grow the previous year 
produced more nodules and greater yield then did the land

X.
planted previously with ncn-inoculated seeds*

sahu and Bahara (1972) inoculated sdifsoMum in cowpeo » 
groundnut and green gram seeds and noticed a 29 per cant 
Increase in ooil nitrogen content m  a recruit of culture 
application.
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Sisarsaa snd (1974) oaaposaa tiia affioianoy of
different coraaercial Ihcculanta of Jthia dfl.ua .laoontcum on fie ld  
gram ■ooyhosiza* lehay found that iaooalstion with nitragin 
culture increased th© soil nitrogen to ,45 pos? coot aver Initial 
level at tho time of crop feorvest* Other cm tores (lB?ATJ-2» 
I££5>pns? and IASI culture) increased the son nitro^cm ooistsot 
only oh out to per cent*

Msthsn gt a£,*(1979) reported that whan a logupinoue crop 
like ootfpoa was included in q crop notation of Goaga 5 Kass f 
Go-7 rngi and Co**2 eosspea* the total ultrogan oontsnt in tho 
go3p„ was considerably incĉ eaneti siren in tho unfertilised plots* 
Goneideral&e quantity of nitrogen fixed was observed to have 
bees redistributed in the. soil which depended m tho fe r t ili
sation pattern*

~ Kele and JPstil, (1981) conducted a study in gras (deer 
orfs t inaa Xj* ) on tho of foot of nitrogen fixation and yield*
Shsy fouca that by the Inoculation of gran- oaedo with an 
effective strain of HMaohluta i  sffaral nostrum along with 
Aaotbhaotm? chrdocoooum* the nitrogen and organic carbon 
content in ooil wee increased*

Alston and Graham (19B2) evaluated the influence of ooil 
nitrogen status and previous ercp on nitrogen fixation



(Acot̂ Lenft Hacaotioo) in Barrel Kedio, Hoflioago tnrnoatula* 
Shey reported that the rata of accretion of nitrogen is  the 
soils frosa nitrogan fixations wna dependent o f ths total 
nitrogsn oontont and was decreased whan the so il mineral 
nitrogen wna high* ilio results land implications for the 
maintenance of the nitrogen statue of soils under csroal- 
pasture rotations*



MATERIALS AND METHODS



HA2ERXA&S Mm IHSEK/US

(The variot&L response “to Riiigobiuo inoculation in coypoa 
was isveBtigated in a statistically laid out fie ld  experiment* 
Sba oxperiE^nt wag oca ducted in rioo fallow of the Hi go Research 
Statical I Eesyonlsilsa during tho suasaea? season o f 1981—190S*

I-' ia t e g ia lB ’MMMnMnMUM

t e i e j i e g ,  a iid ^ g g d p .

She ccŝ poa varietioo selected vjeso 0152 e Paoa-2,
Bg-22, 522, 533,524. 521, 779 and V-37-.

All those varieties Usva oteout 90 dayo duration* £hc 
oaodo required for the oxporinoat wore obtained froa Rice 
EeBaarch Station, Pattoahi*

Hbiesdbiua culture was supplied by the HieroMe&ogy Unit 
of the Deportmat of Slant Pathology, College cf Agriculture, 
Vellayani* Cowpea Rhlsohlma strain 6050 vae used aa ’810 

inoealsnt in tho present studies*

Shore wore 20 troateont oom'binaticeo aa listed feelows-

1. V1 Ro 6* v2 R1 11 . % % 16* % *1
2* V1 S1 7* ’ *4 % 12. v6 R1 17* ¥0 Ro
3* 2̂ % 0. ¥4 R1 13. ?? Ro 18* *9 R1
4*- 9* % H0 14* v7 % 19* V10 Ko
S. V3 PkO 10. ?5 a t 15* % H0 20. V10 nT



P.q -  without HblgoMaai (control)
-  with Rhlgobiua (oowpsa HfalEObiua strain 6050)

V -  represent variety
Yt -  554
Vg -  V-57

V5 -  522
Y^ -  IIg - 2 2

Vg -  0-152
V6 -  551

Ŷ  — imas-2
V0 -  779

? 9  -  l > t W

V10 -  533

Assign and layout

Eba e^erinsent was laid out in factorial randoaiaGa Hock 
design with 3 replications* Eh© treatment combinations war# 
allotted to different plots rnMoaly using the ran&ca number 
table*

Erop ©ration o f Rhiaobiua cultureIIHL « ■■ ■ i f  ■■■—H* n *■■" m, ffiii'BTr'"*!   II ».■«».
She isolate of RMsoblan was tea tod for tho purity by Grom 

staining (looker, 192? ) and XetaLaotooe test (Sernaerts and 
do Ii©y> 1965). I’iia isolate of Rblgoblma wee grown in yeast

Uheres
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extract rnannitol agar aediuia in potri&i slice and incubated in 
a 3*0*17* incubator at 23 ♦ 1° for thnsa days*

Yoagt axtpsct carmltol gaga? aaiUnra (0.Ion* 1935)

flannitol. 10*0 g
Ê HPÔ  ■ 0*5 g
Me SÔ *tHgO 0>2 g
R&C3. 0*1 g
CaCOjj ., -  ̂ g
Y e a s t  e x t r a c t  1 .0  g

Congo lied (1h aquaquo eolation) 2*5 *&
Agar 15*0 g
Distilled waUse 1000 d
pH 7*0

iypioal colonies of Hhlgoblma oliaraoterised by a white 
colour anl guaay nature were selected and transferred to 
yeast extract raannitol ages? oLarric*

Ehe ieolata of Kbisobluia u&c also grown in yeest e^troot 
mannitoi broth (Iswaron and Chhonkar* 1971)* 2ho conical 
flasks containing the broth with rtMsoMun culture were 
incubated at 28 + 1d0 fca? 4*5 days is  a B.o.D* incuhatd?* 
fxlx? rMgubiol grcwth la petridlshes was transferred to the 
broth.
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Pried well powdered am ste ilia ed  charcoal ws$ neod os1 
corrie3? nnteial for Bi&goblum» FivchuntSrGd @?sm ot charcoal 
was tatam and rai ased well with 750 ad of troth col t e e  and was 
padsotl in polythene hags at tho rats of 50 g each*

fie ld  oaraergjaent '

1* Prepnratfoa o f fie ld  r .

She ejspsrisantal area was tilled  with a pcwes? t ille r  , 
dodo wore brolsen » wee£3 viero renamedt levelled and laid oat 
into tpLooke and plots as given in Hi© layout plan.

2* coHsotlon of ceil samples

After the layout* se ll Gables were collected frcsn each 
plot for the analysis of per cent nitrogen in soil* Samples 
were taken by a ©pad© to a depth of a plough furrow (6 inches) 
at several spots and then ec^posltod. $hs soil was ©i&ed 
thoroughly m& spread on a oloan sheet of paper and divided 
into four equal parts. Kwo opposite quarters were ro3eotod 
and samples from tho other two quarters were taken and paclsod 
in plastic hags* ;

Soil eagles war© ola© collected after the harvest fTcra 
oaoh plots following th© procedure given above*

3 » FertHiBer tnrolleation
Phosphorus at 30 kg per hectare as superphosphate and 

potassium at 10 kg per hector© as muriate of potash wore
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applied at the tin*© of Gating m per tfc© Package of Practice 
RecoinricEa?%ticEi of Kerala Agricultural University (Anon., 1931)* 
ffitrogen fertiliser was not applied in till 3 experiment*

4* Sse&s aiid flowing

iiouing was done on 25 th January 1932. she seeds were 
treated with Rhlgobiua culture. Par that* 125 g of toggery 
was dissoLved in 500 n& of water and. boildd for 30 amatoo 
ami then coded. Sho carrier materiel with Khlsobfosa wae 
raided with the jegaoev to form a slurry* seefla were washed 
emu dried under shade for holf an hour before inoculation*

p

She prepared slurry wee well raised with eaoh variety of 
eseds separately 00 as to get an uniform coating of slurry 
on each seed* She coeds were then rolled over a bed of finely 
powdered calcium csrbcsiat© at the rate of 3*5 kg per 10 leg 
needs to got an uniform coating* fho aee&o were allowed to 
dry under shade and culture treated seeds ware sown 
imradiately* sowiijg was done by dibbling at a spacing of 
20 x 15 oa* SJbao in a plot there were? about 440 plants*
Light irrigation was 0X00 given after ccying and cee cling 
eEergonca was completed in about 5*1P days time*

5* After onre
One weeding was given 2 week after sewing* laoidemjo o f 

pest attack wao noticed for v/hieh HkaXux-25 B«c* at the
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qcnesErtestion oi* 0*1 pea? cent woo sprayed twim  at e© interval 
o f emress feyo* 2fie otand ©£ tho cs?qp was GtatXefnotary 
though o&t tii© period of growth*

6*HajvagtiS£ - ■

E?ce3 ths 06 li plot arcs a* tho dried pads war© pioKedf gnu 
feied and tteesh&d plot wise* 2ha cea&a t'/ero packed la 
separata paofceto after recording the weight.

1*. ifaafcer of nodaloa iser plant

■Sha plant'9 v^re uprooted carefully 00 tho 35th day after 
oowlag corrsqpoiiGed to mxiravua flowering otage of the
&rcp* 2ho roote w«s?o washed frao of gcdL3. po?tiolea* Hodales 
m  tho, ten root and lateral rootn were counted neparately. 
fotal nutahas? of nodaltm precoat 1» the root system of 
individual. plant woo i^oorded* v

2 * f f l a n t  h o ii

HoigUt of the plant from the soil level to tho tip of 
t o  tcg> Kuoai) leaf wag recorded* Plant height wao recorded 
on 55 tb day ef sowing and a&ao before* harvooting tho crop*

3* BoflaXa -ggy. .wtfrtM;
Sb© noflhleg rorswod from the plants were pachod plot 

wifi© and dried in the hot air wen at 65 °C tULl the constant 
f e y  w e ig h t s  w oro  o b t a in e d *



She uprooted sample pleats wore packed separately, 
partially dried in shade and thou placed in the hot air oven 
at 65°0 t i l l  the constant dry weights vjerc obtained.

5. lieM
She dried pods from the not area wers picked, sun dried 

and threshed plotelso and the weight of grains was recorded.
Plant analysis

2ho sample pi on to were oven dried at 65*06, powdered and 
used for the chemical analysis*

iiitroasn content in plant

She nitrogen content of the dried plant sample was determined 
by the Bodlfled ai«aro*l£3eldahl method (Jackson, 1967). Two 
hundred milligrams of the powdered plant sample along with 10 g 
of digestion mixture (potassium sulphate, cupric sulphate and 
selenium powder in tee ratio of 10:1 .0:0*1) was taken in ®
100 &Q. k^eldaia digestion flask* Sen ml o f concentrated 
sulphuric acid of specific gravity 1.84 was added slowly 
to tee above digestion misters and heated for 5 hours t i l l  
tho material was completely digested* She flasks were allo^d 
to cool dev® to roots temperature* 2hsn added 25 hOL of 
d istil led water to each flash® on cooling, the contents were 
transferred to 100 cQL volumetric flasks and the volume 
made up with di stilled water* Sen i&L aliquot o f the sample 
from the volumetric flask was then added to the U^eldab!
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flask along with 10 of 50 per oant sodium hydrojeide 
solution and oteua diotillad t i l l  about 100 ml o f the 
distillate was cc&lected in the receiver flask containing 
in itia lly  10 d  o f 2 par osnt boric aeid solution with a drop 
of aissed indicator. The asuoniecl nitro^a content of tha 
distillate was determined by a titration with 0*01 U 
hydrochloric acid* fTon the titre values the percentage II 
waa determined by tho following aquation

« y  X H St Y jX  0.014

VJhere V * Titre value -  the blsnk 
- a V|» Total volume o f plant aaaple made up 

Vg« Volumo o f plant oacplo disttH od 
a  a  l l o a a d l t y  o f  h o i  , . ■

W * Weight o f powdered aomplo used for digestion.

Sail onalynlg '

The soil samples collected from the individual plots hefcare 
sewing and after harvest wore analysed for the total nitrogen 
content by modified Eicro-kt]oldahl method (Jaokeon, 1967).

Bata on various observations were analysed ©tatiptienlly 
hy applying tho technique o f analysis o f  verianoo Xcr
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factorial ranSoaisatl tSLoclz aeoies. Sle oienlSlCGaco mob 
tented by f F* toot (snoclsoar and Cochran* 19G7)*



RESULTS



Varletel reoponae to j^aqfalum inoculation In eovjpea_ ii jiini iii i nyrffir 1̂1 iii~f.iirTvn.̂  w* i.li»)iimji h ■ip.i.i 171̂1*wr̂ r m ■ IJln L i nm wiphh■■■i«nmi»i ■ ihhbib*» utitii linrmi

©ie observations token on tbirtyflfth Soy after sowing 
©si tho number of nodules* nodulQ dry weight* plant height* 
plant dry wight and percentage of nitrogen content of shoot 
portion vjoro statistically analysed* ■

She analysis of vnrlanos tablo for different oboorvatlono 
fs  given in Appondi:s"J* Moan value© of different observation©* 
corresponding to tha tsfostaont or© givon in 2abl© 1H5*

1* i-imaber of root nodules produced

l’j?ci5i tho Qnolyoio o f vorionco table given in Appond iK"X * 
i t  was clear that the effects of nMaobiua, variety end the 
effect c£ interaction tf variety and Bhigphfcitt on nodal© 
snunbsr were significant*

.-as naon from rfablo-1» BMsoMub inoculation resulted in 
significant increase in tho total number, of nodules produced* 
In tiie Bhigsohiufo inoculated treataonto the moan nusiber of 
nodules recorded wes?© 29 *80 (Ĥ ) m against 21*37 (Hg) . ; 
in non~inoculated controls*

Sfhsrej v/an significant differance between varieties* in tbs 
nusber of nodules produced# Sio saatoia irjaber of nodules 
(43*44) vac observed in the variety 535* which yas fo llow  d



0 odule husker •* Effect of RhigohiUB inoculation ana 
interaction with cowpea varietlea

2ahle*1

Cowpea
varieties

niiicobiim
culture

R1

Control

R0
Mean

V., -  534 41.79 35.06 38.42
V2 -  V-37 14.85 11.56 13.20
V3 -  522 23.29 12.10 17.69

-  Hg-22 19*62 14*22 16.92
Vg -  C-152 27.33 21.50 24.41
V6 -  551 37.60 28.12 32.86

V7 -  Pusa-2 29.81 21.43 25.62
VQ -  779 13.31 10.67 11.99
V9 -  Ptb-1 41.50 20.95 31.27
V10-  533 48.79 30.10 43.44

Kean 29.80 21.37 • •

0.3). (5$) for comparison of levels of varieties -  3*37
C.D*(5^) for corn? oris on of levels of Uhiaohium -  1*30
C.D.(5$) for comparison of levels of variety X „  » 77
Rhisobiuia interaction
* Moon of 3 replications 

Rankin n o f varieties

V1 0 V1 6 '9 *7 3 4



£al&© * 2
M ule dry weight (g) « Effect of RhlatVfciun Inocular
tlon and lutsractioK with covpea varieties*

cctjpoa
varieties

Hhlsofcius
culture

<?*■<***■

Cufitrol
Ho,

Mean

V1 “ 534 4.44 3.30 4.18
rr»

*2 "
V-37 2*01 1*81 1.91

V j - 522 3.51 2*99 3.16

?4 - Hfi-22 2,44 2.24 2.34
% - C-152 2.63 2.24 2*46

H - 551 4.70 3.83 4.26

v 7 " ?usa»2 4.45 3.93 4.18

V8 ” 779 3.32 3.03 3.19

V9 " Ptfc-1 2.13 1*41 1.77

V1G“ 533 4.38 3.47 3.93

f-iean 3*29 2.89 »*

O.D«(5$) for comparison of lerels of varieties 
0  •!)«.( 5 )̂ for eamparisca of levels of RMsobium
*  Kean of 2 replicftiltgjs .

RanEinf&PvarigtioB

0.77
0*34
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Ao soeh frcsa tii© 2abl©«2#. the Hhisobium inoculation had 
resulted in eignlfiacmt inoreas© is  nodule dry voight t l ic n  

eontrbl. HoOule dry waigfet obtained 03 n result of KMsobfma 
Itioeulatlon (E ̂ ) was 3.39 g.in contrast to tha control (RQ) 
plants that produced o*£Ly 2*09 g*

Shero uao significant difference between varieties in 
nodule dry weight. With regard to the nodule dry weight tlio 
Varieties wore divided into three groups. 2ho varieties 551* 
Puss-2 and 554 were superior to other varieties# yielding a 
csean nodule dry weight of 4*26 g» 4*18 g and 4*18 g rospooti- 
vely* 2ho second group included the varieties 535» 779 and 
522# which were on par with each other yielding a sean nodule 
dry weight o f  5.93 g# 3*19 Q and 5*16 g roapootively. She 
lowest nodule dry weight was observed by the third group of 
varieties oc&sisting of d-152 (2.46 g)» Bg-22 (2.54 g )# V-57 
(1.91 g) an d  Ptb-1 (1.77 g).

iiie varieties 351# and 534 were the best varieties
in tarns of average noculo dry weight recorded by the 
inoculation of Rhisobiwa n train 6Q5Q.

5. Plant height.

A s  so o n  f r o a  th e  a n a l y s i s  o f  v a r ia n c e  t a b l e  g iv e n  i n  

A p p e n d ix !  » i t  vjao cLggc? t h a t  t h e  o f f e o t  o f  v a r i e t y  on th e  

p l a n t  h e ig h t  m o b  a  i  g o l f  l e a n t .  S h e  e f i t e o t  o f  h h ls o b iu m  a n d  th e



Sable-?
Plent height (on)*- E ffect o f RhlsobiuK inocula-

... ticm sufl interaction, tilth cowfleS'VS^HtleQ

Coupes
v a r ie t ie s

nhisobiua
cultiiro

R1

C ca tro l

So

Kean

Ŷ  -  534 30*04 28.00 29*02

V2 -  V-37 38*27 36.95 37.61

V3 -  522 29.16 27.00 23.08

?4 -  ISg-22 33*27 27.95 30.61

y5 -  0-152 33.90 32.33 33.11

Y6 -  551 34*16 29.18 31.67

-  3?uoa-2 31.25 28.54 29.09

Ve - 7 7 9 35.12 30.60 32.96

V9 -  Etfc-1 34.68 31.53 33.11

V10-  533 26.86 22.12/ ‘ ’ . '
24*49

Hess 31.20 29.91 «*.

C*jD*(5^) for cosaperisen o f X<??ols off varieties -  9*45
* Kean off 3 replications*

Racking o f varieties
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ld

K - 534 4 - Hg- 29. 7 - PUSA-I 10 - 533
2 - V-37 5 - c .  192 8 - 779 ■ iNocuLA-ntD with £ JJ|̂
3 - s aa 6 - 551 9 - Pbb-1 □ without &A.6jo£t:u.m £ r0̂

P I S  ■•4 - .  P l A U T  H E I G H T  j E F F E C T  O F  

I N O C U L A T I O N  A M O  I N T E R A C T I O N  W I T H  C O U l P E A  V A R I E T I E S



offoou of interaction of vorlety and idilaoMum were not 
significant.

prca the 2able-3 i t  was seen that the Hhlgobiuia inocula
tion had resulted in higher plant bsi^it than control, but 
i t  v/aa statistically not significant.

Shore was significant difference between the varieties 
in plant height* she tacniimuia plant height woo observed in . 
the variety V-37 (37.61 cm). She rast o f tho varieties woro 
divided into three groups. She fir s t  grarp included the 
varieties C-152 (33.11 cm), 3?tb-1, (33.11 cn) and 779 

(32.96 cn ) and they viero on par with each other* Shore wan 
no signifleant difference between the variotioo 551 (31.67 cn) 
Hg-22 (30.61 cn) and X,uae-2 (29.89 cm) end they formed the 
C9C0D& group* She lowest pleat height wan observed in the 
third group o f varieties 534 (29.02 esj)f 533 (24.49 cm) and 
522 (23.08 cm)..

4. Plant dry weight .

Erca the rmalyols o f VariaooG table in Appcndix-I, i t  was 
clear that the effect of variety and iihiuobima on plant dry 
wight woro aignifioant. She effect of interaction of vorioty 
and hhlsoblim v;ao not significant.



Eatle -  #P la it toy walg&t (g .) -  
eolation and interaction

Effect o f Rlilso'biua ino- 
witli cOf?pca varieties

cotgea
varieties

R h i s o o i u E
culture

R1

Control

R0

Mean

V1 * 554 54.65 44.66 49.66

V2 -  V-37 44*66 39.33 42.00

Vj -  522 54.00 45*33 49*66

V4 -  Hg-22 30.33 24.00 27.16

-  0152 40.66 32.00 36.35

V6 -  551 56.33 . 52.66 54.50

-  Pusa-2 44.66 40.33 42.50

%  -  779 35.66 31*33 33.50

Vg -  Pfb-1 52.00 35.00 43.50

V10-  535 51.66 45.53 43.50

Kean 46.40 33.00 . «

C.I).(5$) for coop aria on o f levels o f varieties- 11*57 
C.D.teO far comparison of levels of Rfcisobtum -  5*17

* Kean of 5 replications 
Ranleing of varieties
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As eaen in the Sable-4# the Hbisobian inoculation resulted 
in significant increase in plant dry weight than control* By 
the inoculation o f KMsoblua the average plant dry woi$it ime 
46.40 s oospored to the control plants weighing only 39*00 g.

Shore .was also significant difference in plant dry weight# 
between the varieties. On tlio basis of plant dry weight# the 
varieties ware divided into three gronpQ. She highest plant 
dry weight was observed in the varieties 551 (54*50 g ), 534 
(49.66 g)# 522 (49.66 g) md 533 (4B.50 g). She second group 
consisted of the varieties Ptb-1 (43*50 g) 9 Ptaea-2 (42.50 g) 
end V-37 (42.00 g). She lowest dry weight was observed in 
the third group of varieties 0152 (36*33 g)*779 (33*50 g)

a

and H@*22 (27.16-g).

She test varieties in toras of me ml plrjDt dry weight wore 
551 # 534# 522 and 533 recorded by tfco inoculation of fthlsoblua 
otroin 6050*

5. Porcontaffe of nitron a a on tan t in -plant

As oeen in the analyois of variance table in Appendix-X 
i t  was dear that t>ie effect of Rhiaobiuia. variety and the 
o f foot cf interaction of variety and Rhjgohiiim on percentage 
KitrogGn content v/ero significant.

Fron the Sablo-5 # i t  was ooon that the RMgtobiura 
inoculation hod resulted in significant increase in percentage



Percentage nitrogen content ** K££qq1; of RfaisobiUB 
inocaXation end interaction with oowpoa varieties

Sable - 5

co^pea
varieties

nhinoblm
cu ltu re

B-
GmHsol

R0

Me Em

V1 -  534 2.S5
V2 -  V-37 2.89
V5 -  522 2.58
V4 -  Hg-22 2.70

Vg -  0152 3.16
V6 -  551 3*35
Yj * Pusa-2 2.32
V8 -  779 a*98
V̂  -  Ptb-1 3.23

V10-  533 3.02

Moan "'TJS?"

2*61
2*53
2.45
2.52
2.97
3.10

2.15
2.3Q
3*02
2*66

t v

0.3. {55») fee- caparison a£ 
C*3.i5$) for c^n'arABon of 
C.P.£5̂ ) for eossparisffii of 
PJiisobium interaction.
« Mean of 5 replications

Konkina of vnrletiaa

Ts ^ 5  V10 ~ 2  V4

Isvola of varieties -  0.072 
level o of Hhisobium -  0.032 
levels of varieties X 0&102

^ 0  T7
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of BitrogDO content of pleat c&Eparod to control^ Rhiaoblua 
inoculation had resulted in m incroaae in average nitrogen 
content of 2.07 per cent compared to tee control v̂ rioh uoa 
2.64 per eont.

Variation oloo showed ciGhi.ficant difference in percentage 
of nitrogen content of plant* riho hi^heot nitrogon content \nw 
racox'dcd by tho variety 551 (5*23 per cent). I t  woo c&ocoly 
followed by two varieties i5tb»1 and c-152» recording on 
Qvorags nitrogen content of 3*12 par cant and 3*07 per cont 
respectively even though the first one was' significant./ differ 
tem  tho latter* ffiioro vsss no olgnificont differonea in per 
cent niteogon content between tee varieties 534 <2.73 per cont) 
and V-37 (2.71 per cent),aM 522 <2.52 per cent) and 779 
(2.48 per cent). She lowest percentage of nitrogen content 
waa observed in tec variety Puaa-2 (2.24 per cont).

iiy the interaction of Variety and flhigohiun. the highest 
nitrogen content v/as recorded in the coabinaticn of 531 and 
lUllaohiuro (Vgihj) which resulted in 3*35 per cont. 2h© lowest 
nitrogen content recorded by the combination of Pusa-2 and 
PAisobiua (V^Rj) ’.700 2,32 par onnt. £he variety 551 was tee 
bost variety in terrjg of percentage nitrogen content obtained 
by the inoculation of Rhisebiun strain 6050.
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2h© oboorvations tâ on at the time o f harvest were idlest 
height* pluat dry weight, yield per plot and percentage of 
nitrogan content of plant# 2ho analysis of vorianoo table foe 
different obeoxvationo givon in Appendlsc-II. Mean values of 
different observations are given in 5!able 6*9#

6# Plant height

Eroa iho analysis of Variance table in Appcndix-II , the 
of foot of RMsoMum, variety and tlio effect of in tor go t ion of 
variety and Hhlaobiua on plant height were significant.

As seen in tlio 2alxLe-6s the Hhiaobiua in Deflation rocultcd 
in significant increase in plant height at the time of Iinrvoot. 
An avorngo plant height of 65.29 cffl vjos obaerved by the 
Hhisoblua inoculation in contrast to the control which vran 
50*05 cm.

2 he maxima plant hoight (144.14 css) was recorded in the 
variety V-57 and was superior to o il other varieties. It was 
followed by Ptb-1 having a pi sat height of 101.44 cm.- Shore 
waa no significant difference in plant height between the 
varieties Pusa-2 (60.51 ein) and 0152 (58.04 cm). She 
varieties 522 (45.13 cm) and Hgr22 (41.35 cm) were also on 
par with oach other. 2ho lowest plant height weu observed 
in the varieties 551 (35.70 cm), 534 (32.37 m ), 779 
(32.28 cm) and 533 (29.67 cm) and which were on par v;i th 
oach other.



Plant height (ca)* -  Effect of a^gofrlm inoculation 
cbS interaction with ccypea varieties

Cablo -  6

Go*jpe«
varieties

nhisobiua
culture

. R1
Control

Ro
Mean

V1 -  534 
V2 -  V-37

34*03
165*89

50.66
122.39

32.37
144.14

. V5 -  522 50*54 39.72 45.13

. -  Kg-22 43*02 34.68 41.35
. V5 -  C-152 64.54 , 51.54 58.04

V6 -  551 38.52 33.04 . 35.78
Vî  “• PU0Or»2 80.97 40.04 60,51

VB -  779 34.00 30.56 32,28

Vg -  rtb-1 105.56 97*33 101.44
V13 533 30.83 28.52 29.67

Heen 65*29 ~~~1s0.85 «*

C*X>«(55w) for coapsriacn of levels of varieties -  6*32
CeD*(5?j) for comparisen of levels of llliiEObiuo — 2 .82
C*]). f e ;  for comparison of levels of variety X -  8*94
Rhisobiisa interaction
* Moan of 3 replications
Ranking of varieties
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She variety 7-37 was tho boat variety Is terrs of plant 
height by the inoculation of Rhlgoblum strain *5050.

7* Plant dry weight

An seen in the analysis o f variance table given in 
.yinpt’h'ftiz-Il 9 i t  was oIokp that the effects of nhlstfbfsia and 
Variety were significant, diie effect of in tor action of 
variety and - Rhlfloblua woe not eignilicuGt. .

Prom tbo 3?able*7# i t  woo seen that the Rhiaobium inoculation 
resulted in significant Increaso In plant dry weight than 
control. By the Rhinoblua inoculation on average plant dry 
weight of 87*62 g was observed in contrast to tho control 
wMdh waa 71*60 g.

She variety V-37 produced the nmissura plant dry weight 
(112*05 g) and i t  was superior to o il other varieties. 2here 
waa no oi gulf icon t  difference tatwoon the varieties 779 ( 67*82 g) » 
551 (05*16 g )t 533 (00.00 g), He- 22 (79*25 g)if Ptb-1 (75*33 g)
334 (75»OQ g) and Pusa-2 (71*23 g) in plant dry weight. !2hs 
lowest plant dry weight was recorded by the varieties 522 
(69.66 g) and C-152 (59.66 g).

”"37 was tns boat variety ±a terse of pleat dry weight 
at the tico of harvest# obtained by the inoculation of 
IjMsobiua strain 6050.



Plant dry weight (g .)#-  Kffoct of RhiEohiua 
inoeuXatiosa find irct«Q2?&t>tfosi with otRjpaa varieties

StaTCLe -  7

COWpSA
varieties

Hnisofeiusi
culture

R̂
Control
' %

Mean

71 -  334 77*66 72.33 75.00
v2 -  Y«37 135*66 30*00 113.03
Tp -  522 73*66 <S*66 69*66
V4 -  lIg-22 83.00 70*66 79.33
Vi- -  G-152 62*33 57.00 39.66
V6 -  551 94*66 nc £CJ j* f U *<* H5.16
Vy -  Paea-2 82*33 60*33 71.33
va -  779 99*66 76*00 87.93
Vc) -  P t M 91.33 53*53 75.23
T10"  53? 85*00 75*00 00,00

Mean
I fc»*• t* r  i.n *'■ rt r.,i a>*̂

87.63 71.80 l>*

G.P*{5£) Sot ecrapsrioon of levels of varieties -  26.00 
CUD*(5$) fcr coixnrioon of levels of Ehizoblma -  11*63
* Kean of 3 replications
Honkln« of vngistioa
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B* Viold peg plot

As ©eon in the analysis of variance table given in 
Appen îs-II , i t  \/an clear that tho effects of nhigohitia end 
variety were significant* She effect of interaction of 
variety and RhieoibiqB vmo not significant*

Ab gqgu in 'table-8, the fthis obiura inoculation so suited in . 
significant increase in yield than tho control* By tho PMEOlalma 
inoculation an average yield of 1 *000 leg was observed Goqjjarou

s

to tho coo tool yielding only G*816 kg*

Itao varieties were divided into four groups* 2ho varioty 
522 (1*510 kg) and 554 (1*142 kg) vs re the superior varieties 
in toraa of n?ei*ago yield* 5lio eecond group included the 
varieties ??S (1.056 kg), V-37 (1.02BN§> and 551 (0. 8G2 kg) 
and tho third group included the vm?ietieo Hg“22 (0*825 kg),
Ptb-1 (0.805 tg) and C-152 <0*762 kg). She lovsnt yield
producing/g?-up was Pugj>>2 (0,720 kg) and 555 (0*593 ks>*

' " " ' ' >She host v aria tie 0 wor® 522 and 533 in teriio of average
yield production by the Inoculation of Rhigdblua □ train 6Q50.

9* Percentage of nitrogen ocntant in plant
P.VCQ tlie analysis of variance table in the Appen&is-XS it  

was cl oar that tho effect of PMsoMum, variety and the effect 
of interaction of variety end Rliiaohiua were eignifleant*



Yield por plot (is -)*  -  iSffact of Bhiflofelaa in&* 
cu la t io n  and in tc r a o t io n  with ecwpha ver&etieB

'Sable — 0

crapea
varieties

Siliiaobiaa
CUlti5J?0p ,  ,i

Control
so

Heaa

-  534 1*163 1.115 1.142

7a -  V-37 1.140 0.916 1,020

Vsj -  522 1.353 1.266 1.310
V4 -  Hg«22 1.000 0.650 0.825

-  C-152 0.833 0.635 0.762

*6 -  551 0.875 0.850 0*862

*» 2t!sa«“2 0.866 0.573 0,720
Y8 -  779 - 1.180 0*833 1.036

V9 -  £tb-1 0*813 0.773 0,805
Vw-533 0*755 0.431 0*593

\'{$m 1#<K>0 0,616 9«

0.
s
•D.(Ŝ ) for otxnpariacn of levels of varieties -  
•XU(5$£) for ooapaeisoo of levels of ilhissdbium -

0.280
0*125

* Mean of 5 sqplS-oattcBB 
HtaikiPg of varfetlefe
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As seen in the 2ahLe-9, the Rhigdbltim inoculation 
resulted in significant increase in nitrogen content* nhigohluro 
inoculation resulted in an overage nitrogen content of 2*24 per 
cent in contrast to the control (2*09 per eont) •

She hi ghost nitrogen content vas recorded by tho variety 
551 (2*62 per cent). It was followed by the varieties 0-152 
(2*49 per Gent), Ptb-1 (2*38 per cont) ana 533 (2.20 per cant). 
S&ero was no elgnificnnt difference in par cent nitrogen 
content between the varieties 534 ( 2fl11 per cent) and Hg»22 

(2.09 per cent), 779 (2.00 per cent) and V-37 (1.99 per cant). 
She lowest nitrogen content was recorded by fee variety 
Piisar-2 (1.85 par cont).

Six? hi$1031 plant nitrogen content recorded by the 
combination of variety 551 ana nblgobiam (V̂ n̂ ) yjgq 2.68 per 
cont and the lowest recorded by the combination of Puoc-2 

and RhlsoMura (V ^ ) was 1.91 per oont.

21ie variety 551 was tho beat variety in tarn3 of percentsgs 
of nitrogon oontont in plant by the inoculation of Rhigoblun 
stoain 6050.



Percentage nitrogen content * - Effect of HhiaoaLua 
inoculation end interaction with cowpea varieties

Eable -  9

Cowpea
varieties

Rhisohiu®
culture

R1

Control

R0

Mean

V, -  534 2*17 2.05 2.11

V2 -  V-37 2*07 1.91 1.99

v5 -  32a 1*96 1.89 1.93
V4 -  He-22 2.17 2.00 2.09

v5 -  0-152 2.62 2.36 2.49

V6 -  551 2*63 ■ 2.56 2.62

Vy -  Pusa-2 1.91 1*79 1.05
V8 -  779 2.03 1.90 2.00

V9 -  Ptfc-1 2.56 2.19 2.30
V10-  533 2.26 2.15 2.20

Mean 2.24 2.09 • *

C*D*(3 )̂ fas? comparison of level a of varieties -  0*058
O.D*C5^) for canparison of levels of Rliiaobiuia -  0*026
C.B.(5^) for ecn^arison of levels of varieties X 0*083
Rhisobiua interaction.
* Hooa o f 3 replications
flcnlslgg of varieties
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Effect of ccv/pea cultivation on native soil nitrogen content

2ii0 nitrogen content of a o il before sewing was deter
mined. Bat i t  was found that there was no oignlficant 
difference between the plots in the native nitrogen content. 
{Una Rhiaobitag inoculation resulted in e i0ii£Loant increase 
in res Musi nitrogen content of soil* Increase in per cent 
nitrogen coitont ranged froD 1*7 to 6*5 per cent (Sable-10)*
Cerrolotion studies showed that there was slight increase in 
native nitrogen content in soil in the control plots else end 
i t  ranged fra a  0*4 to 5*8 per cent (Sable-10) • a it i t  was 
found that the nitrogen fixed in the Hhlzoblum Inoculated 
plots was significantly higher 151011 that fired in the 
control plots.



GoH&m'isOJi of futse'easo ill Boil nitrogen 
coidftent oy inoculated and non-lnoculated 

cot'.poa plsft'fe

Percent increase in soil 
nitrogen

vazSeties in control in treated
' p lots plots

£aKLe-10

534 0.4 1.7
V-37 2.1 3.1
522 0.4 2.1
Hg-22 1.2 3*4
0152 2.1 3.8
551 3.8 , <5.3
3?osâ 2 2.1 3.2
779 1*4 2«(>
P±01 1.2 3.0
533 2.1 2.5



DISCUSSION



DlSCUSSKlH

An im portant problem  in  the pulao c u lt iv a t io n  i s  the la c k  

o f  proper so fia la tion  th at w i l l  lo a d  to  the ex ten sive  ape, o f  

f e r t i l i s e r ' n itrogen  fear th e ir  cu ltiv a tion #  Ship bos le d  t o  the 

in te n s iv e  screen in g  o f  d i f f e r e n t  v a r ie t ie s  o f  pale© crops f o r  

proper noaolatsion. With th is  o b je c t iv e ,  the p resen t in v e s t ig a t io n  

was carriecl o a t  t o  study whether there i s  any v a r ie t a l  response 

among the covjpoa v a r ie t ie s  t o  Rhizobtus in o cu la t io n  on n odu latlcn  

and other p la n t  characters* In  th is  attempt 10 v a r ie t ie s  o f  

cowpaa were used f o r  s e le c t in g  the beat v a r ie t y  f o r  e f f e c t iv e  

sym biotic n itrogen  fix a tio n #  cowpoa Rblgbbiua s tr a in  6050 was 

used to  study the b oa t v a r ie t a l  o p e c i f i c i t y .

P lan ts  wore maintained t i l l  th e  h arvest and observation s c c  

iiumSor o f  n odu les, nodule dry w e igh t, p la n t  heigh t*  p la n t dry 

w eight and percentage o f  n itrogen  con ten t were taken on 55th 

day a ft e r  sowing. A t the t in e  o f  h a rv est, p la n t  h e ig h t , p la n t 

dry w eight, percentage o f  n itrogen  content and y ie ld  were noted* 

She sym biotic e f f i c i e n c y  o f  tlio nhigoteiua s tra in  on d if fe r e n t  

v a r ie t ie s  o f  cowpea was observed on the b a s ic  o f  the above p la n t 

characters*

In  the p recan t study on the response o f  d i f fe r e n t  coupon 

v a r ie t ie s  t o  Rhigobltcn in o c u la t io n , i t  was found that the 

In o cu la tio n  re s u lte d  in  s ig n i f ic a n t  in crea se  in  t o t a l  number o f  

nodules produced* She cowpea v a r ie ty  5 5 5  recorded  the maximum



number of nodules* It; was closely followed by the variety 554*
She variety 531 * Ptb-1 * l?uoa»2» c-152 'were recorded a 
sign ificantly lower nodule number than the above mentioned 
varieties* 2he lowest nodule number was observed in  the varieties 
V-37 and 779* In the case o f nodule dry weight# tho maximum Ory 
weight was recorded by the varieties 551# Pusa-2 and 534* She 
lowest nodule dry weight was observed in  tho group of varieties 
including 0152# Bg-22# V-37 end Ptb-1. In tho ease o f nodule 
dry weight* the variety 534 was there among the superior 
varieties* 534 was aleo solooted as best variety fo r  the ncdule 
number production* eventhough 533 recorded the maximum number o f 
nodules* With regard to. tho yield# the varieties were divided 
into four groups.'. She f ir s t  and superior yield  producing group 
included the varieties 522 and 534* EVanthough 522 recorded a 
higher yield  than 554# there was no significant difference 
between them in mean yield* so in  the case o f highest yield  
production also tfco Variety 534 was considered as teat. Slhe 
lowest yield  was recorded by tho varieties 0-152# Pusa-2 and 
533# So with regard to tho nodule number# nodule dry weight and 
yield# tho variety 534 wao considered as the best variety.

In tho case of plant dry weight, the variety v-37 wag 
super! cr to all other varieties at tho tic© of harvest. But at
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the flCR&rfng tlrjo* t&e n&Kisata pleat dry weight woe recorded 
by tha varieties 551» 534* 522 and 555* Thovnricty Pt'tM * 
PUGa-2 end 0 1 5 2  recorded significantly Icwer plant dry

r/

weight*
With regard to the percentage of nitrogen content* the 

variety 551 recorded the nosisun value* I t  was followed by 
c-152 and Ptb~1. The otior varieties recorded significantly 
leca nitrogen content tlum the above mentioned varieties* Ehe 
lowest nitrogen content was observed in Puse-2*

2he observations therefore indicate that tho host varietal 
sp ecific ity  o f rhlzobls m  soon here la  sot atoolule* ihere 
is  no consistency among tlie varieties in  e ll characters 
recorded £bie type o f varying association is  core o f a host 
determined phenomenon* such a role  £as the host genotype 
has been put forward by other workers also* s&abert and 
Scheffler (156?) reported that there was considerable 
venation  in  the nsaount of nitrogen fised  by various host 
Varieties o f Srifoliua inoculated with the Game Isolate o f 
hhlsoMug. Dedarwal aS at* (1976) showed that nodulatlon in  
chickpea was determined to  o great extont by the host 
genotype* • Ehey reported that the varieties L-144 and E(>2 
reoceding tlie maxHrum nodulotlon, while H-551 and H-355 ;
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recording tho jsaxlisuin nitrogen uptake and dry mtter yield* 
Galuw&ll and Teat (1979) reported that effective noaulation 
end nitrogen fixation were greatly influenced by genetic 
variation ot both the eyrjbicnta*

7 In this oxporinant, tho variety 934 recorded th© mzxxlmm 
number of nodules. But at the aam tis# high nitrogsm content 
of pleat was obtained in the variety 551 at the flowering and 
hGBEVGBtine tiros, so i t  was found that association of this 
hhlaohluiB resulted in mztmm nodule number,in the variety 
534, but i t  resulted in significant redaction In nitrogen 
content than 551* 3?he h ip est nitrogon content was observed 
in the variety 551 by the association of fihisobltsa and loos 
nodule miaber than in the variety 534. Anone tbs varieties 
of oowpea* there were con eider able differences in nodule 
nusber cad fritrogan cootont* so i t  was not possible to 
bcrrelate the nodule number and nitrogen content. £lie 
correlation study proved that thoro was no significant eorre* 
lotion between those two characters. studies conducted by 
SivapraoaQ and Shivuppaohotty <1900) support thie observation. 
Shcy showed that there was no significant correlation bott#»on 
nodule mmter and nitrogen content of plant top#

Re suits of the present investigation shewed that the 
highost niuabor of nodule wets produced by the variety 934*



2hs same variety elLbo recorded th© highest yield* Bat each 
a relationship was not eeosi in other varieties. 55ia highest 
nodule number van also reeordod by the variety 535. tat at the 
sane time the yield was the lowest* ffihe correlation study 
proved that there was 20 significant correlation between the 
nodule number and yield. Previous reports by 302s workers 
also support this result. Bagyorajj and Hegde (197S) reported . 
that the seed Inoculation of eovjpea v/itb Hhlsoblma coitu s 
U/ISB 94 resulted is increase in nodule number and groin yield* 
But the correlation study showed that there was no correlation 
between the number of nodules par plsut and grain yield* 
slvayrasad and shivoppash©tty (1980) in a field  study of the 
inoculation of covjpoa cv* Puna Phalgoni® with strain Xs«0 

and IS-12 observed that there was no significant correlation 
between doM o number and final grain yield*

She la st pert o f this study was to investigate whether 
there was any significant e ffe c t  on native nitrogen content 
o f so il by Rhisobltta inoculation* She increase in percentage 
nitrogen content ranged frees 1*7 to 6,3 per cent among the 
plots where the different eowpoa varieties were cultivated,
Ehe variety 551 was the most efficient one that increase*/the 
so il nitrogen content to 6.5 per cent as a result of
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RMgoMma inoculation* %\w variety 534 recorded the nltiliiEra 
im roes© in nitrogen amounting to 1.7 per coot only. Various 
reports froa previous wxeh&so alao prevail that there was 
significant increaao in native so il si brogen by gMjgpMua 
inoouiatioii (sohu m& Bahara* 197.2| eiharosi and S&la&t 1974; 
Mathon gt 1979 and Kcfes and Patil, 1981). 5?ho present 
investigation showed that there woo slight increase in soil 
nitrogen con tout in the control plots also and i t  ranged &on 
0*4  “ *  3*8  par cont. But tho statistical analysis sheared that 
the nitrogen fiseed in the RhisoMum inoculated ploto vjss 
significantly higher than that flsed in tho control plots.
She increase in soil nitrogen in control plots may fee duo to 
tho presence of rhisobia originally present in the soil*

la go nerd a favourable response for a ll too plant 
characters was obtained by the inoculation of RMsohia strain 
on o il of the ooapea Varieties# Stanford and Hootuna (1976)* 

~3c3a (1977)* Bagyara;} snd Hegds ( 1978)* RoEaohanclran (1979)* 
SiVopraoad and ShivappaGiistty (19S0) and Ilair and 
glvapraoad (1981) have also reported similar response by t o  
inoculation of Rhlgoblua strain in cornea*. Ehe effect of 
Rhigoblma inoculation in cowpea varieties 011 a emulation Qnd 
other plant characters and interaction botoon PhisobiuB and 
varieties were shown in Mg. JMO* Certain ©seep tione to
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the above gjpneii£L observations was d e c  noticed* Bhisobltta: 
inocuLation resulted in Mghsn plant height at the tirse of 
floworingt but statistically i t  was not significant* such 
resuita were reported by Bagysraa «n& Kegds (1978) that in 
cowpea increased hod ulatiori End dry weight of plant top ■ 
oooirrscl t bat was not statistically ei&nificj£&1i. Sivaproooft 
and Sfaivoppaobetty (1988) also reported that there was 
significant increase in nodule number and nitrogen content in 
ccupea inoculated with strain 18-3 and IS-12.* But the increase 
In nuaber of nodules and nitrogen content of roots were not 
found to be significant* In the oese of interaction betueen 
varieties and nhiiEPbiam. there was no significant effect in 
nodule' dry weight, plant height, and plant dry weight at 
flowering tine and plant dry weight and yield at the ttras 
of horrent, cventhough the values wore higher than the control* 
Similar result was reported by ..saxsna and Singh (1978) that . 
by ahtgobim inoculation in gram varieties the varietal , 
difference© .were significant, but the interaction between 
culture and hoot variety was not significant. ,

A sera coselasiYe result would hear© bean obtained by 
including, e.tsae asra observations life© plant fra oh weight?, 
nodule fresh weight, loghasaogLobih content of nodules, 
and root and seed nitrogen con ton t  whi qh could not be token



during the pro cont investigation, some important varieties 
like Ptfb-1» Pusa~2 and 0122 did n ot,peri era well in this 
experiment. Shis Hay bo due to the difference in the ooil 
reaction er d iaatic conditions# sometimes the so il environment 
affect the survival and perniotanco of rhlcobia, or there may 
be competition with native rhiaobis. So couple to absence of 
native population of rhieobia should be neoeeoary and that 
would bo assured by selecting tho field  which was previously 
under ncn-leguoo crops* at least in the known recent post.
2 h io  study was on ly  o f  a  p re lim in ary  nature, d e ta ile d  studies 
era nooeoGory t o  understand. the performance o f  d i f fe r e n t  

v a r ie t ie s  under v a r ie d  agoo~ clim atic  con d ition e  b e fo re  

a rr iv in g  a t  d e f in it e  con clu s ion s  on v a r ie t a l  response o f  cowpea 

t o  fthlgoblum. She most respon sive  gonotypo* can bo Id e n t if ie d  

and used by breeders f o r  deve lop in g  v a r ie t ie s  f o r  improved 

nodulatlon  and n itrogen  f ix a t io n  p reserv in g  a l l  agronomic 

characters and y ie ld .



SUMMARY



SIM-IM

An investigation was undertaken at the Rio© Research 
Station* Kayanikulam during the summer season of 1331-1332 
to study the varietal response to Rhigoblam inoculation in 
covpea under fie ld  conditions. A fie ld  es^eriaent wae la id  
out t& i  2 x 10 factoria l randomized block design with three 

replications.

She plants were maintained t i l l  the harvest and observer* 
tions m  nodule number* nodule dry weight* plant height* plant 
dry weight end percentage o f nitrogen content were taken on 
35th day after sowing. At the time o f harvest* plant height* 
plant dry weight* percentage o f nitrogen content and yield wore 
taken. She symbiotic e fficien cy  o f the HM eoM um strain on 
different varieties was observed on the basis o f the above 
characters.

In the present study on the reopong© of d ifferent cawpaa 
varieties to rthisotalua inoculation* i t  was found that the 
Rhlgoblun inoculation resulted in  significant increase in 
tota l number o f nodules produced. She variety 534 wee 
considered as the best variety in  terms o f mean nodule number 
production. She lowest nodule number was recorded by the 
varieties V-57 and 779. In the case of nodule dry weight 534 
was considered as beat variety. She lowest nodule dry weight 
was observed by the group c£ varieties including 0152 , Bg-22,
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o V-37 anfi Ptb**1 • With regard to the yield elso the variety 534 
was the best one* In this case the lowest yield was recorded 
by the varieties C-153, Pusa-2 and 553* so with regard to 
nodule number, nodule dry weight and yield, 534 was tho best 
variety*

In the case of plant dry weight, the varieties 531, 534, 
522 and 533 recorded the maximum dry weight at the flowering 
time. But at the time of harvest V-37 r a corded the maximum 
plant dry weight* Ehe lowest plant dry weight was observed in 
the variety 0*152* _

With regard to peroontage of nitrogen content, tlie variety 
551 recorded tho maximum nitrogen content* she lowest nitrogen 
content was recorded by Pusa-2* (Dheoe observations, therefore, 
indicate that tho host varietal specificity of rhisobia as seen 
here is not absolute* Shis type of varying as00elation is more 
of a host determined phenomenon*

In the present experiment, the Variety 534 recorded the 
maximum number of nodules* But at the same time high nitrogen 
content of the plant was obtained in the variety 551* She 
association of this Rhisohlua resulted in maximum nodule number 
in the variety 534, but it  resulted in significant reduction 
in nitrogen content, she high nitrogen content was resulted 
in the variety 551 and less nodule number than the variety
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534* Eho correlation s-feidy proved that there was no signi
ficant correlation between nodule number and nitrogen content*

Results of the present investigation shewed that the 
highest nodule number and yield were recorded by the variety 
534* But such a relationship was not seen in other varieties* 
She statistical analysis showed that there was no correlation 
between the nodule number and grain yield*

She last part of this study was to investigate whether 
there was significant effect on native nitrogen content of noil 
by Rhizoblum inoculation* The result shewed that there was 
significant increase in nitrogen content of a oil and it  ranged 
fee® 1 *7 to 6*3 per cent* The result also chewed that there 
was slight Increase in nitrogen content in the control plots 
and it  ranged from 0*4 to 3*3 per cent* But the statistical 
analysis concluded that the nitrogen fixed in the Bhisoblua 
Inoculated plots was significantly higher than that fixed in 
the control plots* ,

Xn general a favourable response for ell the plant 
characters was obtained by the inoculation of Bhisobiun strain 
on @11 of the cowpsa varieties* However* certain exceptions 
were also observed* RMzobiiun inoculation resulted in higher 
plant height at the flowering time* but statistically it  was not
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«
significant, In the eas© of interaction between varieties and 
RhiaoMua* i t  was found that* statistically there was no 
significant effect in nodule dry weight* plant height end plant 
dry weight at flowering tiso and plant dry woigbt and yield at 
the tieia of harvest* even though tho values were higher than that 
o f the conted plots. ,
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Effect of rliisofclal inoculation in coupes (Viana rmguloul sta) 
on Modulation and other plant characters at The floorin g  timo.

Analysis ©f variance table

Appendix-1

source 6f
Total Dry
number weight
©£ of
nodules nodUles
per per
plant plant

g*

Mean square
Height
of
plant

era,

EotaX
dry
weight
pea?
plant

g*

Nffcjogen

content
per
plant

5i

SotsO. 59
Replication 2

Variety 9
Sreataent t
Variety x 9
(Jroatsent
Error 3B

* •
45.94

697*24* ft
's*1064.90 

40. 22**

3*33

5.02■**

5.6?*•»

3.73
1.02

0*44

-Sir

» »
307.60s
110.25
24.59
27.45

21.70

* m .  ..
MM

650.06 0.004
** **425.04 0.591
** *«

036.26 0.793
23.56 0.009

97.94 0.004

** Significant at 1 par cent level of significance



Appeii&bs-II
Effect op r hi social inoculation in cowpea 
(Vigna asiffjl.calata) on nodnlation and other 
plant”1ol^aVter^ at harvesting tirae.

AuaLynie of variaseo tabls 

He an square
» > itM ft  triyTM tjl

Source d£
Height
of
plant

Total dry 
wight per 
plant

Yield per N/h^contoai 
plot. por plant

cm. £* hg. 55

Total 59 * * « , - *. ««
EeplicaUca 2 54.99 532,26 CM25 0.0013
Variety 9 8247.74** 4249.66 ** 0.232 0.3850s*
Sjfea'fcmeat 1 3130.23** 3760.41**

JM.~W
0,50? 0.3430**

Variety %
Treatment

/

9 343.26** 614*82 0.023 0.0014*®

Srrsr 38 29*2? 494.86 0,05? 0.0025
- ... -l. —i rr T~“—r~‘-'T̂ frr i ~ i —i tj—I ' lr r v rimr unnniiw Mini mi mi

* Significant at 5 per cent level of significance 
#* Significant at 1 per cant level of significance



Appendix-IXZ
Increase in soil nitrogen by inoculated 

Gowcea plants

CQ®>0£\
varieties

nitrogen 
content of 
so il 
cefcsra 
cultivation

Nitrogen 
content of 
so il 
after
cultivation

Far cent 
increase

534 0,0460 0.0463 1.7
V-37 0.0420 0.0455 3.1
522 0.0460 0.0470 2.1

Hg-22 0.0460 0.0476 3.4
0-152 0.0550 0.0571 3.0
551 0.0340 0.0362 6.3
Puoa-2 0.0340 0.0351 3.2
779 0.0460 / 0.0472 2.6

PtM 0.0390 0.0613 3.8
535 0.0350 0*0565 2.5



Increase in 8013. nitrogen by non-lnoculated cowpea
plants

Nitrogen content of 
poll

n w — s w » m n > m n ^ w w *  mm m* — — »—  Per cent 
Before After increase
cultivation Cultivation

Appendix -  IV

534 0.0380 0*0382 0,4

V-37 0.0380 0.0388 2.1

522 0.0420 0.0422 0 .4

Hg-22 0.0430 0.0435 1.2

C-152 0.0550 0.0562 2,1

551 0.0380 0*0394 3.0

Pusa°»2 0.0290 0.0296 2.1

779 0.0420 0.0426 1.4

p tM O.Q550 0,0557 1.2

523 0,0420 0.0429 2.1

Cowpea
varieties
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ABSTRACT

An in v e o tig a tio n  was undertaken a t i&e R ice  Rooooreh 

s ta tio n , £ayaa&alo» during  tho samser eecoco o f 1981*1902 

to  study tho v a r ie ta l responso to  Rhtgobiuas in o cu la tio n  In  

cowpea under f ie ld  cond itions*  Ten v a r ie t ie s  o f cowpea,

C-152, Ptb-1, Puea-2, Ug-22, 522, 535, 554# 551* 779 end V-37 
were used in this experiment, she Rhlgobium gtrain 6050 was 
used far the inoculation*

A field  experiment woo laid out as a 2 x 10 factorial 
randomised block: design with 2 levels of treatments and 10 
levels of host varieties. IJcdulc number, nodule dry weight, 
plant height, plant dry woight, percentage nitrogen content 
were talcon at the time of Hovering* Plant height, plant dry 
weight, per can tog© nitrogen content and yield were taken at 
the time of harvest*

The variety 534 was found to be the best variety in terms 
o f nodule number, nodule dry weight end yield* In terms of 
plant dry weight, the varieties 551» 554, 522 end 553 were 
found to be superior at tho Honoring time. At the time of 
harvest, -the variety v-37 recorded the maximum plant dry 
weight* she variety 551 recorded the maximum nitrogen content 
o f the plant.

Tho correlation studies showed that there was no signifi
cant correlation between the nodule number and percentage o f



nitrogen content of pi out and also between nodule sunber and 
grain yield*

The study cu the effect of Rliigoblua inoculation co the 
native nitrogen content of ooil revealed that there wa® elcni- 
fleant increase in the nitrogen content and i t  ranged free 
1*7 to 6.3 per cont, Shore woo alight increase in nitrogen 
content in the control plots also* But the nitrogen fiatd in 
Ehlsobfun inoculated plots was si^iifionntly higher than that 
fixed in control plots*

i

In gsnerel a favourable ronponeo for a ll the plant 
characters was obtoinod by the inoculation of Rhisobiaia strain 
on a ll the coupes varieties. However * certain ©xcaptianB were 
also observed. nhigohlaa Inoculation resulted in higher plant 
hei©rS at the flowering t i c s ,  bat statistically At was not 
significant. In the case cf Anteractien bsteeen varieties 
and Rhigablma. i t  vj&a found thaty statistically there was no 
significant effect is  nodule dry wsight* pleat height and 
plant dry weight at flowering Use and gldat dry weight and 
yield at th# t ta  o f harvest* oven though tee valv.ee t-rsra 
higher ther* that of the control plots.




