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{Allowing the fuadBKental disonvories, node prlaoipall]^ 

in the last m» 4lNI«#MI • f the nineteenth centuiy, tstiiefi 

revealed tiw •MMit i l f«rt vitieh soil bacteria plajr ia the 

•eintenenee of soil f er t i l i ty , considerable attentibn wan 

devoted to the question of adding culture of baoterin i» ifei 

soi l or epplylBg tbea %@ the eeed «ith the object of ejcertin&, 

• •ItMOattli vff«et on plant givirtli* tegunlnous crops «?ere 

the chief subject of study on account of the peculiar 

relationtdiip which th^se plants bear to special groupn #f 

•o i l bacteria* 

Many of the earlier attiafi* at soil or seed inoettlMili 

»• ! • unsuccessful due to iMk of intiiialM fcjil^liiin of tM 

Witteria concerned and of mtltihl^ t t t e U t for applylig 

tiliV* Abont the prtt i l l •••illlf» iMMver, i t «ras f irst 

dM»ttiH«i«d la the fi«ld am ««II • • in the lilMtmtexy, that 

ptwltieal use could be wuti» af aMiag aaltafas of aertain 

bocterta to soil or wm^ ia MIW up for a natural defioi«H|pF 

of thoHe bacteria in tha aatl* In later years, fnrtber 

inveatlcattena lunra iiaivad ta a^p&ala al̂ r «ai|r af the 

earlier etteeipts, conducted both in Europe end AKorioa, 

aaaaaaaaafol, and have davalopad iaprovad aethoda ^^ 

pMpMPllli Ipd distributing cultures with the result titt 



iliiisy the InoGulatioB of l i g l i B Is s r«eo$ii&Ma aid 

to faming* 

mw Mffir ««titiiri9» &l has boon reoogntttcd ttiat p t« | i i 

i^« ig |«g to the l«iMi«l«BWi fMAly differ in a atrlkiat 

fasiilon froM other cuitivataii plaata in the eftaci whieh 

tkm «rop gro^ th pro4«ii9 upen tiia fert i l i ty of tha so i l . 

The ouatoB of tneludi^f • l l g l i orop in the rotation »«i 

^ • i i i upon the oiMtytttiloMi til«t the productivity of the 

• • U ! • notioeably boUMP UlUmtm • goo^ MM">̂  of 

lAiMMS «• beaar, !•«•§ •!•«•«•» retebes, alfalfa eto* • 

than after acqf ^aan-olegoRiaotie orop. Even in Î Mi t tm of 

tM BoBiana, i t t«aa notloed that, nhen eertain leg«MMI 

mmm mimm i s a field« « Mltoanuent orop of BoB»»liillta^ 

•ioifed iMproved growth, the e3Q)lon*tion of tim aitt9wmtm 

botwoen legume and non-legOMNlt ho^aver, ««i iMIt foiiod 

ont until towards th« •«! of Ipat oentury^ wlMI t t »M 

ahown that theae %«• gionpa of plonta differ with raapavi 

to tho Banner in which they obtain their supply of 

nitrogen* I t WIM HimwmmA tiist WIMMMM all aon->legttnea 

are dependent upon the anpply of nitrngen in the soil» 

legumes uiMier certain oondttions am title to MlHI tnie of 

tlM nitrogen of the otaaaj^Mr** Fy>nr->flfthe of the air %» 

ooBiposed of nitrogen and legWMaf by drawing on this snpply 

whieh Is quite unavailable to otiier plenta, are able ta 



conserve In a lorgo neasure the sapply of that eloaent 

In the aoll* I1ius« biological nitrogen fixation Is one 

of iiAtttro*B Important efforts for the nnlntenanoe of 

soil ferti l i ty* 

This biological nitrogen fixation Id nalnly earriad 

ottt hf ttloroorganlsffi^* l^o Major groups of baataria, usually 

designated as synblotla and asyablotle foms are prlearlly 

oonoarned In the proeass* Bsaldea thesat aena fimgl and 

bltte-green nlgoe are also known to fix atmsphorlo nitrogoa 

In varying quantities* 

Rhiaobia fix up nitrogen synblotloally la aaaoolatton 

In the roots of legiuras* The root nodule» which ia the alto 

of their activity, can be celled Miniature nitrogen factory 

of nature* Aaynblotlc nltrogen~flxlng adorooinanlsBa do 

the aawi Job Independently by their own anzyelc aetlvlty« 

The Importance of biological nitrogen fixation la 

relation to soil fert i l i ty has been recortnlaed simjo tho 

diaoovary of nitrogeo-flxing Blcroorganisiie*Aa reported l^ 

Wakaaan (1082), riiitner obtained an Increase of 17 * 30 fiiees 

the yield for lupines snd 15 - 80 tl^es for sorradella by 

laoculatlng with rhlKobla* itm has also reported the rosulta 

of nitrogen-fixation ver Ing froa IS to 350 pounds per 

aero. Froa tiees lai^eaorlal, the practice of alxod oroppitig 
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i s follovmd in India g«n«rBlly with logWM as on® of tha 

•ixed crops* Itiis soggasts that even aooient Indian 

farmers wore awara of aoaa Itentjfits of growing legunes* 

The aoils of the tropiea and aut>tropics bava very poor 

nitrogen «nd organic natter oontenta as ooav^'o*' to thoiM 

of tenperote climate. Soils of Gujarat, in general* are 

highly dofieient in nitvt^gen and organic natter* 1 ^ leval 

of nitrogen in tiujarot soi l varies fron 0*03 to o*os per cont 

(Yadav, 1962) as against 0.14 per cent in European and 

Anorioan s o i l s ( P i l l a i , 1964)• The organic carbon content 

of our so i l i s also low and i s of the order of o«6 per cant 

(Todav, 1962) am ngainat 3*0 por cent in f^rope (Fl l l« i« 

1964).The tenperature in naiiy parts of India, including 

that of GttJIarat ia high during April, May and port of .Itmo* 

Undor siioh hot climate, organic natter burns l ike fuel 

and( unless this i s replenished every yeoTt the lend wi l l 

eeaae to he ftirtile* I t ia a fnet that far»»yard nanure 

and coBipoat axe not available in suff ic ient quantities to 

•eat the fanmrs* neede to keep up the f e r t i l i t y of the so i l* 

me oonbined goal of nainteining higher atatna of 

s o i l nitrogen and organic natter can be achieved by the 

practioe of green-MMiring f in which incorporation of 

leguninoos crops In the so i l provides the necessary oheisioal, 

physical and biological conditions for optiauM growth of 

crops, including specif ic supply of adequate nitrogen In 



Tlie prioolpal leguBtnoua empm aost widely tt««<l 

for this purpos0 arc S i î 

" iiinifniw '"r^rr—l' rrifr' 
a, lillî nffhft (Sfffbftffifp nffu|9ft̂ ft>, 

a« fiiî ay (CyfMwpati f tragoBPlolm)* 

Other oroiia like s««b«ol« a#ityi>tiiioa and Seabanta 

•WMiloaa. whioh am aora raalstant to «rator**logr,o<l and 

drought oonditloos roapeotivoly* aro alao uaed (liirohandatil 

ma Khan, 1952). 

Vaobhanl (1961) haa raportad that, for »«t areaatoroiHi 

^^** ditaincha (SaabanJa aculeata) ara grown* Bealdaa thlo^ 

na« latroductiona like ^aaohypowaoa aiwrtcaaa and Pt̂ aaaô ns 

aaadwaractua are availabla* For dty oondltlooai, aanntwji 

(Crotalarla Junoga) la reoonmiiided* other qulok-growlng 

lagualnoua eropa Ilka •amg (Phaaeoloa aarauaKudId 

(Phaaaoltta wi^go) and newly introduced cropa like 

£Uii£Sfii:ft> Crotalarla uaara»ienala. and Caaaia leaehei|a^^^.^tn 
Ok̂ e a\5o Msed-

>"«>- KSSkk Boaaoti, fi^pftfts (n&fiJI mUfffiffili) and AnaH 

(MSHIMSl ££• )<><*n <̂* grown and for kharif aeaaon 

aaonheap and gw^ar ara aottoble* 

Grean-Bianurlng haa bean adopted throughout India for 

rioa oultivatloa* liioa la oultivoted und< r »«ator*loggad 
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eondltlon In mt^ states af India. In the coastal traetst 

tbe land i s andar wBter-log^ad condition end both anllnlty 

end allcallntty develop In those 8oils«Greca<-Bantirlng la 

praotiaad umier auoti oondltlona also as a renadlal 

B(̂ 88ure« In Madroa, Tenhroala pnrpnraat saafcanle nculaata* 

saabanla spedoaa. Phaaaolus trf^obua. I.qd^of^ya t^po^rtQ 

«n* G ratal aria 4ttqcea are usad as gFoen-iuanure crops for 

rioa soi ls (Chalton, 1061 }• 

Tho »aia a(!vaati«es of greoo<i4Banuring are t 

i* It protapta the aurfaoe soil t 

A greaiiHPsaaure ornp protects the soil fron the 

baatlE^ action of rains* tliereby preventing eroaion* It 

alao obatracts the snrfaoa floiv of water and thus pemlta 

laore water entry into the soil* 

A gree»-nanure crop grows very rapidly and thus 

snpprasaas the i»ead g;rowth« 

3 . It l»pr<Hres soil structure t 

After taming ln» an nverage green^Banure crop given 

8«>iO tons of sricculeat organic «atter» which qatcicly 

deoonq^ses in the soil and iHproves soil structure* 



- 7 -

4« I t tnoroaaca i^yai3ability of plaat nutrteota I 

Qro«a-miiiur« ot^ps al>«orb initrioiitii from the s o i l and 

the leguninotis onesi vblob are always proforrad, f ix 

aitrogen fxxw tlie air* Tti<?a« witrienta are retainer} in thQ 

plaat tissue aiul are Bade aTailable to tlia sooceeiling nwop 

as they get eonoetitrate<l la the aurfaoo so i l when the 

graer. -aaiMire i s ploughed under* "itiea fresh organle natter 

daeoMposest oarbon dioxide la avolvod vhioh a ^ e s the plant 

iHttrlents BK»re soluble and therefore readily available 

to plants* 

5* It tnoroeaea the biologieal act iv i ty I 

The daeonposing organic natter ehhaoaOs the nierobial 

act iv i ty therely l iberating B»re plant food for oonausption 

by crops* 

6* I t reduces loara of nitrPKOH applied as tertill^i^r solt, t 

I t has been obsorvad that i f aitrogesjoita fert i l laora 

l ike sodiuai nitrate and eiseionliin solphata are applied to 

alkali so i l s* thmxm i s an appreciable loss of nitrogen* 

fhia loss i s , however^ checked appra«iably when organic 

natter in the for^ of a green »anure such an Crotal«rt<| 

Jancea i s added to the s o i l (Mitra and Harlahankar, 105n}« 
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For obtaining %MMtioial r«salt«, howoTor, i t la 

MMHitAiy that th* ve—ti^mmmm erop sHotiid !>• ploi^hed 

into the iMil at loaat mix weeks before soniog IM» »• to 

pro^de tii»« itir Mtt»f«otojry deooB|)08itioa aat ^ i 

•ItHne^tton* se«ondlr» ttmm should be suffioient 

•9l8ture supply to the so i l , f̂hen the plants undeyit 

«MMqpMltion in the eo i l , the soil i s benefltid hy the 

IIMIM WMvounds, whleh InortM* Um ^Aaorptive onpacity 

• f the so i l , pnM»t# Miration, draiMtt « i i srannlation 

eonditions that are extreiiely luportant in sueceeajria 

p l w t fvavth (Ly9« aad AwlimM^ 1943)• 

S^p^ripenis on the study of the effoot of greM* 

vanuring on the suot̂ e«tfl«g «•«»§• JWMPSiftfiown that iwi i i i i g l 

yield* iMQp be obtftiBed for as leag m five years after 

ap|)lio«iliin* JoMhia ( i93t ) , howev'^i states that iindor 

tvopical eonditions the effoot of green^aamiriiig siay lost 

for only about ats liaattM • • §m M soi l nltroien &• 

conoeraed* Sii^l«rly, i t has been reported by Foggles 

and Cmm0mBn <i@30} that m Eaat i^frlea the effect of 

^mmmmtmHm vitli mmammm (Crotalaria itaicea) lasts 

only for oat year* 

I« the prTOtiee of greMMMMMfftlg* tlM m^w0§-m unvtll 

• i irtiil^ Um ittet) manuvt |« |A»«ihed Into the noil ! • 



V»ty tMftrtaot* If tk% gi««î f̂lwimire la ploughed 

II i.Hti,me fibrotia, t«e* whoa It ts about t^o iniiths old» 

It MMI • wmmm ctN ratio Ml IIII»»CMI tn- M|;itiiii|li.^ l i i l ly 

availablo In ttee «oll« when tiMl gffieil Wtlmr IŜ ^̂ Î̂  i t 

beoone flt>xous» Its CtH ratio |« vl«|| Md It doooinyiiMH 

vltli gjreat difficulty In the soil* 

During the prbiem of detfOBpesltlon of green nattert 

eonsldMrttMe quanutiee • ! MI^MNI tflexido aai MNM Wide 

are produced, the cartion dloadlde, i?h0n dissolved In se l l 

water'Al«ttg with aeldet helps to bring Into aolution 

Minerals eoatalning plant nutrients froai their o«rn tIsBues, 

wMlliies the tfeiMMil wi««vl«| In the soi l aai MIMHI II 

airallatile to the eucoeeding erop* 0|i|M^ predfiots of 

ieooBtpoeltlon are Ralaly •MWiICi i^trltes and nitrates 

(I'yoA mM mtlMMlt t««9)« 

Hie ee«pMi|t|o0 of plaat aaterlal playf IMI iBperiMi 

pnrt i a U» dnMpoeltlon proeess* Xt hae been found that 

$mt Hui llinrntlon of mmmwAm ams nitrate frm green 

Mitsrlnt burled in the so i l , Its nitrogen content should 

«nt be IMS than 2 per cent. MMt green-«MMre mater lain 

IMM nItrogM tontent eenalderably higher than this 

•lAlMMt Henne their Ineorporatlon In the sol i iiiottld 

IMult in the | | ln«««lM of 1 M | « MiilWl* •< available 

nitrogen (wak8Bi(̂ n« 1929)• 
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TiM legunlnous orops f ix oitfogen froM the atnosphGro 

tlurottgli tlie root-noduloSf which hartmur nltrogon-f Ixiac 

baeterla* For enhanoed aloroblal aollrlty^ to f i x ataoaphorie 

altrogon, baeterle need an adequate supply of plwsphonui and 

•olybdonuB. 

Slooo phoaphoma Is found In mvery l iv ing c o l l i I t i& 

easoatlal tor phot08yntheslB« break-down and syntheals of 

iinrlHihydratoa and tranafor of onei«y through the fonuitioa 

of energy-rloh phoaphato Imnds ulthlm the planta* Phoapfiorua 

Influoooea the vigour of the plaota ^nd iaprovoa tho 

quality of crops* V̂ hea supplied to legunlnoua plants* I t 

iiaatons and encourages the developaent of nltrogo»»flxii^ 

baot^rla* I t prom tea root»growth and encourages fomatlon 

of new e e l l s t which result In higher aawtunt of mitrlent 

uptake end Inerensod yield* 

Itolyhdenua Is oonsldt.red particularly beneflelal to 

logwilaous crops* I t Is essential for the f ixat ion of 

ataospherlo nitrogen la the root tiodulos of legusuis* 

The present study Is baser! on the Investigation of 

*Mologloal nitrogen Fixation In Geradu soils' ' carried out 

by Patel (1965) fit the Institute of Agriculture, Anand* m 

•todlod the functional and })hyslologloal characters of 

i^lzobla and Isolatei! various e f f i c i ent cultures of bacteria 



fxvii the root noftules of vnrioua logmo crops sucli a« 

Chftiili (VUna »i).). and 212̂  (i222i£i22£ lnULSk U ) . 

ilio selcBOtecj bacterial oolturcs isolated by bUi were t 

,̂fP»lll«F«P Cj, Gtitfny 027©/l» f̂eSHUL 63^ and VaJ, V^ .̂ 

Thoee eulttiree were need for inoottlatiOB of respeetlvc 

legime seeds prior to sowing. He reported tliot aoil nitro{|ea 

did not Increase \y the use of green-anourlng praottoe 

along with bacterial loeoulatloD* liottever, It mist be 

stated that the aaall avonnt of Increase la the nitrogen 

content of the soil B»y not be reflected In the deteminetioB 

of soil nitrogoB aadc by the well-known KJeldahl aethod* 

Bat the inerease In nitrogen content of the soil i s llUely 

to be reflected la lapioved grovth of the succeeding 

eereal crop* Themf^re, the present investigations iarolvtiig 

the growth of wheat crop after decoapoaing the greea^aanuro 

crop grown after Inoculation with the selected cultures of 

asnnheap and guwar. was undertaken* 



Chmpur - IX 

mwitm of I t f r a t a y * 

Oro«»-«eiiitrliig la tlie 8«ii««e of soi l fer t i l i ty for 

iMittor crop prodtiottoa toa IM»«B upprooiatof! for m long t l^it 

•apeoiallf by progrossivo faitBoro wlioao oxpertaneos havo 

oontrtfcatad a grant deal la tlie aolotloo of tlia pmblaaa 

invjplvad* She aotentlfle agrleulturiata hava lagr.«d Ibehiad 

IB intarprattog «alna aada and In axplaining fallara8« 

tharoby oaualiig eonfesiott and nlaanderstanding on tbo raltio 

of grtmn laamirea* ttouiita aro oftaa axpraasad on tlM 

uaafulneaa of graaa*»BeaurlQg« stnoa legnaoa aro prafarrad 

aa Kraa»*«aBure orope, the tfoilc dona en tlia offactlToaana 

of lagiMM graon»Rtamirtî  i s raviawad firat* 

Sen ond Balna (1052) raportad froH their field 

axperiiienta at I«A«R*I. Fara, Ha» Delhi» that the yialdbof 

oareale obtained fro» greeaniaaured plota were algnifiaantly 

higher than thnae obtained froB noB^reeoHaanured plota* 

riaaponse of aheat yields to different green<-Banure 

eropa waa atudlad by Agarval (1956) at Agra* He attidiud l̂ ho 

five kharif leguame (iwoBg t«i} AiBfil* iS&£S« oof̂ P** aBd 

ci^ina »0eBg) ead two tt@tiu>d8 of burial (whole platit and 

root only)* Sana^ proved to be mat aoitable greeB-4MiBara 

arop for whê t̂ for the tract* 
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ICbaa and Mathtir (1957) studied tti« «ff«et of Imfyiiv 

«aanitoM» aa groott ««mi»« on tn« yield of wheat at T .A*TUX#9 

liiew Delhi, ile eoaeluded that greeovsnauring ia a prootioo 

of Hininga*. In eaao of fallnrea oorroct tiainga should 

He looked into* Tk9 t̂ ĥole teehaique in haeed on the 

oorroet intervals between soiling of greenHanmire* i t s 

tboiying « under end iso»ing of wheat or«i|i suoceedii^ I t 

(8 wesks in ttoth onsos)* Application of phoaphate in 

oonjootion liitb green oanuro was found profitahlo* 

Ghaodnani (1906), worlcing at I«A«B*Z»» Hew Delhif 

found Ineroaso in yield of wheat orop siMfending 

greeoHBiritiiirittg • 

Mann (1958) isade an e:«;tensive study on gyeen-4iianuria6a 

Aecording to hlBt green iMnure, awl ospo^lnlly • highly 

nitrogenous green auinuira, has an approeiabls NMStrlal wadltuw 

when i t i s utllitBOd at onoo l»efore i t e value i s part ial ly 

ioat eitii«r throt^h dralnnge or from other o»tises» MMI 

I t wi l l therefore IN) Most effeotive i f the crop, whioh I s 

Intoiwled to hennflty i s grown veiy soon after the greoa 

mumt^ i s buried in « ewll In whioh ooi»flltlons mrm 

favotirahle lor i t s rottinr* He further ooooluded that tho 

offo*t of the burial of lupins as a gre«a-«aaure orop 

was very tenporary nnd disappears ooKpletely after the 

seoond orop* 1*here i s a s l ight beneficial effect to a 
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•ti«c««dtiig 9t9p iwmt thm mtiw giowliis of • gr««ii«afttnr« QI«P 

of luplso or rotiMo* Bo also o««^4 ttiot tbo oddtflon of 

fona-yarti neotiro to greeo namireo at the tine of their burial 

did Bot BAiorially affoet the it̂ KOdiate benefita obtaiood* 

that the of foot of grooo-Hieniiriiig i s t@»poro>y ŝraa ahoi«a 

oarlior alao W Crowthor and Maaa (1033), rrho ooncluded that 

tho aaiMirial valito of groen-aaainro oropa «ist bo atlllsod at 

oneOf for othrviao l i t t l e bonofioial effi^ot itiXl bo le f t dao 

to leaohiBg of mitrtoota* 

BeloaRl and ^mmpily (1659) reported aigotfioaiitly hishor 

yiolda of paddy after creen-HiBanriBg with ^aiaoha (Soa»a«la 

MmSmmUmSSm' * 

(1962) 
Oavidoaeaa ot el« /pieve oonolodod that higheat yields on 

•arahy allovlal ooil were prodooed b̂ r ploughing doira poaa ae 

ffooa »«iif«« with iroteb and aoeet olover aa aeoond boat 

ia effioiODoy* Qm a leached ohemoaoMf plo»ing">do«n of FK» 

fortiliaed lopia on the stobblo «aa aore effeotiio thaa 

ooBploMonting tho groea aaaa of lupin with to toaa/heotaro 

•aoure* 

SohaaffhaoaoB (1963) woifsid on ooonoaioal »ethoda for 

aaiag the logoM M | c » o f 1§»M *»' •oi l inprovoiwttti food 

and food and coaoliidod that the leguae orop doubled tho 

yield of KaiM* 



Sen (l©6d) mm stiown, ta lit* study of ttie «f leot of 

llabMi olov^r em a groen-aioiiure crop la wtteafMialiie rotation, 

that tNist yloldls resulted wliett tlw who at waa givtwa with 

Ifiyibaa elovwr far t l l tsad «it l i phoapiwrua end tho olovet* waa 

tliaa burlad for graaa-aaanrlag bafer® th« saizo erop* 

Aaiblka Sioi^ (1963) ha« Qhmtrwe^ that 50 |wr coat of tha 

Iteaaflta of graaa^naaartac aould Im obtalaac! la tha fora of 

Ineraaaad aucafwaeaa yields evea wlwa tha abova-greuad 

portloa waa r«BOiad« Graon-aienuring with aaatihawp l e f t 

l i t t l e or no msidual effect oa the soi l am SHiasarad by tha 

Mioaat of organle oarboa aod the aitrogaa la tha aoi l after 

harveat of the followlag arop« A alBl lar reatilt waa alao 

reported ear l ier by Mehta et al« (1986)« who ^ stats^ tha* 

organic isatter content of goyadn soi l of Kaira d ia t r le t l a 

Gujarat s whieh ^ms about O.s per oaat before iMosoon, waa 

foui^ to be 0«9 per cent four tieeka aft^r sai»ihwB> waa buried, 

but the inorease l a the organio aatter mmtaot waa 

teaporary and praotioally whole of the adda4 orgeaio eerboa 

diaappearad la alna aoBtba* 

Apltaner aad Skopalikova (1963) studied the effeat 

of graaa-aaaurlag oa the uleroflora of tha aoi l * fhey 

aoaaluded that the aieroflora of tha aoi l depead aa atueh 

oa a aarrow CtN i^tlo <aa exiatlag with white elovar and 

f i e ld pea) aa oa the aaouat of graea mmf ploughed dewa. 
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PIl lAt (19M) li«« AlirTWB* la hia sttifiy oa tii« eff«et of 

orgenle «eBar« e« pre-requlslta for tnoroiiMMl application of 

oh«»ie0l fertllissArs» that a baaal applleatlon of 4000 to 

•000 lb* of ftroMl wnure per aera la aaaaatlal for a iiaxlaiwi 

yield of patfdjrg avaa wltb raadily ava&lalila natrleata la 

the fern of laoiiaale fe r t l l l ae ra l ike aaMittliiK ataphate 

aoi aai^rpteaiiNUitta* He haa also reported ttiat organlo aaauraa 

also add ^ a M t a a a i y alaor eleaeota whleti are uwm^IXy 

leQklag l a rariooe ^lieiiloal f e r t l l l a e r a . Hielr realdual 

effaat la alao veisr great. l a aK»at of the eKperl»eata» 

ooKblnatloa of orgaole aanurea anil ehesloal far t l l lBata itava 

ttroofiit eooaoaiael yield for a long period* He im» alao 

raaoHiaQdacf, for tbe aolla eoatalning organic aattar l^lov 

optlKaa, liewrlor doaaa of organic naaarea before applying 

aa|r anounl of oheisioal f e r t l l l z e r a * 

@lagli and ali^a (1064) reported feaulta of graen-Huuiurlng 

of wheat la Bltor aad optlaiai doae of gmiea natter to tie 

ploagh«d under* They ^jaditctecl the experlaants for a period 

Of fear yeara aa graeavaanuring or viheat with lAplaga of the 

peranalal plaata* fisey ohtalswd aoo-»algnlfloattt differenoea 

la wheat ylelda« 

Baasak (1064) atudled the effeot of graea aaiatrea la the 

Irotatloa oa yliAda af aeaa iragetablea* He ahowed tibufti, on 

fa i r l y ao^paat oli^ey se l la , plonghlag down la 8ua*ar of 
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properljr fertiltxed spring «lxtai«« of vetofi-pea-beaa or 

bliio lopiao-oats or wlator r^teh l» |«ro otond, ouppllod 

lario aMoimto of nitrogon luNi woo • good ttilNifitato for 

MiMiro lo vogotaUo oropo* 

Tlio fortlltalng value of ao»o organto aaaiirao was 

atu^imd by sbmm^i and Haviaaa (1964)« fti«y found tiiat 

dung and green eanure were the least effect ivo aooroee of 

nitrogen on tlie oloy loaa* while green nanure was aatiafaotory 

on the sandir aoil* llie ef feote were aaseaaod la pot 

experineata oith rice, naiae, wheat and cotton* 

Todorova (1966) studied the effect of dung and green 

nanure on crop yield and develo|«o(it of sono groups of 

nicioorgantsas* n« fooad that on aHorial «eadotr so i l , dung 

end green oianuî  In the ft vat ymmr of application w«re 

equally effeetint for ryo* tliey Inoroasod the oualbera of 

asKonifying end nitrifying haoteria, aaotobaotor end fungi 

aeireral tife$oe« xmng and green amure iiKireaaed «he eootent of 

hydrolyaable nitrogen and the nitrifying oapeoity of the so i l . 

Shuhia (1966) reported studiee on greon-aanuring in tlM» 

Altai region* H& eoacluded that sweet clover as green nanure 

inoreased yield of spring wheat when the latter was grown 

in a auffieiently wet year but not when i t was grown in a 

dry year* Wsedinesa waa controlled by ploughing in the 

•weot oloror at the end of ^nne and beginning of July. 
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K« FiWBfceto fertillaattoB 1B grgea-—nurtni| i 

Sooemmatnl gwtmih of l9gawma dopoads upon fatourabi* 

•oi l oowfitiom and adoquato mvtpply of pbospfionia either 

naturally proaant la Itw soil or atippllad ttiroigii plioapiiatto 

fort Hi sera* 

Son &n^ Sunttara Rao (1903)« 1B a geaoral ra^laa of the 

mianlta of expertasnta ooaducted at diffaront plaeoa la 

India on the plioaplH^mff fertlllaatlon of l«gtmes» reported 

that the reapeiiie to pboaphate haa been very ooaaplouena la 

aolla poor In available phoaphorua* In phoaphate-rloli aolla 

the resulta »«re not slgoiflcaat. 

fyaa aai Oeaal (1983) atiidlod the effaaf of different 

dOBoa of auperi^iospliote on the fixation of nitrogen through 

pea in Delhi sell* They reported that application of 

phosphate gave aigalfleant Inereme In the miliar, eeigbt 

end nitrogen eontent of nodolea, yield of total dry aatter 

prodiaoed and nitrogen content of the crop* They alaa 

reporter! that nitrogen content of the soil was not inereaeed 

if the aerial part of the orop @aa coiipletely reanved* 

Study on the bui ld i^ of soil fert i l i ty by phosphatic 

fertll laetloa of leguaes end the influence of a legoMo rotation 

OB the Bticroblologleel activity of the soil uae reported 

by Aeharya and Jha (t9B4), They found that field plota, 

where berseen hoc! been grown in rotailon with wheat and 



•««p«a, mimmwi Ixi&^nr stlcrobial aotlvity in rtispeot of 

^mt«nal inii^i>«t rat« of oaHmii (]lo:KlfIe «viilutlo»» 

•aMOQlfylQC ftnd aitrifrlni pewera than plots whero no 

iKjnie^* hfid beoii glwuBt Tho nlorot^lal aotlvlijr was hlglwr 

In plot! wboiNi Iborooea bad been troatod wttli AUf>«ii>}M>aptiat«« 

Tho saae rooean^ woxkBrm (1963) had oarllcr studied tlia 

building of soil fort i l i ty hy the piioBphatie forti l isatlon 

of l^goates Bttd Influeneo of a legtMo rotation on the orgaaio 

•after lofol of tiio so i l , fbejr atatod that tho soil fort i l i ty 

«M li^fovvd am thonn by tho inoreaao of soi l organio atattor 

froB 0»d99 |»er eoat to 0.989 per cant ovor an oxporiaental 

period of ton yoaiv* fho organio aiatter lovol was found to 

bo signifiQantly hli^er in plots in whii^ tho boive^i oiop 

had booB traatod «Fitb sttitorphoaphato (32 to 34 lb« P̂ O per 

aero) as ooaiparod to tho plot a in whieh tho bersoeM had 

not been treated* 1 ^ treatneat did not alter CtM ratio 

of the soil* ,*;: • t -

Sayehau^huri and subbiidi (10S4)y while studying on 

pheaphato MumrlBg of leguiwa mid Its role in building vp 

of soil fertilf.tyy hatre established the Iwttefleial effeet 

of pbosphatOHBaouring of legWMO* 

Ch(»idnani ami Oberoi (1956) were of the opinion that 

applioation of fAofl|»hafo to groen-«anuro crops iaoreasod 

only quantity of groeo natter in suanor legiwoa (aannfa^ 

and olosier bo«i) aadi green natter and P̂ OQ eontent in 
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• inter leg«MM« tb«|r havo elm roportttd that tb« applieatton 

• r ^»0. to «r««iiHMiiiiir« eroFs did not ittor«M« tlM yUM 9i 

•HOC••ding •ropa of niaizo or wheat* 

PfeM>o^ato««aotiriiig of oomJioiiBi srooii naauro »ao also 

•t tidied by Ana at Kao ot al* (1987)« Ihey appliod varrini 

doaoo of P̂ ĝ (0, 80 and l60 lb, per acre) to aaanhoap orop 

grown on sandy lotn to i l , Tliey found that i^plioation of 

leo lb. of PgOg per aero at aoiriug of aaanhoep orop for 

greon laanaro and turning in after 49 to 86 days grovtti stago 

proved to bo tft̂  offioient praetioe for wheat orop for 

the iraot* 

ihiode and Son (1058), while oondoetiofi the oxj^riiMnto 
loan 

on pboaphate-aiintiring of leguiwa on aaody/aoil, havo 

roportod that piiaaphoto application to gwar orop ahoned an 

Inor^aao in the nitrogen oontent of planta grown in the 

oontrol piota aini alao inoreaaod the groonnaattor yield 

by about 31 per oont* mioy nhowod higher per oont pore spaoo 

•a eoapared to otHer treatnwnts* "nio aggregation of aoil 

oaa aignifioantly influenced by growing ituwar in oonjtuition 

with phoopiiato* 

Jatfoja and Fatal (19I}0) oonducted the experiaHsnta for 

four yearn to atudy ^ e eeonome doao of ouporphoa|dsiato 



required hy luevnie* 'Hiey oonelnded that wttft liier«Ai« In 

d08« of plu»«phom8 fippllcatloiio Iweermi yialda wer« liier«t^«od» 

l»«t tlie laerttwMls ii«rti not ia dimot propertioa In tlw 

iaereasa lo tli0 do«« of 1^2^&* 

?«nkata Baa and siii^iker (I9i0} raportad tba raavAta af 

a atody la aMall pats eontelalag rad »atidy low aolla î oor 

In PgOjj en ttie laflnanea at laoiHittaad soil plioapliiita statua 

brought alM»nt bf aantlniKyua application of laeroaalng levala 

of P̂ Ojj op to 160 kgt/ha*, on tlia nitrogon of ganiiftieB«)« "̂ lo 

nitrogen ooatont of Itio crop at floMrarIng ataga vtmB 

algnlfleaatly anperlor at all th« pboapliata doaaa* Slnllarly, 

tbe yield of aoqaliogp orop and nltvogen oontonts of grain 

and atraa at natorlty wrc alao Inoraaaadj (ind th*s loorctaaa 

of 30 «» TO per oant in th« nitrogan roeovaiy hy thu erop 

«aa obtalaad doe to tlie raaldnal effeot of F„0- appllofitlonse 

Building op of aoll plwaphorus revmrvm thmugh f«po«tad 

faaevy appliofitlona of phosphatio fort l l lzem aa a BMiana of 

nitrogen noblllsatlon througH leguaea elthor aa graan^nanuroa 

or in rotation was indieetad* 

Influenoo of groen «anuraa on phospbata ntlllaatlon 

by orops »as attidl«<! by Venkata Rao and 6ovlnd »ajan (1960) 

by eondueting too pot oxperlnonta* tboy roportod thai 

application of graon nenure and pboapbata togetbar to ragi 



^ 
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drop iiior0«i««d yields and inerettsod util isatioo of phosplioiiis 

hy the orop not ooly fros the added fertilisKir but aleo 

frmi tlie reterve supplies of soi l plioepliorus. 

Voidieta 8ao and Shanker (1900) bave reported beneflolal 

effeel of phoei^aie appltoation on the yield of eimnli|e«p 

:̂  oropt and the nitrogen oompoeitlon of the orop at the 

"l following atago* Thia mm also supported by Sensp Cains 

and Mathur (196a)« 

' • • ' • ' ' % ' ' ' 

mitls i t u ^ n i the offset of different fert i l isers added 

to a ireettHianttre oropt Srivastava and San (1962) in Bihar 

oooelttded that the gre&o-4iatter yield wns hli^est fsea 

ssnoheup treated with nitrogen and phosphate* Phosphate 

slgnifienntly Ineressed the yield of sanniif» hut not of 
ihalnoha «rhen PgÔ  was applied at the r^te of 40 lh« per 

sers nni nitrogen at the rate of 10 lb . per «ore# 

SsMfcarsn J|jgL* (^063) studied the iofluenoe of 

iMieophate on nitrogen fixation by rhiaobia 8t>eeie8« They 

Bondoetod pot saqperiiiwits in unsterillsed blaok soil and 

etsrile sand* sann^wiP wns grown ««ith F̂ ĝ applioation at 

ths rate of 15« 30, end 45 lb* per aore» Hiey oonoluded 

that in lb« PgOg per aere increased the fetal protein 

Dootent of plants In steri le s i^« ln the black soil It 

»as without effeot* 
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i*et«l »t t^m(t963) reported that • Igalf ieai i t Inerttfiiig 

Is orgfinl« eaiiboQ etui iiitrog«a titattts of the mitl tbjr 

pbosphiit* iwaarltig of iMirso&B at 72 fcg» P̂ ô ^ p«r l ioetim 

wtm obtalaoil* 1%to CtN rat io of tlio eoi l ronalaed oonotitot* 

Soil f e r t i l i t y wes AIRO Inprnvod* Th« aftor»«ffoots of 

tho treotaents oa th« ylold of aa uoaoaarod orop of whoat 

aero fooad to hm highly olgolf lomt* Pteaptuito««aBurlac 

of borsooa aailcodly laproirod the altroioa aatf pteai^tiortta 

•oateate of tHo wheat orop* 

Soil BggregatloB Is laproirod I f phosphoraa la applied 

to the logttM atop* Blawas et &}.,• (1963) reported that 

pheapfe^nMit aapplled to ttemoev growa la br»walsti soil of 

pa 7*6 froa l»A«R*IyDelhi, Increased soi l aggroiatloa aad 

ttie effect l>eaaa« aara algalfloaat at higher j^osphoroa 

levels* I t had greater offeet oa aggregatloa than fara-yard 

aaaure at tiMi e^alralent levels of i^osphoraa* Yield of 

lierseca aad of a subsequeat aaaaaaied wheat orop followed 

tlMi sMM geoerol trend as soi l aggregation* 

l^awarbl aad Ibrat^a (1064) la Egypt attadlec! altrogea 

f Ixat loa hy Vi,c,lf fiitoa as effeeted by sttperphosphato 

applloftUoa* Ca their pot oKperlKoeta with alfcallae 

lass (p8 8*1) appl leatloa of 8ui>erphosphate up to 200 kg,/fed« 

algalf laaatly Inereaaad total altrogea la the tiaaaaa at ' 

plaatSf but 300 kg* had ao further beneflelal effeot* 



R«i»«rt SSLM.* (1968) rvportoii that tli« wmmit of 

Bltrogen fixed t̂ y elustvr ^i io {CywmopalB i«trBgofl»lob&) »Mi 

p«sifl««ljr and signlfleaiitly relatii^ to Its piio«|»licito uptake 

fffoii ttM «ill« 'fH»y further stated that tJ9» i^te of imireaee 

of fixation of nitrosea with the uptake of t>tio«i>tiate «ae 

hlfter i s • poor eoil than la a rloti one* 

Prom tttetr Investigation at I.iv.R«T», lleif Bellil« Gupta 

and Sea (ld66) ooaoluded that phosphate utlllxatloa la 

different la different rhiaobiim apeolea la relatloa t» 

their effioioiioies* fhey have ahown a positive nnd highly 

•IgRlfioaat eorrelatloB hetweea the amonta of phoaphorua 

utilized fuid effieieooeles of tlw laolatea.Thereforet It 

eould be inferred that atraloa of high effiolenejr utilised 

lavse MKiante of phoaphorus. 

Maiieed laerease ia the yield of legnaeo asd the yield 

of follotfio^ ^i)o«t crop fie well as inoreased eonteat of 

protein «a« alao ohserved by Panos (1959), Parr and Bona 

(194S), Sea (1964), *Iba and Raa (1966), whim the green^aanure 

aroip was fertilized with i^oaphate* 

€• Other faatof inflnenaing amblotia nitroaea fixation t 

the chief soi l factors which influenoe nitrogen 

fixatioa by legaKea are - 1, fert i l i ty level , 2, soil aallnlty, 

3 . aolstttre, 4« soil air, 6* teaperature, 6*organlo etatter, 

7* ll-> ion concentration, and 8« cultural faetora* 
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1 ^ •ffeet of plwsphate has %eoa oonslderod In detail 

la tli0 ]|ff«o«dlni parofriviMi* th« otb«r soil Kltt«ral wtlrlwits^ 

tthloli iittt* r«««lv«<t Mich attoiill9ii In i^letlim to Ihi gvswth 

of plaatv thfoogh aitrogon fixotlon »re llise, noljrMoQii* 

• B d hOfiOII* 

Battft and dinnibesmra Raj (1963) atiidiod tho effeet of 

î oroB aiî  Bolĵ demiM f«rtl l iser on Boraooa (TrifoltiMi 

flfflftiinfM) OB I.A.fia. fani at Delhi, They noted fro« 

two foera* raa«dlta that hora aad Bolyhdenua eswroleed a 

aifoifloant loflaotiee on the fodder, aeod and *bhuso*yieldfl 

of berseee. fho poaalbllity of uatng horu at»l anlybdoaun aa 

ferttllaei^ In eonjonotlon with phosphatea to obtain inoraaaod 

ylalda of legtnsinona fodder and awed on aoll typoa ainilar 

to tboae of I^lhl waa tiierofore iadleetod* 

lOtlanib Mid Kannody (1960) worked on the etudiea on 

raaponsa of legwmm to Bnlybdemun and lla» fertil ization on 

Itordla a l l t leeaa sell* They oonoludad ttiat l l»e Inoreaaed 

the availability of nolybdanua in thia so i l , whloh. In turn. 

Inereoaed ayaiblotio nitrogen fixation. I.Ism actually eorrected 

nitrogen defleleney in the plant* they also olalvad that lime 

when applied at a rate of 2 tona ipor aora alwfys gave 

naxiniHi ylalda for the four lagmaa studied* Applioation of 

•alybdenan inoraaaed the aisse of the nodales, raduoed the 

total anaibar to one-fotirth or one-half aad ehangad the 



iiodttl«« to a piflkisli ooloar* LegOMit fttiidlod in tho pot 

•3£p«rlB«iit were alfalfa, birds-foot trefoil aad ladlntt 

rod olovor* ''>.̂ ^ '.: i • 

In a trial with Kenya whito olovort BunpiMi an6 Poultney 

(1961) ropertcd tiighly aigoifleant effects when nagneaiUM 

*nl twvon «oro af»pliod in proaeooo of phoaphato end gypaiiiio 

Ttiia lofWM roax^ndod to 2ino applioatioiM when aeooaipaniad 

fey S owt»/aoro trlplo aaiMirt l̂ nt not whan givon with 

1 owt,/aero aiq^r* 

Yninv (1962) iiaa oonoludod that tli« yield of tho crop 

anmilioap (Cto talari a .inaooa) roooi^ed both an groon i»ttor 

and on ovt^^tf feaaia ahowod a roduction with inoi^nna in 

aalinity* 

Pntal Ci9€@) f̂ tudied tho of foot of the applioatlon of 

phosphornof aalyii^onun, boron and groon-manurlng on yield and 

qoality of alfalfa gto^n on noradn aol l . He eonolodod that 

application of sf>tttblo phoaphates haa a bonofioial effeot 

on the yield of alfalfa and total nptako of phoaphato and 

nitrogen and tiint boron, aolybd̂ muni and greeo-nanuring in 

jiore^q soil did not give any additional offoet« 

Krylowa (1963) iMtde a atudy on tho role of nlero oloa»nta 

la nitrogen fixation* Ee ooi^iludod that aolybdenuB inoreaaea 

nltniftn fixation by avtrogeti-fixing organimia whm the iron 



Donoeatretion in tlie aedtw i» optiDal* >lol̂ d«nuM eaa tm 

pertly raplaeod by vanedim* Tungsten (W)̂  inltibits «liil« 

iMlŷ iMiaHa amd horon inciHias* nitrogen fixation* 

ItetMr <19«4) studied tito &tfet of MOlyM B̂tw application 

on Uologieal nitrogon fixation, no toutaa tbat, in aoid 

dorno-podssolie soils^ aolybdonuii aotiratod the nodtao 

iMMBtoria and thna incroaaed lastaM yields* He haa eapbaalased 

tto ii^9rtmm» af t»lyh§9mm to tlie iooeulotod aooda of 

10S«M«« 

Salasar (1965) studied the faotora affecting logiMO 

ntdulation in the tropios. He oonolnded that there exists , 

strong relationship liot»ooa s i m aiid freight of nodulos in 

tropieal legWMis &a& defloienoy or exeess of siaor el««»nta, 

espeeially hor^n and nolybdenun* 

Eoelogioal fiwtors also |jil(ê  a role in the stability of 

•yi^iotlo nitrogen fixers* Antagonistic organlsMs ni^ inhil3l| 

nitrogen fixation* soil Moisture la another iaportant faetor 

effecting the a o t m t y of syahlotle BiorooxcanisM* Extra 

sell noistnret f& and teiiperattire oonditions may adversely 

affect the aet inty of ayahiotle nitrogen fixers* Too low 

teiiperatura or too high tesq^erotare may also affect adversely 

the aetlvity of nltrogen^fixlng haoteria* the syaihiotle 

nitrogen fixers «re nore eetive in aerated soils* 

Injgopalaa and f adaairan (1964) reviewec! the general 

aspeeta of root*nodules in tropical legunes* They reported 
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«n«« &iip«aji«»»0n with «ffoetivo i^iliMiMa was olMorr<»d to 

l«atf to diffotvnt rospoasoo to nodalatlon of groundnat i a 

rod end bleek soils - two of the najor soil types in south 

Xttdlft* An effoetive strain (B^) Induced heavy aodulation 

in Araohts hya^^—/In red sol la» nhloh are aol4 to aoutral 

(l>H fi«S - 7»0)« iK>rQ than in 1)1 adh; soi ls , nhlch are 

distlootly alkaline (pi 6*2 « 10«&), In aptto of the foot 

that red soils contain less exohangertble oetloaa than 

black soils* I n s ter i le oultures, pR levels of 4 , 5 and 6 

were fonnd suitable for plant growth, optlauB nitrogen 

f ixation î iid hSMMBoglobln formation ifith a nost favourable 

effect at pli S| tibil@ f ixat ion deteriorated towards pH 3, 

T sad 8* 

Cnlttiral prnctl|fies stioh mm t i l lage operation, i r r igat ion 

#te« have aoveral physical end ohenleal effects on soil 

whicli are reflected on nitrogen fixatioo* SOMO crop rotations 

bring sboot sttMidatory effects on Mlcroorganis«. TIMI types 

of oheailoala excreted by the plants affect the selective 

stia«ilatioB of rhiaobitai baoteria by the growth-proao ting 

siAistaaeos prtdiMiod* ExtresMis of soil rsaction oonld 

adversely affeot Iwth the nodule forantion and nitrogen 

lixatlott* 

^* loocolction with nitrogea-fixing bacteria t 

Hitirife»»flxliig bacteria are of two types • syabiotio 

and asyatbiotio in a44ure« Ehizobia bacteria f i x ataospherio 
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Btfrogoa (lytfblotltfalljr in tho nodultts ot lAgtwiiioaa plants* 

l4ielili««d (1982) Itas r«vi«w«d iMmefloial effoots of tnooulatioi], 

•ffoot OB soil for tu i ty , ooiMlltloiiB off opting oucooss of 

laooulatlon eto* in bio revloif^lio •mphtmixeim that ttie {Hirposo 

of Inooalatloa to not to onpplf an eeay way to gtov logtoMOt 

l»at to provldo for a better growth through the adtUtlon of 
a 

%«etort8 which help the pi ante to mdio thw laeet o f ^ o d 
envifoniaotit* fhe legUBo haoteria oan not su^ly the crop with 

lt«o or with anoh plant food ao potash or phoaphatea. 

Inooalation* therefore, i s m»t effoetivo on aoila euffioiontly 

»ell*ll»ed and eontaiaing adequate anpplieti of plant nin'»rî l 

food* la Canada, roporta are diatinctly favourable to 

inoenlation* %ta ia aeen net only in case of alfalfa, the 

nottt ootatendtng oaae of euccees, bat also in other legmw 

•rope* It ia atetod that dnooulation ia nore sucoeaafol 

where the legune ia groeî  for the f irst tine* In nmty eases, 

where no benefit ie noted, the apparent non-soooesa msy be 

i«o to the soil being already sufficiently inooulated* In 

•nnh oaaoa the treated and untreated plant a grow equally 

well* Adirerso olinatio or soil ooodltiona nay also bo 

reaponaible for the look of sucoesa* Dronght, poor drainage, 

aoil aonmona and inferior need quality are outstanding 

eaoses for legcHM failures even with treated seed, the 

advorae eonclition afieeting the tmeteria aa well aa the 

plants thoMsoliroa* 
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Wliltlllg (102S) iiork«d OB tho felatlon of Inootiiation 

of soi l or «o«li to yiold satf quolitr of poM* Oe conclodo^ 

tliftt t^e treoa pem» twam ttio looooletod plftoto wore of ^ t t e r 

iiaailt;^ aad lioi o lili;h@r piotola ootitent ttiae fiisii tlio 

oitli^otiloto^ ploiits* laooiilatlon liieiroosod tti@ yield aod 

fvotoln eontoats of vtiioo* Inoetilatloii ptoditeof! Iaoi<oiwod 

fioM 00 laod @uirei»tjr ootitalti&Bg OOIM poo tme^torle. The 

tUBiTOOooo tfae to InemilotloB oeeurrea ooder a riuri#t|r of 

^ oostfltloiMi oaoli as ooll t|rfe^, i»>il f o r t u i t y * aeldlty and 

ellnoto Mid ^iWt dlfforont vmrlotles of iieao* 

Vllooa «MI 1^1 ais^ (1929) oondaetod tlra i^j^Haoats oa 

tlio iralae of oapf^toaoataxT baeteria for logaaoat and 

eoiMilttdod tinot a l f a l f a gtoaa oa limmd aoti 9red«»ad aora 

d]ry weight « & ^ aaprleaeataiir l^actoria wore appliocf at 

«eod«tlae« altboagfo 4d dajm^old root* folSed to indloata 

n^ valae of tbm &xtrB. t^aetarla «a aeRsured 1^ the amib^r 

of aadaloa* Bod olovor a i a l l a r l f i^oiiod 40 ^ r coot aora 

di7 weight OB l i » i d aoll wnea soppleaentaiy l^aeterla 

aora ap|>liad at aoed ti»o« Bod Icidaoy boaoa aiao ahoaed 

iaereaaod dry *»oiElit on the l l rod eoils* l a oaao of poaat 

th« 9mne tMraefioial effect of aoprlaaeatiirsr l^aotorla was 

al>«onrod« 

fiftffor <i943> carried oat iaooalatioa toata oa Go pee 

fields i a l̂ Hf taifc state* W§ foaad that the resalte of pea 

iataalatioB ia the stoto^ thoogh roaaooahlj^ goody ttora 
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varlitlile* Be eoneluded thet i t would bo wise to rooomwitf 

iBoctiiatloti for nil fields on wtiieh poas or boeno hnd not 

!>••» gtwiii for ««v«r«l yearo* | 

Graavwo airt ^owm (1950)» froa tiio roanlta of iwt 

•xporiiiaBtt ahotvet! timt ttte growing of alfalfa for 16 yeara 

on tho soi l and roaoval of tha crop did not nwasurobly increaae 

the total nitrocan ooataot of tha soil* Inoouletion ot 

alfalfa, even whera the plants were turiMid untler, was without 

affaot on aoll nitrogen* 

H^ft (19^) atndiad the effaot of seed iaoanlation with 

Ittoema^fiald s^il on the growth of Interna (Madtoa^e ££tiXS)« 

Ht elaimQd that saad inooulatlon with an oqual volime of 

ltioerna«»field soil graetly increased soaelling heiglit, 

fresh-root volnwi and dry weight of roots. 

Oba^n and Blaohare (1963) reported their observntiona 

OB inoculation of legnswa in !ranee* They stcted thet aeid 

aoila did not aontain aagr Rhiaobiii waiiloti . and nany 

noo-eala^raoiia sella eont^ined an inauffleicmt nuabar for 

luoeraa* Inooulatlon '̂ as found worti^bile beoauae ewn i f 

the rhlaobia did not aurriwa in tha soil they did aurvlve 

in the rhisoaptiara* 

GIddaM (1904) reiwrted the effect of adding nolybdenun 

eoiepottads to mtjrbeaa inoeiaant* fie stated that inoeulant î nd 
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ittlybd«atni eo^pottnd should he ii&xttd only at tte ilmi f f 

s««S treatMiiit* ltoiylid«iiuK fmiipounds rodiio«d mMiuiAtloii 

whtiB iBoorporatiHl Into ill* Inooulant anH storod* 

laoealatton ^iih l8olat«« of oowpea ititasobttui iiior«a««4 

the oitrogan eonteat of oowpea pla»ta« Ezadtaami (1964) atati^ 

tbal ayvMotio nitrogen flSEatlon alone did not provlda the 

plants with their optlaal nitiogen requireaanta* Applioatioo 

af too p*p*i&» of nitrata inaraaaad the nuabar Mid walght of 

nodalaa aatf ttoa aaanat of ttitrog<»o fiaced* Hlghar lavala 

iaodad to giira» lower r«»atilta« Thmw waa no evidanoa of 

aawration af iQniiiAiotiaally fixed nitrogen* 

A%al and Brdaan (1964) atudied tha raapoaaa af taa 

aayheaaa to different atraiiM of Rhtgob t̂ai iaponiagBi* Hfiay 

famd that, in aoila free froM aoyl^an rhlaot»ia, aoae atraina 

W9f vara affaotlira than othera in incranaing aaad yield, 

parotein p«r eoMt of aaad, n>ot«»nodulation» graaa eolonr of 

leaf and fraah plant weight and in decreasing o i l oontent of 

9—49 la eontaaiinatwS itiiaobia, iooculation trei^taanta 

produced na iseoaurable differenoea in any of thaaa 

eharaatariaties* 

ihisBobie isfry ooeor in tha «oil provided lagtiMa ara 

grown on tha soil ©very fa* years. Thia was observed by 

Mawak and Lehnor (1965), studying on re-iaolation testa with 

aadttle baateria (Bhiaobioi sp.> froa aoil* 
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RMMi«il (10G5) ott8«nr@d that inoetHatloa v i tk 

mioH«f f IffifffUffiftt^Pfi ^^i »o* 5»«>̂ « b«o«f lo la l on M « « 

y ia lds , nttsft«r ana ««tght of root aodol^a when inorgsnlo 

nttrogea at the rate of 100 • 200 kg* ealottni nl trsta waa 

appllod per aura* 

Birakal and Uaall (199S), working OQ syBbiotle 

f ixation of nitrogen hy the baan plant (Phaaaolna yolgarta L«), 

have atatad that in one of tlia thraa a^partaaatal attaat tba 

Inaraaaa in yield due to inootilatlon m»m a in l lar to that Hue 

to SO kg«/iia« Qltvogan fert i l i zer* Heapoa«e to iaeeolat&on naa 

ni l on the otiicr t«ro s i t e s , whioh had n hlgli available 

nitrogen content* On a l l a l test ino<»ilatlon oauaed rapid and 

aliimdaat nodhilatlon* Variety bed no aignifionat effeot* 

Bomaier and I.ebma (1965)» wozfcing on the effeot of the 

mnber of rhissobia uaed for inooulation on yield of Inoeme, 

have fonnd that the ntmber of rhisobiiuB ri»ed for ifmoulatlBg 

lucariM aeed mm iK})ortant for meaclnum yield la the f i r s t 

year under Ardeitnea oonditlooa* "the concentrated inoonliai 

need provided 30,000 l ive bacteria per aeed at eotring* 

Oilttting ^ e inoonlim gave lower y ie lds in the f irat year* 

llleii (1906), in his pot and f ie ld experiaaatn for 

tenting the effeetivenena of legUBa iaoonlanta, reported that 

there wan no atgnifioant reaponae to iaoonlation In f i e ld 

triala with Trifoliuw raaupinntwi. sarrnie l la , boah bean and 

Inoerna* 
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S«ii it9m) r«port«d r»«t i l t« « f f i « I d ei^rim«eti» s t 

VMiovs a l t * * I f t I n i i a aodf tihawiid that • t ra in t i Isolf t t i id 

f ron l^liMitc gwmm « t d i f f e r v a t i^tamia iitfUr^tt gr«at vartat to i ia 

tn sewi MoetuMBtosI ehareetar is t ies aod I n aH l l l t j r to f i x 

• t i »« l ^ i« i i « nlti%»gen« AQ @ff«etlv« rhi%oblt» s t ra lA idiottldf 

only lN» UW& m% jp>l«eea thmt liavii m»il and e l l a » t l e ao i ^ l t t eaa 

0 l i i l l « r t » tlMie@ of tbo or lg taal . teal>lt«t* 

K« ££iir-""'''"~" ^ r e l a t i ve ef f totonoy o f i ^ tzoMia i atrataa s 

ilaJaiO]>alM (1998) ooi^aroa »lx Isolataa of grotiadnnt 

rklaoMiiM a t ra ln^ t ^^tob v«iw fo«nd inrptMi loglcal l ja l t l io hm 

plqrai93l<>iio*^ll|' dllff@i%nt* il ie f ^a rao te r la t toa o f oao s t r a i n 

iroro htgb itMi-ff»<lai»tion, l i lg l i ao t ta l t l v i t y o f fi j^rogan loaa» 

i i lg l i *feni«at«0 Ik&gb nltrogaB f i x a t i o n and pvodnetlon o f 

'laarga BtMitsof o f ssa l l end wodltai-slaftd nodnl««t ^ i i l t i i »ai*a 

oooeoQtraiod noro on t l io ta|»-root than on tti® lator idlo* 1 ^ 

othor a t l% l i» stoeroil tte« rovorao eharaotor ia t loa. Itie 

o f f ie loney o f tlN^ atra laa a« nitrogea-flsEeii i ai^otsirod to 

d@I^Bd wmrm en th« loca t ion o f the aodoles them on t h o i r 

flm a l t rogoa-f tsf lag i f t t l t t y of var lo iw a t re lna of 

midalo l iaetor ia wwm attMlled hy YalGoylova it9m}» I t waa 

donRnatratOfI that t^e Qltrogait-flael'Bji ^ l l l t y WHO Innate 

not oalir l a l iaotorloda bn t , t o M I OVOB largo dogro«« l a 

tl io an i^ l ooUa f roa t l io aptoel roglon* I n evaluat ing the 

a o l l r l f t r o f thoifo and other tmrmm o f l»aotorla» a t t«n t lea 



•hoald obvleusly tw gives not only to the eottiiy 9t 

fixation of woloculsr nitrogoiit but also to tii« bftotorold 

eepable to oaaily five up the nitrogen fixed by then to 

tho plMita* 

Podofov and Nitae (1061) atudied phyaiologioal difforenoes 

bottroen siraiiis of root*nodule t^aoteria ot ptim î nd retoh 

differing in Unfixing activity. ¥bey stated that atraina of 

fen and veteh root-nodule bewteria, having different 

8itrog«o->fixiRg aotlidlty in ixidules of ttieae planta, 

differed fron one another in ounhor of ^hyaiologioai 

eharaoteriatioa» whidi were eaaily deternined in laboratoiy 

eultnree of theae baoterta. 7he atraina that fixed moleoiiler 

nitrogen eetively in nodules ^yntheiaed their eellulor material 

nore effieieatly on varioua uarbon end nitrogen aourees* ttiey 

have reported a higher protein content also* 

Kraail*niiGOV ROA Melkuamva (1963) reported that aowi 

atraina of luoeme-nodule baeteria produced nodnlea 

aotlvely on itiotst aeoelerated the groc t̂li of loeemo «id 

increaaed the orop grot̂ th by 100 » 200 per oent or nore* 

With other leaa aetlve atraina the inoreaat in erop yield 

did not exceed ao - 50 per oent, and with at l l l other 

loaotlve atraina tliere «aa no benefit.ftiey atreaaed the 

inportanee of selecting effective strain for artif ielal 

infestation* 



tittta (1903) ol>v«rv«d varlatlona la diffmrmnt strains 

of pea end vatoh nodole bacteria* Fie reported that active ^ 

a trains of xfiimfbim not only ym&vi&»A greater aoirtiar of 

oodulea of larger alae and fixed Higher aMonsts of MltiDgen 

than lOHs aetlva strainsi bat also caused an increase In 

the proportions of irotelo nitrogen md aaomts of onlee acldot 

Abel and Enfiian (1964) observed that In aolla free iw^m 

soybean iiilxo1»la« soae strains »<!re nore effect ive than 

others la laereaslng seed y ie ld , protein percentage of seed» 

root*nodalatloa, green colour of leaf , and fresdi plMit 

weight* In itilaoblaocoBtemlnated s o i l s . Infestation 

trofitKcnto pmdiiood no »@asurable differences In any of 

theso ohsrseterlst lcs* 

I"* ISIt Ôipa tff<lgr Dl|f ®reft» l-PsA^n,% ,^M^f^n 9** ^9^9Ml^^^^ 

Investigations have been dtone at Indhlsaa (Punjab), 

Foona (MahoTMhtra), Bapatla (Andhra rradesh) «Rd Anand 

(Qttjarnt) en syablotlc nitrogen fixation vm^«t the ICAR » 

Cordlnated scheae on Blologlel Nitrogen Fixation* llie resa l ts 

aohleirod earl ier at Anand have been referred la the 

Introduction* Th@ present Investigation Is • jparl of the 

sohemi* 

^i^f fff l i f t I f wf ^m «* ^f^f 
TiM work dons at Bapniia (An^ira Pradesh, S95»«0a) 

Involved Isolation and testing of different strains of 



bmBterla isolstet] fro* pllllp«sarft and groiuidiiat. Th9 atralm 

BGr-21S0 Sffv>ai9 awl iSP-22B Isolatad tro» pillipaaara firoM 

Oannafarani Maxiitini tm& SMaalliot ai^aa «rei« touaa to he 

•vytrlor to ttio others* Applieatloa of MolyMonu* apray at 

8 p«p«n* garo outatandingljr high groeiv-aiBtt^r yields of 

jpillipoa«ra« Applioation of lino was not benefieial in 

iooreaalng the yiald of pillipaaara* rnrthort ont of t^alTo 

oulturaa ieolatad froii grouttdnut* the four cialturoa WAJk 361 

(lialloro). BBAL 382 (Bapatla), B&AL 2S8 (latir) and BHIAL 3@0 

(^IJaytifada) woro found to bo offieiont* 

At Lii^hlaaa, effoota of different troataents worn 

a tidied on the grcwth, nodal ation* aitiogen fixation bjr 

^aiaaha and on the yield of wJieat erop that followed 

greett-fianurlag* Indloatlona were that nitrogen alon» at 

60 lb* N/aere in the fom of anBoniMi aulphate depreaaed 

nodulatioa* The total nitrogen content and total dry weight 

of different pliiit parte of dhntnnha wore the loweat in the 

ease of ooatrol without fertiliaera* 

KitrogoA^ phoaphoroa and t̂ otaeb treatasonts alone or with 

nolybdenuii or with «11 eicro nutrients inoreasod the yield 

of dhalnoha* 

the beoofinial effeot of greenHaanarlng on the yield of 

wheat, in abgenoe of ferti l isation to the green-«antire erop. 
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««« • fq«Mai or^?!** ftm Uigtkmt y l«Id of wimmt warn o^ ta lw i 

f i i th MUC • li» or Al l Mloro nutrlooid applied to tHo 

eropc ; :• • \ -I . • ' 

Hio m i l l e f t after haireit lag of wteot woo eoMptirfittirely 

rlober witii rospeot to totol nltr<H|eii tbao the orlgiBOl eol l 

aood for srovlttg ^ t i l i t lU I * 

!l» diroot rolfitlotiship irao o^oerroi iMitoooa loi^ooaogloMo 

oonteot of tho nodiiloe eod the altregoa fixed tiy tltes* 

Itonevorir o positive oon^lotion ooeffieisiit woo eboorvod 

Nitoooo thcfoe tivo footoro* 

Z« «o«o of ttoroooiit applicatioo of phoephote showed 

•oacijiail Mfief ieiai effeot in regard to the pmdaotioa of 

frooh grooB fodder* MFK with Ho iaprovod the p^rforaaaoo 

of phesjpliate aloao* 

mm» e f f l e i ^ t otroiae of root-nodulo baoterla of 

fjhotBOtin sm'Oi horsoea wore ioolotod* (SaM-produotioti and 

glviN»»e-eoi»a«n^tioa of these leolated otraino »ero alao 

•tudled in 9r4tSir to flod oot the eorrelat loa, i f aar» 

iMtoooB thooe ohnraoteristieo aad their effeotlvoooao* 

tlio reaiilta showed l^ot the isolat^is, whii^ produced amro 

ga»f fixed less oitrogoa« while the isolatee, whioh 

ooasoNod «oro glueose, fixed imro nitrogea iocfioi^tiBg 



ilMr^by titfit tli««« laborfttorir tests e&n he itssd for 

testing tibs effsetivsMss of xoot-nodols oinMnlnui* 

Lffirgo niHitxBr of rtiisoHo eolttires wore laolatodi 

froH ftfoimdnoty s»aithswp.gtttg> garden poast graM« j ^ AMI 

sojr«b«att« fti« 0ff loi«nt eolturss w(>re then tostod 

stKiatensottsiif in pot oolturo and in the f io ld oxpsriaents* 

H I S s^tiiods for qulolc soleetion of effoctivo lga»ot>itai 

•»littr»« of jy|£ tmve boon 9oiiBsd out* 



A timt§ npirlaMini wim ii{i<i«rtikoii to »%n&y tla« effect* 

of iaoottl'atioii aat syplioation of plw ;̂)h«t« to t«o leguniiious 

•st»p« vlai* 80t̂ tiii»|B^ aatf m i £ o« their green^mattor yield and 

OB tM ofgMll* Mitter and nitrogen oontent of tiie eoil at 

th^ Iiiatltiit« of Agri«altiire» Anand* Tliia escpeirlaeiit ««• 

•arrled wit f*y f««r aeaaone from i964<»6T* The eheat erop 

mm iAen aa a fallowing orop on the mmm a^yarlMntal plota 

i s wiilati JMMlHi **' «» •> empn »er« giewM aM plovi^iad 

wiiar* wnoat avap ^m takett to a tndy the after»ef feota of 

ltea«'ii»twiilag ta Inereaaing wheat yield for the ireara 

19$» aid 19§f« 

imitam (£isiali£ii « mam) «« mei^ (^y^^M§ 
tetragaaalalia) «ere ao«a at the aeod-rate of 56 kg* per 

heataare* ¥be plan of the eicperiiMBt «»aB aa eheea helow s 

ftaatMHita i All eoa^inntiona of 

A* Caltar<^ • i« Unlaooiaatod (C^) 
2* Inooniatad (C^) 

B* PheephQte • i« Wititoat phaapiiate {i\) 
a* With 56 kg* FgOg per heetare In the 

fom af eingle atiperphoaphata (P^)* 
taj^mat •» fUMida*iaed Mo^e; 
^plieatloaa • 6* 
l^lat alaa • droaa 3*S •*x 8 a* 

Nat 2 a* X 6 a* 



flaltf ««• ft«pfff«tf hjf pleagiitiiSt tearroving antf plaitfclflg* 

t fai t tot* v * * * ^ M Kf̂ dA 1̂<> io41eat« tlia atea raqaiva^ for 

•aeh erop aatf for eaoh plot* Soil aaiiploa woro eollectod 

from toa raatfaa p la^a fro« oaoii arv?a for analyots of 

attratoft aad ori>«>nte Mattoir prior to sotfiag of tlM» ox'opo* 

l a eaoh plot fiirrovs woro opoaod at a <il»taattO of 90 «a« with 

a oouatty p l o a ^ for aowlag tlM aooda. 

Soedla roquiie^ for «aeli plot woro troetod vtim 70 p«r cent 

atoolMl for f t ro Blinftoo for tftolafootation* Aa p9r roqttlroMmt 

of ttio plaa» soodfi of oaoli orop wero lofoatod with tlia 

roapootlvo oolootod oolt«r«a* For oootinl plots dlalafostod 

•oo^a woiv iMpI aopariato* lafoatod mid dialafostod aooda for 

oaoli plot woro plaeod in aeparato polythooo baga* iSoperphospliata 

at tli« rata of B9 leg* por liootafo la the form of aiogle 

aoporphoapftiato roi|»lrad for oaeii plot (5S0 (pm* per plot) 

oaa votg^ad aad paeiiod »«par«toly in papor baga* 

At tho tltsa of aowlag, aooia aad ptaophato f o r t l l l a o r 

iaga oora f i r a t plaeod la front of roopectiva plota 

aoooritag to tHo plan of tho esporlaont* Soporphoaphato oaa 

•priflklod ovonly with hand la tho ftarrowa oponad la tha 

plota hofora aeolMg tlia aooda« 



•Mdt v«r« tham wmn aRitorwAy in tlui turwimm wttii band 

t i i t i i i i i l l fV9««titloni to dvold adxiag •# liife«t«d aai 

i i » l i i f « t t « i ••«#»• Httttis «#r« « M ^ 4 •^9wf t t w b«for« 

sowing oiM»li plot* i^ft«r sowing tlio owidfK, tuwro^m woro 

oovored »l t i i ooll f ro * tlio oflio plot hy tlio holp of «roo4oii 

nko Icopt soparately for oaeti troataent* 

9mim vm good gei«liiattGa ot emuSm in %otli tbe lognno 

oropB* fiio plcisto attaisod vory good vogotati^o giowtli 

ilfiriiig forty de^B nftor aowlng and atartod tlmi®Hm liurlng 

thia period* * 

At the end of e i i ^ ^ weak aftar aowlag, mh®n noat of 

tlio plonta attainad flowaring ataga, the planta vara uprootod 

a«i tha avorago walglit of fraaii graea planta «aa tikaa f ro * 

two paiO'hoa 0*6 n* x 0*@ »• at raodOH fro« «»ol} plot i n aa«|i 

orof)* Furrowo t̂ oro opoaod in a l l tlie plot a aa^ tiiaa tlia 

planta ^mre plaead in the forrowa of raapeotiva plota, and 

wara oorai^d wltli aoi l for doccapoaitlon* Hia yialda of tha 

gr«ea nattar (av««rago tralght of tha plenta f r o * tiro patohoa 

of 0*6 a* X 0«g tt* f ioa oaeh plot) for the fonr aueoosalva 

foara (i9g4«»67) wara takan* 

Hia oacportlHMit sras oondticted on a loa^y aimd of Anaiid« 

Ideal ly oaUad ^ r a d o , whloh la very doap and w«ll-drainad* 

I t la daflelaiit tn orgaaie nattar aod aitrogan l^t rleh In 



fli« eliwiieal and a»oii8Bt«6l cospodltton of the gorwty soi l 

p r o f i l t la £iv@ii la tel»l« i * 

^Hiifi|o^<rg|cf|faf^ I 

tkm e l l»at« • ! Aaana is sub^tioploal wttb dry aad hot 

•««atni tff«B Miurtii to 4um* Toa^rotoro ooaetiMo go«» it|i to 

l l8 * r» ffce wiftt^r loot* f*tMi liofoiiber to rotuntiOT w i ^ 

10tt«it tQi^rattiro up to 40*F, whleli loads to firoot* tlio 

ovoraige aiMiual proolpltatlon is 75 nsî  ibrnt I t la orrat le* 

Tte grooiMMittor yields of aoaniio^ OMi îM>oy «ero 

takoA froB a i^ol i of 0«d • • 21 0.6 »• ffois ««eii plot at 

tli« tl«o of flOKorliis I .e* after atout 8 »oA« of growtli* 

At tlio tlwrorlog atofo* ttia i»lant balgbt of si^titieitii waa 

aiwvt 1*8 to a Mitora* tim growth of ^iiwar vias fom^ 

liiacurlaiit whea tho grooa woight »«• roeor^d* t^o aiMNi 

IMitohoo at raadiNi wsro aolooted ami ttoslr werago 

grooa-HMBttor weightta wore raoordod* 1*lia plant sasploa «»ero 

then dirlaiS to aun and then In ov6ii at 70*C« t i l l free froa 

the traoes of miatare* 

f te plants were then out Into aaell pioeos and gronnd 

i n anrtar naA poatle* The plant aanples so prei^ared soro 



• f Moyedtt s o i l pntil»» 

iMiiniUMnw'-Tiiiiiy. mini •imiiiiii.i. Tiii.i iTiimi > n w [ i ir iMwii i i i i iw1trt i"'"Mi~~Tr'' ' ' '~~~r^'^'*"'"' ' l ' " ' " —••'•^"- — — — — - ' — 

lMtltli«llts i D«ptll l a ««• 
J 0*ti5 i 15-30 I 30..60 i SO-eO tgCHUO It20«.150 

0 .43 0.48 0.47 0 ,35 0.S4 0,4T 
80*07 86,00 81*61 7i«01 70*87 71.56 
10*75 9*75 9*50 32 .50 30«flO ai.SO 

€•80 1*00 3«75 2*60 8*25 2«7S 
oa I c a l l l o n p.e* 1*84 0.87 0*87 1,48 1*50 1*48 

iil« p , o . 1*88 1*17 1.60 8.07 3 .67 2 .81 
nates p . o . Htl Nil Hll Mil Hll Nil 

so luble e a l i a p.e. 0 .016 O.Oll 0.088 0.098 0.038 0 .026 
Bltrogea p . e . 0*036 0.036 0.030 0.034 0.033 0.028 
pHoaplMiraa 434*00 434.00 388.00 884.00 888*00 408*00 

100 g . ) . 
If n v t t l l ^ l a 8*7 9 .7 i . 8 7 .1 7 .8 10 .5 
tenia(«fi./ioo g . ) 
« * • ae^tliad)* 
MmlObla 0*88 0.88 0.18 0 . 8 i ' 0 .09 0 .09 
Itoi«a(a«. /100 s . ) 

patata lW 878*8 2?4.7 886.6 387.4 812.4 333.5 
100 f . ) . 

agaabla pataasloM 
100 g . ) 2« .a 17.8 17 .8 19 .0 31*Ji 19 .0 

aABgaaaaa 
100 g . ) . 49*1 43 .3 48*8 45*4 44*8 46*8 
agaiAla 
100 g * ) . 0 * ^ 0.89 0 .70 0 .88 0.54 0 .50 
akla toyoa KP*** 0*3 0 .3 0 .8 0*3 0*8 0 .6 
i^ble a lae P*P*K* 3*<MI 8*08 1.45 1.80 1.80 1.20 
eabal t P.IXB* 18*40 i2«40 20 .50 18.79 19*50 20.00 

ofcla aabalt p*p«a* 0*60 0.60 0.37 o.SN) 0 .10 0*10 
able eai^par p*p«B* 0*29 0*28 0 .15 0 .10 0 .88 0 .10 

aepper p*p*a* 35*00 35.00 30 .00 55.00 30.00 25 .00 
exabaaga anfiaalty 
/ t o o g . ) , 9*8 9 .2 10 .3 16*4 17.00 17*9 

—iiM iWi— — WW—li—iwiwiaii I i — awawawaw aâ >waa><wwe>wweeiBB<iB»eweiire«iaMî  — mmmMmmitmmm'mmim»mim»wmmmmmmmt'mmwmwm'it 



esod for nltrogisa e«tl^.atiofi hf Winkler*« lo r l e aei4 

Mitliflestloii of the XJeldabl Bettiod* fotel ettroiion uptake 

®^ gi»iHifaiM» Mii that of ^lyar î as ttiea calmilateti* 

MnelwulB of «oiI «a^Iei» for ottrogim and oraomo w i t f r til 

Ukf f i o M t r t a i osqaorliioiit » i f o y oowiOK •afl • f U r 

<—oliPOBtttoit of bfegied owtottte aattor I 

Soil sMfileo »«r« •oIl«oto<l firo» 10 renteii P 1 M M « froa 

•Mi l trop mmm hmtitm oowlat tt* «••€•# 0no «iMq^«lt« iioll 

•aftp&o WM wMto f i w i thoso 10 atd^^NiM^loii and wtalrftod for 

BitrogoB aad ofganlB BRttor* 

Soil scBipl^ ««ro also eolloctod of tor 9 «oA« of 

doooBi^oitioB of tlio buries! plaot rosidtw froii tlio doytli 

of 0-83 en* freai 10 raodon plaooo fro« o«ok plot* Oat of 

tliooo iiit%»9«ip3ifiii one oo«pootto m i l »emB^m woo nctd* for 

OBoljraio of Bitrogoa « ^ orgasio Mottor* 

Soil oa^ploff oolloetod lieforo oowing of tlio erop and 

aftor doooapooltion of plant peterial «toro aoalyood for 

ttitrogott oontont bjr Wiidcler*a ttorie aeid widif leatioa 

of tiio KJoldaiil Motliod (1913), adding salioylic aoid darlBg 

digest ion and iHiing the Blxod Indtoator for tlie f ina l 

t i t m t i o n . tlie liorio aoid oaod In the !Httkler*a Method 

iiae f ive Miitod advantageo i ( i ) I t eliainatoo error in 



ii«««uriag •tonilantf tteld In the ree«tv«r« ( i i ) Ttie borlo A«i4 

solution ao«4 mt h9 aociuratoXjp iMa«uro(l« (III) By using a 

aiilt;)l>X9 aliquot of tlio s«qpl«» ttio p^roentagas of nlirogtM 

eaa to f»a4 dlf»otly fron tlio imretto* <iir) only on« 

soiuilon noatf to siaoiardisod* (v) Even if th^ro i s stioic-tiaok 

of %>oilo aeid, tho a3q;»eri»attt is mit apoilad and tha 

diet i l lat iea een to eontinii«d, 

'ih9 Mxad tmlicGtor giva* a atmrp and-point and lienea 

i | «•• iiiilils«d la nitfogan aatinatlon. n%e nixad indicator 

i s prepared tuf diaaolHim 0«G g« of l^roBn-oreaoI grean and 

0*1 g* mthyl ma in tm • ! • of 95 par cant @tiienol and 

ttdioatii^^ tto aelntion to tho t}lui«h»parpla Bid oolonr at 

pn 4 ,5 , fflth dilate nmn or mt» flila Indioator la plok 

at lOr 4,2 »aa toIotr» tma Mulali^graGn as ta# p9 riaea to 

pa 4*9 Mid «tow« 

^ i i l l t l i ffl p^Wta foy attroians i 

flia nattotf far nitii»gan aatination of tlia plant 

Material waa atellar to that of soil analyaia* i^antlty of 

tlia plant «atarial takes tor analysis waa l.O g, 

sol i of^nata natter t 

A quick aod aiapla netliod of de tarsi ning soil organic 

•Attar haa toaa irork^d ont by shah and l̂ tehta (i965)» A alight 

aodifieation of l^lit »a« adopted* 



-4T-

(1) M i>«ta«8tiai dlobroaate aolutlon s 

49*04 g« KgCrjjO^ wM «ll««olv»d ttt dl«tl l l«tf ««t«r and 

dlloteif to 1 l l t r «« 

(2) C<»iie«iitrftted solphttrie ae&<l» 

(a) 61iM<ui« C8ft«lar)« 

r r f i f lMry lyr itffiffi<>ar<iM»*̂ off 

1*0 g« of *«iielar" gltM)ose wa« velgfiod and disaolvad 

in wttter and iHifia up to looo Ml* From thla mlitttoo, 1*0» 

2«0» 3«0» 4«0« 5»0t 6 .0 , 7 .0 , 8*0, 9.0 afid 10,0 id* wer« 

tidiatt In aijO &1« pyrox beidcara and evaporatei! to dryneaa 

en watar liatb* I t WMI than allo^<red to oool aid %0 Hi* of 

i It EgCr20^ flolotlon mm addad. Hiea 20 »1* of ooiieotitrat«d 

avlpiitirio aotd V«M addad rapidly and the mxtura ^aa 

at&rrad for iO aeoonds* Xt wa« tban allowod to ataod for 

10 Mlautoa aad 100 a l * of d ia t l l lad watar «ra« addad, A 

U M k watt alidllarljr prapaiad witiioat gluooaa.i^ftar I t 

«oel«d wall 9 Hia gra«ii oolonr of tha solotlon «tm ttoasuz^d 

on Klatt«»S«HH>raon ptioto«loctrio oolorl i^tar using a l»^ n^ 

(red) f i l t e r after adjoatlng tlia blank readlng*Colorl»etrio 

raailttta vera tiMMi plotted agateait the oonoeatratlon* 

Betarwlnotloa of organic natter imm ao l l 

1*0 gft of the air-dried soi l wne weighed and 

tranaferred to 35C> m* pyrex beiicer* 10 n l * of 1 N K^Cr̂ O^ 



•olutlOB wM thtm Bdd«d to It* than 20 Ml* of oooooatratod 

•ttlplmiie Held ««• addod roptaiy and the Blxtttro ot i rrotf 

for 10 meoa&m* I t was tben allowed to ataiMI for i& atwitoa 

mm too nl* of d iat i l lod water «rao adHod and atirred well* 

I t tvas then alliHê ed to atittid overotght* mie aupern^taiit liquid 

¥:m» deoeoted carefully and the green oolonr van iK^asured t»y 

Klett^SuMwrnott photoeleotrlo oolorlneter uetni! 665 n^Cred) 

f i l t e r after adjuetiog blank (prepared by the ease prooedure 

tal^ii^ !•€ s*of the isalted e o i l ) . 

>/heet »wm eown to study the effect of eanoheop moA 

Eowaf grewBHMMuring* iOO hg./ha* of extra nitrogen in the 

torn of urea wee applied in the f i r s t tr ia l Mid 45 kg*H/bia* 

as area eae ippll^l in the second tr ia l* In the f i r s t year* 

im kg* of i per hectare was iq>plied as i t I s the 

reooasMinded dose* Bat as no significantly higher yield was 

obtained vitih inoculated plots , in the next season • 

loser dose of 49 kg* H per hectare vmm appliwEl, Woause i t 
S 

«8s thought that at the optisiani dose of f e r t i l i s e r nitrogen» 

inoculation B ^ not provo effective* After the aaoirtiegip maA 

' §SBMF PiMita vers buried in the plots and allowed to 

decofiipose, the siisw plots «er9 used for wheat crop* Wheat 

WM s<HrB in Mov̂ atier-<>I}«?ceBbert and seven irrigations were 

given as per the re<|uire«cnt of the crop* The dry natter 

yield nan t ^ e n at the t iee of saturity of seeds* 



•49-

TlM c««da aiMt mtrm if •re «eparat«tl from tti« 

miWHtri96 plaiat • rit»« tiM aitrogao oontonts «iid jrielda 

of each, tii« total aptak« of nltxocoB wa» oelonlatod fttr 

a plot of 0*6 m* x 0*6 »• .this «a» doiw for two patohes 

froR eaeli plot in a roplleattoo and aa aforaga naa taikaii«. 



Cliapter IV 

XaMulatlon of the s«ed frith efftclent strain of 

logoMi miltuve me^ inoreaco tho ytoJld of tho logmtln^iiii 

plant or th« nitrogen eontont of the plant or both* 

Therefore, yield« nitrogen content and tho total nitrogen 

tiptfike of the plants were tietemiuad* <A» the sytsl^iotio 

nitrogen fiaiers require lit>er«l ntiantities of phosphomst 

tt «as inoluiSed in the treatirant* Although nitrogaa 

fixation by those beoterla is iMprored by the ap{)lleatioa 

of »ol|rbdcimi»t It was not inoltidad in tlia treatntenta as 

the available aolybdenini in the Instltnte soil Is fairly 

Mill (latfdy ami Mehta, tWiB) and It liaa been shown by 

Fat el (1962) Hiat there «as no response to a^ly nnlybdanun 

to a lagimlnotBa i^r^p in a field tr ia l . 

flia rcsalta for the graen«Mitt«r yield of Jl iBttm 

tmaar the different treatKeots are given in table 3« Biasa 

data iwaal that, on an average, the eolture in eoBblaatlon 

with phosphate (P|0^)g«ve the highest yield* Fhosphata 

without oolture (^^C^) filo^ ffe^Q higher yield than the 

ooatrol i^Q^) renalvlng aelthor ^waiMlate nor the eiilture, 

but v?Qs not Quoh different froa the yiald obtained under the 

treatMnnt eontaining the oulttire but without piiosphate(P^C^)« 

The yield ont^r P̂ Cj eras also higher than P̂ Ĉ » 



- 8 1 -
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fp^t9 3« CreQii-wit«r yt«ld (g«) pf g^Bobon^ (Sl»iaiffiil) 

tetm tt p«t«h of O»0 a* s o«6 »• (av«ras« of 

i r o p l l c a t l o n s ) * •.•,;,.:-; y.'' ;••••;• 

»w>«w«w«wi«i^wiWii i i i * i»<w—wnwiK—will——'— 

Tr«atli0ll«t ¥ £ A B S t Avor«c« 
t 1964-dsi iooc-eei isaG-ors i067-a8 t 

•—•Mini——iwnii — « i — • 

hh 
'l«0 

Vi 
0 0 

i404 

12T9 

lUNHI 

1178 

1105 

1016 

990 

1O09 

11T6 

1089 

1106 

1013 

1103 

1089 

1068 

1099 

1197 

1118 

1119 

1009 

Cj e tnoeulatedt C^ <• aon-lnooulatod* 
F̂  « M'it& p]^«i>iiatof P^ • wittioiit phospiiato* 

T»M« 3« Or««ti-«a«ter yieia (g«) of fiiw^y 
(£• totragoaoloba) f t«» m pateh of 0«d • x 0 . 6 • • 

(a^erago o f 6 ropl leattona}* 

Traataeatt ¥ E A S s t Avaraga 
t 1964-661 1965-661 1966*671 1967-68 2 

PjCj 586,7 S9S.0 906 ,0 560,0 684,8 

f^e^ 524,0 503.0 933.0 667,0 652,0 

V l ^ ^ ' ^ 54S,0 y§3,0 525,0 646,8 

h% 604,0 483,0 SBt,0 542,6 a02,6 

flM vaaiilt« o f iraaa-sattef ' ytald of gqaag (tiri^le 3) 

al@o aiioaad tile i d e o t l e a l tread as that obaarrad under 

•iW"fWaiBI{>* 



•Br3PHi»tter yield «f |i|g^ffj|j> 

Yt«ldt ftf iS««ii aatter do not exaetly inflect the 

total btoiiasfl sjriiUictiaiid la plants on aceount of vazyinf 

ffotsturo eontents* Thereforo, diTHiettor yields worn 

f!«terstn«tf« file tfiyMBsttor yields of »imi^mK» tmS ttte 

eovbined anslyslfl of the dntn for fotti* years &re reoordod 

in tables 4 and 9 respectively. 

Orjr-aatter yield of nnmiheiip in the year 1964-65 under 

treatiwnt P̂ €̂  wan significantly nore than that obtained under 

P^CQ or PQCQI iMt M onoh elgnlficaat differenoo was observed 

between the treatarants P̂ Ĉ  and ^^C .̂ The laiter one alao 

yielded signifiea&ntly more than PQC *̂ The yield differenoe 

between P̂ Ĉ  end P̂ Ĉ  aa well aa Itotween PjC^ nnd P̂ Ĉ  were 

not aignifioaot* In the year i90S*d@9 dry^-natter yield of 

saniAeaiP nnder P|C| wan highest l̂ at the treataent differences 

•ere net eiignifleant. fm»m rest of the tr(^ataenta very snail 

differences were ebsorved. In the year 1966-67, dry-«Btter 

yield of sanaî Mif was Itweat ioider W^JSQ and highest naier 

^i%* ^%H y^«3l^^ l i t t l e lens than P^C^^ but It was no re 

than that nnder P̂ Ĉ  but hero again tliese treatneat 

dlf feream vers net sigolfleant. In the year 1967-68, no 

•ater le l dlffsireaees wen nbaerved In the dry-natter yields 

*^ «ahi|*̂ oifff oadsr tim rarioua trentnents. 



«S3* 

fi«» a p»tm of 0*6 B. x 0.6 Bi« (ttv«r«g« of 

6 replications}• 

TreatiMQtt 
t 

' i « i 

V. 
Vi 
P C 

8«Eaiffor 
t rea tmnt 

L*S.D« at 
5 % for 
trenteont 

c,v. % 

fab lo 5* 

Sovrco 

Yoam 
TroatMonta 
a.Ciilttire 

Y E 
1964*«5I 1965*661 

A R 
\ 1966->67S 

360.6 324*1 333*6 

320.6 176.4 

336.1 267.9 

299.1 272*4 

10.10 N*3* 

30.36 N*S* 

7,5 19.2 

347*6 

307.2 

281.0 

N.3 . 

N.S. 

26.S 

1967-68 t 

206 .0 307.8 

30T.3 287,7 

199.8 378.2 

309.7 266.0 

N.S. -

N.S. 

10.8 

Fooled analyals of dryHMittor jrlold of 

MmUftRP. (P.*J,fififfi.«&>« 

id.f. t s.s* 
1 t 

3 226168*49 
3 20700*30 

1 5660.65 
b«Phosi»liate i 14803*82 
e . Intoraot lo i i 1 177*93 

Y a T • 19958.10 
Poolad error 60 168022*03 

Total 96 

} M . 8 . 8 . 
1 

76065.16 
69(M>.10 
5689.66 

14862.82 
177.93 

2217.23 
. 2800*37 

toba* F. i Table F. 
1 J &% n% 
26.7*» 2 .76 4 .13 

3 .1 K.&3.66 6,99 
<3 N.S. 8.12 10.56 

6.7» 6.12 10.56 
^1 N.S. 5.12 10.56 
<1 N.S. 2 .04 2 .72 

- - -

** slgBlfloaat at 1 fS loval 

* slgolfleant at 8 li level 



on an avi&r«i«, th« dryHB&tt^r yl«ld of »mm^eu» 

«8tfer P̂ Ĉ  wa@ biCtM«t» »tiil« i t WM 20v«iit wmUmr ^Q^Q* ^ t 

MMli iiiff«r«ae« was observwl ttiii!«r F̂ Ĉ̂  and ^^^^^ P<»el94 

MMlyals of dbry««atter yioldo of oaiHUlowp of a l l the four 

foera did not iriioii aajr atgnlfleant differeoDe ta^or «ny of 

tbo treatiNintB* 

Pry^nnttor ytold of f w a r t 

tbo ragolte of dry--Motter yielda of i tyay end tho 

ooliMiMd analysta of the <fata for fatir yeara aro roproaontod 

in toMoa 6 ftnd T reapeotivaly* l a tbo year 1064<->d5| tlioaib 

ttia dttforeoooa obaervad aora tmt a igaif ioast. the yield 

OBdar P|C| waa highant, ahila leaat wae ohaenred under Î QCQ* 

> |CQ and PQC^ did not differ nueh* In the yenr 1965-63, VQCQ 

yielded the Icaat and i t w&a higheat under ^̂ Ĉ;̂ * !loaaver« 

the differanoaa were non aignifioent* Bataaan P^C^ and F̂ C^ 

traetBNiBta» UMI yield differenoaa were not auoh* s in i l a r ly , 

in tha yeara 1966^7 and 1967-689 the yield diffaraaoMi ware 

not algnifioant although higheet yield ^aa reoordad under 

P|C^» Vary l i t t l e veriationa w^ra obaarved in the yield of 

auaar wider mat of the tx^atnenta* 

On an fivaraga of the four yeara raaultay the yield of 

isw»ar aader trentneot P|C| vaa aaxiwai and that of P̂ C^ wea 



iBlOftJU Pfy-«att«r yi«ld (g . ) of SSEM ( C . f ti-wroap^oimi 
frcHi a patoli of o«fi n* x 0«e »• («ver«g9 of 
6 roplleotiona)* 

TreatMBti Y E A B S t Avornso 
: 190 •65» lOe5*06t 1966-6TJ 196T-fj8 t 

Vt 
t o 

Vl 
P C 

t i e * o 

108,3 

lOT.T 

t03»l 

130,5 

134,6 

12^,1 

118,6 

149,7 

128,2 

137,0 

134,3 

66 ,3 

02 ,0 

63 ,3 

63,7 

116,1 

108,3 

loe .T 

104,0 

treataent N . s , N,S, 

i . S , D , 
Pi 5 ^ for 
treatnent N , s , 

C,V, % 9 ,6 

K,S, 

N.S, 

N,S. 

N.S, 

N,S, 

13,5 14.9 12,2 

T«hi» 7. Pooled analyais of 6vy««attor r to ld of nairar 

souiroo i ( l , f , i 
t s 

9 , 0 , S I B . 3 , 8 , Sobs. Pm t Ta^ lO P , 

Y^mrm 3 

TroatMonta 9 
a.Colturo 1 
ti,F}M»aphat« i 
o ,Intornct loi i 1 
r X f © 

Pooled enror 60 

76700,99 
1603,80 

790,63 
717.70 
96,40 

1422,69 
13308,34 

2S566.79 
534,60 
790,62 
717,78 

96,40 
158,08 
3<ll ,81 

«• 2 ,76 4 .13 
3,38 H,S,3,86 6,99 
6 ,0 N,S, 6.12 10,56 

< 6 N.S, 5,12 10,56 
<1 K.S, 6,12 10,56 
^1 N,S, 2,04 2,72 

to ta l 95 
• I W i t » » i — > « H i 

** Slgolflaant at 1 ^ level 



•dB«14«r«d pt«etie«ll)r •qoal* A •iMilMr trend «» that 

•hmmrwi uitdar aiwh—IP doe to dtf feroiit tr»ftta»iit« « • • 

BaULiit«ia«d la tli« ptodnetloa of dry «« t t« r of mmBTm 

l y inoeiaatlnf ooeda of togwBitiDtt* plaatay tb«r« eaa 

1»« sa laci«i9«o ia tiki drj^Hmttor prodttctlont eoftalo-fonuitloat 

Bltro£«a eoatoat or total nitrogea uptako of a plaat. H^aoo 

total aitroioa oootoat waa aotoratwid aad tha tota l nitrogaa 

aptafea »aa aalealatoH* ilia reaalta for nltrogaa aoateat of 

aawaiwiap (talila S) andor dtfferaat trentiMmta d&d aat aboa 

aagr ra ia lnr t ra i^* Ttie alti^gon parooataga aadar P|C| aaa 

Bot cMaaaaarlly ttie bighaat and that un<ier f^C^ Baa alao not 

(Mwaaamiy tba lovtaat* 

-flm maulta <^ aaalsrots for totat nitregan oontant of 

awar plaata ara praoaatad ta taUa • • Bar«t ^f*^$ ttiara ia 

aa el oar traad af traataent diffaroaaaa yaarwtaa* on M I 

averi^e, thera mam preotlaalljr rary l l t t l a dtfferanoa la 

tlia i^trogan aoataata uador diffaraat tr«eta«ttta« 

fka reaulta far total uptaka of altrogaa toy anaateiffi 

plaata and ttee aoatolaad aaaljrala far tlai four yaara data are 



-6T-

m i J L l * « * • • ! mtfofeii ^ r o«ot of aanwiiaMi piwit 

ma^ritl twom « pmt^ik of o.e • • x o«6 • • 

CiMrwio of 0 r«9U«iitl€>ii«)« 

<»«»«w»i>i««»iiiiiiiiw»i>«i«»iigMW«w«NWiiii»«>iw«''«iii»wiii •i«»ii»»«»i«»<»«iHi»«i'<iiiu«iiwi»«iiimiiiiim'Miiimmn»—««i—ii » — i i i M 

Tf«ittatntt t E A B s t Avorago 
t i9d4««6t tses-eet 1999*071 tmt'^m t 

Vi 
Vo 
Vt 
v« 

8«MI 

8»8a 

a»64 

a,t8 

s.as 

9.34 

3«28 

3«3i 

8«19 

9 * ^ 

2,09 

3*11 

l .Bf 

l . fT 

1.T9 

i , t 3 

••ft 
2.80 

9B-W^WP 

9*80 

yii|lio 9* l^tal BltyofOB ^ r oeat of ĵ iwiftr plant iieterlal 

JN«« a paiaii of 0«9 »• x 0*9 • • (arttrafa af 

9 raplieatiofui)* 

imt''>m0Mm<immaKm'mm'mmmmmMmimmtMmmBmimm<miuimmm*mmm»mmmmmmmtmim»»mmi<mmmimi^ •iii»ni—»« 

Traataaatt V r ik R 9 1 Avaraia 
t i094«9Sl 1998-«6i 1999»97t I097.99 t 

Vi 
Vo 
^lMII|||»«rai«Mllll»<>l«IWI»»IWi|||<i<WI*»l»l«iWi»»«l|»»»lMi»l»MII»««i»l«M'«ll«iii||«l 

4*»t 

4«39 

4«e9 

4.99 

4*19 

i«3i 

4*17 

4 .as 

3«97 

3*0i 

9 .89 

2.70 

3«09 

3«i i 

a » ^ 

3*99 

3.99 

3.91 

9«03 



pr9990t»a in t«lil«« lo and l i rosiwetiwljr. In the f i r a i 

t«« iroarg of the experlaoat, tli9 to ta l »ptfik« of oitfogoa 

^ i M I i K i>taat« ooder rĵ Ĉ  ttootamit nwi Higlioat followed 

l̂ y F^CQ* ^ O loivoot ttptako wao olioorvod aador P^C^ durlflg 

tho 11 rot irocir of tbo oxiN^riMoot ttad undor PQC^ during tlw 

•oeood y«or« Qpr^vora tliooo dlff«reneoo In Iho uptaico of 

altrogoa woro ^i^HBlfloant only for the f i r a t year* In tlia 

yoor 1966w97^ veiy I t t t l o difforonoo ««a obaorrod in tlw 

optako of nitt^gon t>y aanntiop plants unrier th«» treataenta 

P^C| and ^i^'Q^ L^eat upiaka waa found In P^C^ bnt h«ra alao 

trc^atsant dttfttraneaa voro not slgnlfloant* In tite l aa t 

y^ar I967<»6g9 f t vm •tranga ^ a t highoat altiogan uptaka 

«aa fonad i«d«r V^G^ and lo«oat imder P^C «̂ % • lipinka 

diffaronaa hataaan P^C^ and P^C^ «»aa not imali* 

On as airaraca* tota l attrogan ttptaka ««a mnlMHi nnder 

treatnant P^C^ and vinistni tincier ^QCQ» '^« nitrogen optaka 

^f ••ttftl'wap pl((ota nnder P^C^ aaa alightly aore ttmn that 

of ^fpQ* thuBf tnooolelioQ of otiittire with piwiiiteata 

applloatioa aaoMid to bo honofleial in inoraaaing tba uptake 

of nitrogen of fpagnhenp pi ant a Iwt the oosbined enalyaia 

(table l i ) of total uptake of nitrogen by aannhenp plenta 

did not ahow m^ aignifioent differenoe mmag the different 

tr»ata«ota* 



f i^ l* 10« Total uptalM Of Qitrogon (g«) of aoaiiiiowp 
plaal iuitorlal froii s patoli of o«6 n s 0«€ n* 
(nreroge of 6 roplloatloao)* 

Tr«at»«iitt Y E A R S I Airorago 
t mmmmt 1065-661 1666»GT^ 196?<»68 t 

Vl 
'I'o 

^#TlCft 

10* S6 

0«O3 

3 .90 

6,S1 

10.65 

9.21 

8.73 

8,99 

f . l i 

7.18 

6.40 

5«93 

3 .24 

3*78 

3.64 

3«6i 

7.89 

7.29 

6.89 

6.76 

s* in*for 
treotttont 0«89 !««S» N.S, H,S* 
W . W W • » — • III W M M W M I III • IWIIMW^MMM Wil>IW«l»«ll«*MII» wi l l Willi* » » • • • » • w i l l ••IW»«»«»<P«»NlMI>«»W><» 

at 5 ^ for 
treatttont 0.87 U.S. N.S* H,S« 
C.V. % 7.6 19,5 27.9 31.7 

fgti^o I t . l^ol«d analysis for total altvogeQ uptidio 
of Banakamv i^loota ftoat a pBtoh of 0.6 ai. x 0.6 ». 
(average of 6 roplieationa). 

mw»mmfmtmtmtmi»'»*mm''immmmm<mt<mmmam'''<mtimmt«mmmmimmmimu • • • • • i in •iim • m i w i i — • • • • • i i » » M » « i i i i « » W i » 

SM»ar«o td.f. t s .a . < • • o . s . toba. F. t Tablo F. 
I f I « J 5^ Jl«i 

<>>*»oMaip<iMWM>aawia<a<*»'WiWBwa»w>ŵ i>*w*wwî ^ mttm'm'WinttMtmmKmmi ^nwniwiMiai MMMMWMMWHMM ——** 

Teara 3 5395.72 1798.57 • • 2.76 4.13 
fraatsoota 3 0.63 0.14 ^1 H.S. 3.66 6.99 
a.Cnltnre 1 0.08 0.06 ^1 N.S. S.13 10.66 
t).r&OSpllRt€ 1 0.47 0.47 ^ 1 N.S. 5.18 10.56 
e.IliteraottoQ 1 0.05 0.05 ^ 1 N.H. 5.12 10.56 
T X T 9 34.73 3.66 ^ 2 N.S. 2.04 2.72 
Fooled error <K> 128.33 2.14 «• • * 
mmm'mmii'i>>m'mi»mm'»mmmi'l»'mimmmtm»immmmmmmmimi «»»iiiMii»iii»w<ii«»»irw»«««««»««M»«i»MWMM>»««i»«WMi»««iw«rMiM>iii IH»IIIMI«>I — 

fatal 05 

•• Slgnlfleattt at 1 ̂  level 



I « e8»« of i i S M i ^otfil iiiti«s«ft ttptelw (table 12) 

Vila iMxIwiB iiMd«r ^̂ Ĉ ^ for a l l tkm ye^r* •SMpt i0d8-66» 

HM î nlimB uptiiE* was obtainod under P̂ C^ for ail ilia 

four yeara* Betwaeo tbo treataeata P^C^ MHI P^C^ftha 

gfoatar aptiiia waa aiwagra foond an(}«r tlio foraiar tr«»at»aBt 

axeept in tha jr^ar 1966-67 when i t waa practlaally aqnel la 

botli tba %wtmiammt»* Mt tliaae raaolta wera a ta t ia t tea l ly 

aisalflaaiit aiUl|r for the f i r a t year* 

0» as «^©raga» nalmNi uptaka waa reaordad aader the 

IraatMHit P^C|« MMf •ttttanM wMiar ^^Q* '^* aptalM of 

BltfOfOB wBi^r Pĵ C^ waa al&glitljr mar^ tbaa tliat ol^tainad 

«a<ar tlia iraatiBaat ^J^^* ^^f tUm loaonlatloo of lagoMO 

aoeda In ptt^nmtmtt of idioaj^ata aaetta to be e^vaaiagaotas 

In IttaraaalQg ttie it|>taka of nitracao. But tlia oosbload 

aaatya&a (tal>le 13} for total aitragan optaka by guwar 

planta under different treatnenta did not abow any 

algnlfleant differeneea* 

#rgattlo Matter eontent of aolla ondar dlfrerent 

treat»enta before sowing aanoh^p did aot abow any wide 

dtfferefieea £io« yciar to year aa aoon fioii tba table 14* 



plneit material froai a patoh of o»d s , x 0*6 • • 
(av«raga &t 6 roplioatiotui}* 

frea&watl Y E A H S i î .varaga 
J 1004-.65J 1065-66$ t066-67: 196T«08 I 

l-jCi 

'!«=• 

Vt 
• j k * ' A 

3.44 

3*04 

3*811 

2 §94 

&.43 

5.61 

&«31 

5*06 

4*39 

3,88 

3*91 

ŝ n 

3 .01 

1.94 

1.86 

1.79 

3.79 

3*67 

3«4# 

3.37 

imiHIWMIOMnilWMMiHWIIIIHnilWMllOTIMtlimillil a»«»»l>MWWil»»iWlMlil«Wllllwl»«»liM»«»W»—MIKHHH——— • • « l i W 1 » — M m « « 

s . EM* for 
»f«l|gaBt_ €.13 ..N.S. N.S. N.S. 

fit 3 ^ ItiS' 
tra^teeat 0*39 H.s. N.s, I4.S. 

C.V. « te ,5 17.8 26.5 16.5 

f<i^la 13. ladled aaalyais for total nitrogaa optako of 
temar plaata twm a patoti of 0.6 n. x 0 .6 n. 
(iiV@rag« of 6 rapltoAtioaa). 

Sooree fdl.f. t a.a. i m.s.a. s o1»0. F. i Tebla F. 
t I s I t s,% n% 

Ifeer^ 3 1346.80 448.82 ** 2.76 4.13 
trm^tmutu 3 0.70 0.23 <1 M.S. 3.86 6.99 
a.Cultitr^ 1 0.01 0.01 ^ i H.fs. 5.13 10.56 
b.l'teo»phnt@ 1 0.06 0.06 ^ 1 M.S. 5.13 10.56 
o.lntaraet&on 1 O.o 0.0 ^1 N.s . 5,13 lo ,56 
Y X f 0 4.34 0.48 < 1 H.S. St.04 3.73 
Pool»6 error ot? 33.11 o . s s • « -

total «l 

**̂  ?<lgBlfleaat at 1 ^ l^val 



- 6 3 -

Ait9r grde&Mftassarltigt tho organlo Ktatt«r ontfiist liser«iiiai«(| • 

in fill (lie yewtn «3roept 1965-36* On an aferiis«» the organio 

Mittear eoiit@nt of eotl nttur gjreeti-Maiiurlac «i$ii eannnegp 

pl^ata wi'^er f>̂ C!ĵ  sttowed • wmmUmm %mvm*$ etitlo fiieiisuai 

laereaee «ae fonmd under P^C.. fhust ther^r eeemni to Ibe a 

• l t£ l i t iiii»i«vitB»iit In Abe organio »att#r oontent of ooll 

whioli woo ir«oa««««in»^ every yoer wtth yanajwawp under a l l 

tlie tr«fttaeBta« %m% ( M differenoee were not of tiigji 

vefttlttwde* 

Soaialtet of orgs^c Batter eotitent of soils af ter 

ere@i»»«ao»rliig; » i t h ^uwer (table 18) aiioved thr^t on an 

Qverose tiieyo mm a alight inereaae timler the treatiMinto 

Vj|Cĵ  aii^ ^0^1* ^"^ ^^ " ^ ^ iaprovoMeat ffao observed under 

treatttents F^C^ and F^C^ after four years of sroottHianuring* 

the total niirogett oonient i*S the soi l wen of the 

ord^r of 0*032 por oont before aoKiag« gven^nisit grooo-

samrlag wag done for four yoare, there wa» ne substantial 

iKprovesNittt in the nitrogei^ oontent of soi l (tables 1@ 

and 17)» 



y ^ U 14* POT «#at »©ll orgsolo aett«r l)«fnr« and 

attiir d«eo»po«ittoii of burltd plants of 

BSSSBSSISC* 

¥@«r t 0*M« % > o,M« por oont aftor dooonpositton 

I aowlBg t * * I » o , o » ; Vo 

19M-«5 

iseiw^e 

1»6<W6T 

t967.68 

Aire rage 

0*60 

0«82 

<I»S8 

0*81 

0«85 

0,60 

0.81 

0.67 

0.73 

0.88 

0.88 

0«83 

O.fM) 

0.76 

0.84 

0 .70 

0.88 

0.84 

0.78 

0.80 

0.60 

0.88 

0.84 

0.73 

0.83 

•yaMo 18. For ooot s o i l orgaiilo natter lieforo «»« 

@ft«r doeoiBiMisltloii of bariod pleata of 

•>IMa»W*flN>4MMMMH>«<MH»«M4V4HMH«MI«Wa»«HH>»4aMlMa* 

ir^er s o.ii. !% 1 o«M, |><ir ooat after dooonposttion 
I liofore I P.C. I P*C« I P«C, t 
t soffinic t 

FjC, I r c , 
t * " J 

Vi 
<iiimr>«» I nil ininiiii — iMii»iiiimiiwwii«i—.iiii—I w i — • • • • • • . • • n n i i n ' i ' n — » ' " " i i i n «"iiniiiii niMiii 

V C 
*0*0 

•MiMiwBMnar 

1984-8S 

i988-»86 

1966«^7 

1967-88 

0*70 

0 .83 

0.81 

0«8B 

0 . ^ 

0 .57 

0 .87 

0 .58 

0 .70 

0.S8 

0.58 

0.81 

1 . 0 

0.85 

0.81 

0 .82 

0 .70 

0 .83 

0.81 

0.80 
——mWWl i»» IMII • • M lilhiW 1 1 — • ! <—— 0 » Mm • 

0.68 0.89 0.67 0.68 
• • « — i i — 



J|ggy|J[£« UMI «ffeet of 9tt«d InfvstAtloii with •fiiao%li» 

oolttts^ »llli end vrithoat P„0 on nitrogen 

m»m%&mt of s o i l {%} after aoooiqposltloa of 

aoonlieBP pl«Bt« (e'rerago of @ rsplloatlono)* 

TroatMiattlloforet v E A B S 
tflowlngt 1964-6St i9$9-66l 1966-»0T t 1967«»e8 

P,C, 

h% 
Vt 
p C 

^«l)l© M^ 

0*033 

0*032 

0.032 

0.032 

The 

0.032 

0.030 

0.031 

0.030 

effect of 

0.031 0.039 

0.030 0.029 

0.031 0.089 

0.030 0.029 

0.039 

o.oae 
0.034 

0.033 

soed InfestBttoa with rlii»abi< 

oiiiture wltli and wttlu)tit PgÔ ^ on nitrogoa 

oenteat of aotl {%) of tor doooaqposttlos of 

Ul£ pieoloC average of 0 ropliootlooH). 

«iW»<»WIIIIIWWWIllll«W<l»«l»<»»«M«««IWI<WMIMIiMII»l«lllwiM»IIM»»M«IIWMI»ll«li« 

TreataoBttSoforos Y E A R S 
IMtflagt 1964*061 19e5»6ds 1966.67 S 1967-06 

' » « ! 

' t^O 

Vi 
Vo 

0*032 

0«0S8 

0«032 

0.032 

0.043 

0.036 

0.035 

0.034 

0.031 

0.030 

0.030 

0.030 

0.034 

0.032 

0.032 

0.030 

0.032 

0.033 

0.034 

0.031 



* . . 

f M iiiprov«mHit In syMblotlo altrog«ii fiacflttoa 

%f<»«i^i elMiitt l̂ y iaoettlatloii may mt 1i« r«fl«ot«d la th» 

BttttMi«a oentottt 9f soil •« tii« amtiiait of nltrogoa Is 

MMlI ead t« not iUcely to 1»« eloarly iodleatod t>y tho 

KjoldaMl wttlKx!* liowevor, tliio firildltional attrogon is 

ltlt@ly to boiKifIt tho ooMoedlag tmrenl crop. ThoroforOf 

whffiiat »aa gw^a oa tbo smm gro^t-mmirod ploto hy 

appljriag the roeoanoatfad goaa of attitigoa vlas* $00 kg«/^a» 

ia tlio f o m of ui%8 ia tho f i r s t year, 'mo total dry s e t t e r 

pit»dttotd is i-eiHirto^i i a t«Mo 18» 

l a o@8« of whoat followlflfi aaiyî MMMg gi«enN«aBuriBg ia 

tiMi y«ar l96iW6t, tbo loaat ytold ira» raoordad uadar pQi'0« 

Xt waa Iiigiieat witfar ^^pQ* Traataaata PQC^ aad P̂ Ĉ  alao 

yialded w>ra ttiaa P^C^ bat a l l theaa diffaraaeaa vara aot 

atgaifioaat* 

Xt waa tlioagftt tlia diffai^iH»aa dae to taooulatioa 

tfaa1»aat aay aot 1>a rafl@etad at tha b i ^ leval( loo tmm^/hB^} 

• f appllad f a r t i l i a a r alilali ia tlia optiawi (foaa«Ttiarafo]raa 

MHit yaart a aaellar doaa of attrogaa H a * 48 kg* I 0 ia * waa 

appliad to v^aet orop aad the effeota of tmataaata atudiad* 

Xt »aa obaarvad that P̂ Ĉ  treataaat yialdad highaaty ahiXa 

Iwtaat yiaXd iiaa raeordad uader P̂ Ĉ  hut tha raaalta wera 

aot aigaif loaat* 



00 • • av«rai», P̂ Ĉ  gw Um lilgriett yi«ld,wlilltt 

limr««t yloI(A oiia fveordedl under p0C|̂ « ]̂̂ C0 Mid P̂ Ĉ  also 

yielded slightly higher thaa PQ̂ Q̂* "̂ ê eo»l»lited eofayeie 

(telble 19) ef tlie yield date for tee years did not shoe 

aor signifleaai treetneot differences* 

^̂ '"̂  B̂̂ ifly wee used as a green-aamirli^ orop, the 

diSNSetter yield (table ao) of wheat la toth the years 

»«• iil#ii&st vm&^r ^f^f while it eas le)>fest under ^QCQ* 

V^CQ yielded slighlly higher than that ohsenred under ^J^Q* 

bnt the resnlte were statletieally eignifloaat only for ttie 

year I t d T ^ . Anongst P̂ Ĉ^ and P̂ Ĉ  trea««ints, no naterlal 

dlffetvaaee wei« oMalned in the drynsatter yield of wiî at 

dttrlag Ibeth tfte year** Pooled analysis (tahle 2i) for the 

tmtt years yi«»ld data did not bring out aigr aigaifleant 

dlffer«Mes doe to any of the treatnents* 

Yield data ef wheat seed fron the field greeoHnamired 

^^^^ s«Ma>iM|Hi[̂  are given in table 22* Hw results revealed 

that l ^ e e t produetlon of grain vms reoofded in the treataent 

P^CQ, and f^^i mm highest in the first y<»ar and P̂ Ĉ̂  in 

the seeon^ year*Bttt all theae differenees were not 

signifleant either for indiiridual years or for the eonbined 

reefilts of two years (table 23)* 



T«»l» 18. mty^matter y le l f ! /of vtmmt plaiita grown on 

p l o t s groeOHBfumrtJd «rltli ganiiftjioap fmm m pntmh 

of 0*6 ffi* X 0«6 »• (average of 6 raplieatlotta)* 

Traatiieat t Y E A B 8 > Airaraga 
t 1966-67 t 1067.69 t 

hh 
h% 
Vi 
P^C« 

411.0 

434.0 

423*0 

386*0 

367*8 384*a 

^ 7 * 6 380*8 

310*8 371*3 

337*6 361*8 

s*£iB* for 
tr«a^Mnt 

4MMM«W«M«MMMMH«aMlMI 

L.S.D* 
at 6 1J for 
troatpant 

cTvTT 

?4*S« H.S* 
• iciM>—Ki«MiiiiMi"—lull aa ww>wwwwMawi»''WWii>a 

N*5, 

0*6 

N*!l* 

19*2 
IM«MW«»«M«aMaMlik«M«»«IMIMMM 

fable 10* Ptsoled aaalyala of wheat y i e l d preee^ad by 

aennheaip graesKaiNRurlne* 
tim m » •—wMiiMi i i—Mi*—«•«*< 

roarce td*f* t e«s* i fi*a*a* iobs* F* i table F* 
S I I i 1 6'̂  t 1^ I • • Hi imi mimmmMm — • m u M i i i - — » 

Taafti 1 

FreatiBenta 3 
a*Ctiltar« 1 
b*l*liaa|)liate 1 
o . l B t e r a e t l o n 1 
f X ff 9 
Fooled error 30 

80031*33 80031*31 26*5** 4*17 7*56 
3561.71 1187*34 ^̂ 3 N*S* 0.38 20*46 
450*00 450,00 ^2 N*S. 10*13 34*12 

3992*34 2992*34 7 .0 !I.S.10.13 34*12 
119.37 119*37 <1 N.f?* 10*13 34*13 

1273*46 424*49 ^1 H.S* 2*92 4.81 
90278.83 3009.29 - m m 

Total 47 

** Slgnlflor.at at 1 ^ l e v e l 



«>6e-
C%') 

fa» l« ao« ftry-.«att«r y t e l d | o f wheat p lants grfwii on 
p lo t s ij(r««iiHiaiiur@(! with auwar f i o« a patoh of 
0»@ n* X 0 .6 II* (avttrago of 6 rop l toa t lona) . 

HWiimwcMMMMMmp ••iWilWWiWHWWi'—i—iWI—«•»—PiMilwiililMtiWi——•»' 

treatMQut t 
I 

¥ !̂  A R S t Avorafta 
1966..67 1 1967.68 t 

Vi 
O 0 

446*0 

431*0 

425*0 

4^5*0 

440*0 

368*0 

360*6 

940*0 

447*5 

300*6 

387*8 

387*0 
i»«l«li..«;i»<iiiii— 11.111 II ^^l»lll^•l•l•l«.^»l^^l^lll»l••lll«^•^^•»^ll»«|^»^"^^i^^^l»r'^^^'^|'^^^^^<IW>^••i•^«^^.Ml^^» 

S*E8I* for 
traataiotit N*S, 20* S 
trnrnmn mm»mMmmmmitmmmm^i»4tf*mmmmmm 

I. • S • 1« * 
at 6 ^ for 
tract t«aiit 
• i w n i i riMmmnin 

N,S* 61 .6 
• wm ••> w tmmmmmmmimmminimmmmt'tl^ 

C*Vt % 14*8 13*3 

yidfela 21« Pnol«4l ana lys i s of wiieat y i o l d pirooajMlad 

souraa td*f« t a*»* i ist.s.a* : oS>a* i\t Table F* 
t 2 i t t 81^ < 1 ^ 

Taars 1 

Tra&t«io.iita 3 

a*C«ltuf« 
f>*I'^05I»fo|)te 

o* I i i ta ra« t ioa 

Y X T 8 

Peolail €)rror 30 

1 

1 

1 

33814.09 33814.08 10.3 ** 4*17 7*56 
28166*30 9388*83 ^3 H.S* 9*28 20*46 

6074*08 a674.08 Z^2 H.S* 10,13 34*12 
150S1«08 15061*08 <4 H«8* 10*13 34*12 

6441.34 6441*34 ^2 N*S* 10*13 34*13 

11587.62 386^*54 ^2 K.S* 2*02 4*51 
39070*13 3302.34 • • « 

Total 47 

»• s ig i i i f lo^i i t at 1 ^ l o r o l 



gr«0ii««ainiftM! plots of 0*3 «• ac 0*6 a* 
(ovorego of 6 replieatioius)* 

TrcfAtROiit t Y K A E 8 i Aimrftgo 
t ISee-ST I 1967-08 t 

p^€| ioe .o lao.o 144.s 

PJCQ llft,0 iTS.O 14T,0 

F^Cj 121.0 iTa.O 14e.S 

f^€^ i06»0 t66,0 18^*8 
<BW«»«»i»«w«»»<r»i»>wii»iiiiMi»»'«»«»''«»'i»«**»iii'» »ii»»ni«iii««*i»«i«iiiiiiiiini m m w<ii«»»«iii i i»«»'—»—•««•«» 

S»Fji,for 

mttmmMm mfH i •—i—wt—im« — — — J W — W I I M I — M — I I M M I W H H H I I » « » « • < — i — t 

at 8 4 for 
troat»0iit N.s* N«s« 
lai—<Mi.<»WiiiinTm~TfwrTTiiriii[ir rr-ni^iirii —iiMBiion^--Triii iirrTrr7i«»-nT--iTiT-Mim'Tr-T>w>ifmi-TTrBBi—r '' i i"i —' 

0«v« % so*6 Si .a 

Tal>l« 33i, Poole^l m a l y o t * o f w!ie«t«>6raiii y i o l d taken 

' v * ^ ĴftiiBhiWiip groecMseQurod p l o t s . 

Som^OO S^.f* t a«8« i ia*s*9« fot>o« F. < Tablo r . 

S 4 S S 3 5*1 t l ^ 

T«ii»iij 1 4aied«o2 42186.02 *• 4.i7 t.ss 
TrootMOta 3 i3d7,aa S5S.74 ^3 N«3« 9,3S 29*46 
A*GuU»jro t 379.69 379.09 <3 J^.S. 10.13 34.12 
t».̂ ilO#it&&t@ 1 462.60 462.60 <2 N.S. 10 .13 34.12 
e«Iat@rd6tlon l 824.94 824.94 ^ 4 M.S. 10.13 34.12 
T X ¥ S 732.73 244.£4 ^ 1 H.S. 2 .02 4.81 
Pool«i'? ermr 30 23862.^9 796.08 «• « « 

>•.—Mfc MB >Wmi»gnai<H|Hiii»<l»iii» <••<>§• Win 

f o t a l 4? 

** signif leant at 1 ?t l@ir«l 



fable ^§m '<flioat«.grei» yield (g^ token from svm&r 
«vee»HiaBure«f plots of o*a «« x 0«a a . 
(average of 6 replleattone)* 

f]reatii«fi$ % ¥ E A E s s Aferage 

PjC^j 1 0 9 , 0 

f^^C^ 128,0 

BtSm^ for 
treatiio{»t K«S« N«i, 

iiw«i«3«3 

199*0 

187.0 

168.0 

1T4.5 

102*0 

166.5 

148.0 

©t 8 *̂  l or 
K . .•••?* N , S . 

C.V. % 10.0 18.9 

tattle :S5J Pooled aoaly^cle of wttet^t-gralii yield taken 
f»o» iffiiwmy greof>HBamire(! plote. 

<>iaiiWpiM»eeetieeee«Miwiie«i»ii«i>iMi*»ii wwnwiiiiwuwrMw.—>#iiMwb *iiW'M»::aMgiMi.w>M»ew*Mi»<'W'»WMi*e mtmitim^iiiitmmmmmmmtimimmmtmt^mmBmmmmmBmtm^mti'm^ 

murem td.f. i s.s* i is.s.e. tobs. F« s fable F. 
.̂^ I J i i J 3f» ; l# 

• • 4.It T.56 

^1 N..<l. 9.28 29.46 

<g NoS. 10.13 34.12 

b.l'Hospiiate 1 1386.75 1:^6.71* ^1 N.S. 10.13 34.12 

e.Isteractloa l M6.7S 546.75 <;! N.S. 10«13 34.12 

f m. 'i 8 6057.84 aoi».13B 2.4 N,S. 2.92 4.51 

PtiOlad ©rrof 30 25223.83 SiOt?*! - - « 
Total 47 

*-* signil leant at 1 % level 

Yeare 
Trec»t«©nt» 
a.Culture 

i 
3 

1 

^208*33 
4754.83 
ailSl.33 

90206.33 
1584.94 
2821*33 



Whmi thm Kr«eiiHuiaiiilaf » M doott with gmrMp. tiui 

grata yi«14 of wheat (tabla 24) ia tha y«ar 1966*67 ahonod 

varar l l l t l a aiffaraiieaa aaongai ttta traatiranta ^j|C|| PQC^ 

Mitf ô̂ Q* Lowest yield was obtained oader PĴ CQ but tte 

raatilta «mm mm»Bigtiitlem%. tn tim Ifl0^0m» the hlihest 

gralB yield nm reeoirded ttwier FjC^ aad loweet ttmler Î QĈ * 

'I'o •*• V i •»•• ""»*« " * " **•» *̂ "* "»«•' *•" •*»*"» 

bttt all theae dIffereiieeB wai« aaii^dlgalfioaiit* Coablaed 

aaalyala of yield data of two y^ara (table as) alao did aot 

iadloiite aay signlfleaBt treataeot differeiicea* 

NItrogMi ooatent of wheat fodder froa plota green* 

aaaured with aonnheap.preaented la table 26, ahowed that 

I t traa klghoat uader treataaat V^^ In the year 1966-67» 

Willie It irwrled aftrrowiy ^aongat roat of the treataenta* 

Xa the aolMieqoeat year, praetleally the aiaM trend waa 

palntalnedtla the ease of wheat grain, the nitrogen oontent 

waa highest wular F̂ Ĉ̂  and praetleally equal amter roet of 

iho troataeata* 

Xa tiMi oaae of »h«»t follofflng icuwar green->»naniinng, 

the nitragoa eonteat (table 37) imm fooad to be higheat both 

la grata m& fodder nador the troataont F̂ Ĝ  aad praotleally 

lowoat la F|Cĵ  aad F ĉ̂ * 



• 1 2 -

TitHit afl> fotal nltroiea p«r e«iit of »li««t fodifor and 

grala fro* «»anli»»p g]reeti««fmured j^lots 

(«v<tf«i« of 8 roplieatlons)* 

TrvfiUmatlN ^ of ulioat t Avoragot N ^ of wehat SAverago 
t fodder t t grains t 
li»66«67ti06T*e8S tt960*-67ilOd7«>68 t 

V© 

0*93 

0,S8 

0«i8 

ii«mi 

0*42 

0.38 

0,39 

0*47 

0*48 

0*48 

0.44 

0.86 

2*60 

2.83 

3,54 

3*58 

<l«8t 

3«37 

3,3d 

3,19 

2tB9 

2*39 

2.40 

3*39 
o«Niiimi»iiiM mmmnimmi'iimmif.tmmmiiiftmmmtmmmmtmmtmmmtmmmmif • 

Ttt^lm 3T> fote l alttogen par ooat of whoot fodder aad 

iralofi fro* g«^or gi^os-Aaaarod filota 

<ttrer»go ot Q ropl icat loos) . 

TroatwiaisSi $ of wheat t Averagot N ^ of yihoat lAvorago 
t fodfior s I grata* t 
tl966«8T 11967-881 |{]^6-6711987-68 I 

f^C^ Omnn 0.41 0,48 3«43 3.18 3.91 

f^% 0mm 0«43 0.86 2.55 3.a3 3,44 

r̂ C^ 0 ,8t 0.38 0«48 3.99 3«a4 2«a3 

PQ€Q 0,80 0«44 0.83 3.48 3.38 3,37 

i»«i •• •• 1 » Ml i—ii«ii • • • • immtm iiifulwixwiii iiii «•»• mi m •«Mi«iM<t«»«»'''<—«•———w—Miwi • w • ! • • • • • • « • Mil i « — « — 



Vam Bitrogeii jperc>«iitage of tli« plant tfoos aot iMM«0«arilr 

indient« tll« Availgbl* nittnien to the soil beeause of 

Toriot&oiiff Itt %hQ yioltf* A bettor neaevro of «ho avail oMlity 

«ottld be the total nitrogen nptdio «rbieh la doterBiited by 

ll^ltipl^'lng ih« i^tt«g«n poreoatafo %f the total drr*«attoi* 
<\M 4iv<4m9 try 100. 

prodneadi* In the present eaae, the foddor «e« neparatod froa 

grain and the nltiogen peroontMloa of hoth were detefnined* 

fhey were mltii^lled hy the reapeotive drr weight a and 

addof! together* In 1066*67, the total nitrogen uptakoa by 

vlMat Miier treationta P̂ Ĉ  and V^C^ following s<»>P̂ *i«» 
greo»Hn€»ciring erop (tahle 28) ftmim praotloally equal and i t 

waa tawaat mAMt ^^^i$ ^ ^ theae diffarenoea were non-

ffigoif inant* lo the following year* higheat itî taka wan 

oltaerred under ^^1^*$ while Imrmit waa reeorded imdor t̂ ĉ̂ )* 

lier& also the differences were aon-signifleant* On «l average, 

h&l^at uptake of nitrogen waa found under P̂ Ĉ^ followed hy 

P|CQ» P|^C| and P^CQ in that order* 7hna« treating liimnMi 

aaadia with oultara in prwienoe of i^iosphate aa«Mid t« 

ineietEse nitrogen ttiitakot hot the ooahined analysis (table 29) 

did not show any signifleant effoot on nitrogen optaica duo 

to any of the tma^Mnta* 



tmttl^ 2Q> Total uptake of nitrogen (g») hy vbeat froa 
sanitfifMBP gre«ii««BOurttd plots of 0*6 lu x 0*6 n* 
(wptraco of 6 r«|J>lleatioo«)« 

•t«»MMHito^*NW« 

TroetaoRt t Y E A R S t Avorogo 
| > i > M | l i * i W i > * M I W i « l M M i M M M I M i i W l W W I | N I M — M — m i * W > — ! » < • • • — I — W — i i i t ll^Min^MMMHMHMtiaMM 

hh 
h% 
Vt 
J'^c^ 

4*43 

4 .79 

4.74 

4*se 

9*36 

4*68 

4*41 

4.32 

4 .8« 

4«0f> 

4,S8 

4*44 

s«Eii,for 
troatnoat K»S* N.s* 

Bt 9 ^ l^r 
t f « « t l M f l t f}«S« N.S* 

C , ? . ^ 3 5 , 0 3 1 . 3 

yaiilo 3I>« pooled Mialjrsls for total aptako of nltrogon 
by Hlicmt froB BonmhwBp groooHianiirofl plots* 

Sotiroo i d»f« t 8*8« sti;«s*8« lobs* F« t T i ^ l e r* 
t.. ^ t I ^̂  . t_ •.,,.„ _,,„._|„_S"^ t i'^, ,„ 

Y«»r» 1 0.05 0«03 ^1 N,S. 4,17 7.50 
Trootmnto 3 1.3S 0*48 ^i N«S« 0,28 20.46 
a.Ciflttjro 1 0.00 0«09 ^1N«S« 10.13 34«t2 
l)«FliOophat« 1 1.10 1.19 <2 H.S. 10.13 34.13 
e.IntoreetloB 1 0.07 0.07 < i H«S« 10.13 34.12 
Y X T 3 2.34 0.76 ^1 N.S. 2.02 4.61 
Pooled «rror 30 

Total 4 f 

@3.41 1.78 - mm «*» 



•tS' 
(8. ) 

^SM±M» "^t^i «ptal» of Dlt3Kii«i^r wheat tmm SSSM 
greeiiHBaiiured plots of 0*6 a« x o«6 B* 
(mrorago of d r«pliGatloii«)« 

TlWiitiMiiit t Y E 
8 ied0«6T iraiiiwiinMumi 

R S t Avorago 
t 

P C 

4»Si 

4*92 

4«n 

4*92 

5*45 

5,24 

4« t8 

4*59 

5 .13 

5*08 

4.T0 

4 . t d 
IWiMll lhi»—HI«»« 

s«&nt for 
tre&tMiiit Ht S« 1*1. S. 

t . S . D . 
ftt 5 5& 1 ^ 
trofttaont 
c.v. f* 12,6 13.5 

Tetlo 3A» Pooled anolyois for totAl uptafeo of oitjrogoii 
1^ w}t«*at twm gawar ivo^eHMunirod plota* 

Sooroo t <i!*f« s fi»0. iR.s.g. loba* F. 
t } 1 : 

Toars S 6.38 0 .38 
TroatMiots 3 1.85 0.82 
a.Ciiltairo 1 0 .01 0.01 
It.i^hospliete 1 1.83 i . 8 3 

o.!at«rQctloa l o.Oi o.Oi 
Y X T 3 1.50 0 .50 
Pooled ermv m t3«83 0.42 

I Tablo F . 

< 1 N.S . 4 ,17 7.56 
4, 3 N .S . 9 .28 29 .48 
<̂  1 H.S. 10 .13 34.12 

3.08 N.S.I043 34.12 
^ 1 N.S. 10.13 34.12 

1.1 N .S . 3.92 4 .81 

Total 47 



•76-

I ft thm yemr 196e«67» to$«i uptcdi* of nitrosen by 

wheat foUovlag ^mmr gMeti^mniiinfig was highest uador 

treatvents V^GQ BM F^C^ (table 30), whU« i t was l«aat 

ttotfar ^QG^ and ieteiw«aiat« l» ease of ''i^i* ^iow«vor,the«o 

dlfferoneoa wera tton-sigBifiosnt* In the subaai|oeiit year 

aIso» traatKant Hiffaratioas wara ooii-aigBtfloaat, but the 

ttptaka was highest onaer P̂ Ĉ  and lowaat under PQC^* ^ a 

oittaka of nitrogen ii»d«r different treetnenta oan be arranged 

in the dooreaai^ or«fer m P̂ Cj > P̂ Ô  > V l * ^ V o * 

Oa an average, almost aieilar order ^aa nalntained 

with very l i t t l e differeaea between the last t»o treetaenta 

n s * F̂ Ĉ  and FQCQ* Cofî lned ^malys&a of the data for two 

years (table 91) did not bring ont any slgnlfieaat dlfferenea 

due to aiî  of ttm traataanta* 



.ft&-. 

- iKn pymwi tofostiganoB w8« startoa iB order to 

tm§% Wm 9ttmetiveuem ot se2««t«d onlturos of aJHUllU9UL 

<̂̂  M W ^ iiMMi nltrofMi ffrt Improving grcmth of iliooo 

liMrtaMw gyiiiifiiiir» •ivyo* f«iioii« iMvootigotoro haro 
vtfBVioi tiMi iiiM«l«ll»« tiltti lopiMi •nltofo tepfev^t 
n t i n i i i it«KHMi «gi also «li« jrlold of tito ort>p* ttiao 

IQllUlg ( i t » l | | VliWNI MM trfUMi itWmU mtUr (i943)» 

OroAVoo and iimmt (t980)i S îy^o (t9«2)« Obatiiii and Hiwhor 

(1963), OlddOM (i9«4>, Abol oad r̂dMM (1964), NolNtt UMi 

Itetasob • tiohaer (ItiS}, ntmm* (1968), Itmilor oad tobrtm 

(196t}0 XIek (19i6> Md SMI (1966), to imiitloii only OOMO 

of th«is, Umm t^Kmm that Inooulatios witii leguMe otaturo to 

INHMflQlal. flM Mlootod otroiao put undor HM tout In the 

of imnai toiMtlt«tt«i oero ŝ  of mmHum MM ^ t A 
4IIBII§t HIOBB Witt oolootod on tho hmA» of aodolo eonat, 

«6iifti INI laiNliNii looatioa of ooduloo, eoloor of tb« 

a>iila6 Mi wimm Mittor pirodiio«4 i s 9*t aapitinoato* 

( fatot , t968>» 

wiioa ^ |^»or« toatoi •« tiM f ta ld , i t «aa Umm tkai 

F|C| twataaat, I n im l i r l ^ tiie loooiilation wi th tlio ooloiiai 

ma^ime and aiiplloatloa of fthoapm^t gaft $tm hlilieat yield 



• 

l a t i l * f i r a t y&mr and tii« r««itlt« wmm aignitiematm thm 

t r i a l • wmT0 aaivtad out tor tiir«« yurm mow tet i t »«• 

fottBd tiiat ift mm nf th««« thre« ye»im tlift resalts wero 

• ignlf iaaat* Also the r a m l t a ware not sigiiifieftBt in 

l^oied aaalysifl of tii« riata of e l l ttio four yearm Itotii in 

tbe case of o—aliowp and <iwar» Total mtrogea uptako hy 

the plaata «a« •igaif iOMit only for %hm f l r a t yaar, tmt tMy 

wer« BOt aigalfieaat for the noaet three years* Alao th i^ 

ir@r« oot aigolfietoit whoa tho poolod aoalyala of tiio ^ata 

of a l l %h& foar yetarn was oarriod out* Hio plfuata wero 

buriod ia the soil at floweriag tiao and» aftor thorough 

deooapaaitioa luad takoa plaeo, the oitrogoa eoatoat of tho 

»oll«Haixod soi l W88 dotemiood* Thora woro oo aubatttitial 

dlfforam}oo twlaooa the rariotm traataeata* fhioktag ^ a t 

tho aaall lapmveaeat la aitrogea f ixa t ion , id^ i^ inoeulatioo 

•agr briag alKiai» aay w>t be refleotod ia the total aitrogea 

ooateat of tkm ae i l deterained Iqr the oheaioal nethod, i t 

««a 4oeiiMNi to atody the affeot oa the autoenaaat orop of 

wheat* l a tiM f l r a t year, wheat »aa growa oa the green* 

aaaured f ie ld t>y a^iplyiag the rooowMadod doao of im kg* 

!0 ia* ia tbe fota of urea* I t «Fea fooad thgt "Uiere waa 

praotieally ao honefit doe to inoculation* fhm oitrogoa 

uptak* was not Mgher ia tho P̂ Ĉ  treataoat aad the raaalta 

were aot e ta t ia t iea l ly aigaifioaat* 

The ohiof fi^otom ohieh infl«»noe aitrogea f ixat ioa 

liy leguaos are ^ i l f e r t i l i t y , aoi l aoiaturo, ao i l aeration. 
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t«^p«rfitai«t i>olI fMt ealtoral factors« prtiaetmm or abmmuem 

tn tlie soi l <if syKblotle nitmg^tt f ixers of tteo «p«otflo 

group tmS Ittooolatlon nritii e f f le isst strains of tiis spseifio 

IsgoMs etilttirs*so fsr as f s r t l H t y level is eonosrasd, i t I s 

reports that i f ttis nitrogen status of tfis soi l Is high, 

thsrs w i l l not ti« asteri i i l synbiotio nitsogsa fiicstion* 

^ ^ ^* goi'*^^ ftoila OB whieh the prosent invostlgation was 

oarriod out, him poor nitrogoa status and thorofore, i f the 

solsoted onlture Is e f f ie ient , • Iwa^fioial effect sboold 

lie refleeted la tile total nltroi#A uptake by tlM orop or 

total {titrog<»a CQiit$!i»t of the soi l after deoeniiosition of 

tbe buried ir»«»ehmaiftire crop* Even i f I t Is not rofleotod 

in the total nitrogen oonteat of the soil detorained hy 

tho Kjeldilil aotitod, the sulistsqoent oorool orop wist be 

henefited* l a ^ e f i r s t sreart the wheat orop eui not 

benefited i^resuaebly on aecouat of tlim hii l i dose 

(100 lcg« }0 ia* ) of f e r t i l i s e r nitrogen added, l a the 

sohseqoeat year, tttten a saaller dN»se of nitrogoa (48 kg* 

H/ha*) was appliedt V^C^ was highest so far as the yield 

and nitrogen laptalce are ooneemed, but the results svers 

• t a t i s t i e a l l y signifleant only In the case of y ield* I t 

spp<!ars that a further t r i a l using a lower dose 

(48 fm» r0ta«) of aitfogee mny hrlag oot elear trend* 
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A IdgOHt «u3ltur« r«qutr<»« Itl^iiri^l qnantltlea «f 

pli08i>iiftl« tor adOQUftte nltrogon f ixation* thmmtorm^ 

pho«}diat« mam itml^94 in %hm treaUMints* lfow@ver, in 

mtm of tbe yac^rot a signifioontljr suporior offoot of 

f o r t i l i s o r ptoflq^nui ^m olioiinrod* Thio ttojr bo duo to tho 

foot that originidl available i>6ospfeiato atatus of t te soi l 

•oa High* ftila faot booonoa olaar fro» tte OMtljrtieal 

figoroa givon In talilo 1 * 

le1ol|̂ l}4@iii» boiic^fita nitrogoii flxattoQ hy logoiioo* 

^ t IB %h» prooent oaee i t was m^t inoluclod in tiM 

ti^atnoiita as iMitybaomiii statna of goradu aoil ia f a i r l y bigli 

(Roddy,1956)• Furthor ti^lA oKporiaaota oarrled out by 

Patol (I66S} by applying •olybdontni salt Im a soi l growing 

a legOM orop bnvm indie @tod no benofieial offeot of 

•Milybdomta implication* 

tSoiatnro oontent of tbo soil wca bapt optiWB 

tbroogboat* g^r^^ soil ia woll-aoratot}* Tho !^ of ttao ao i l 

to noor ao«trail ty end luprovod roooasoMidod oultural 

praotlooa woi^ adoptod* Hoooo tttKuio faotora aro not l i ke ly 

to offoot advetaoly tbe oitrogoa fixiitiOB in the i^reoont 

eaao* Sen (1966) atatod that ^n effeetivo vfttaobiiiB atraiM 

aboold only Im need at plaooa tbat bave aoi l and olimatio 

oooditiona aiMilar to tiN»oe of tba original babitat* Tbe 
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«el«eto« rbtsobiiM •traiiis 9i mmuB^mm and mammr nsod In 

lb* preaeot tavestlgatioa v«re iaolnfd froa plaata 

mfimt ttt soil »nA «lUiiitto ooaditlona similar to thoM 

HI* dM^tfttl porfoiwaoe* «f tfe» s«leet«d oul tores 

in the fi@l<! @{̂  be due to the foot ttiftt thoro ar« already 

•laont Minallr of ootiv* nltrogoa-flxlBg baotoria prosent 

^* i £ l l ^ ^^^^ ^^ tn@ro «r« 90IM otber doaiaant aatagoaistle 

organiaBs Klii#i do not allow tfeto aoleclod oulturns to 

•witfoat tiialr optlMBB porfonuiaiio. Dut boforo aaoh a 

ioaorallaatioa i s wido« i t would b« naooseary to t ^ o 

further trial ^ith wheat orop usiag a aiialler doao of 

fert i l i ser aitfojsoa* 



Ciia|>t«r V2 

To test tlid efftoloney of two selected oultures of 

«•#<!• of ttiese logoMO were inooolatef! and eown In «>riidw 

eel l ttitii sad cirltlioat pttoephate for four eoaeoiie under field 

eoadilioos, "men ploote reaehed the flowering stage, they 

were plovghed In end were allowed to ^oooapose for elglit 

w«ek:i!« ît€»»t erop î̂ s teken le the «a«e plots for two years* 

T&o results oeh!«v«<! are aunnarlsed tteloir i -

! • Oreen«iiattur yield of »acahoiBi> ĉ ad that of Mnwny msm 

aaxiayn la the pt̂ oafi&ata-̂ iiItMre (x>̂ Ĉ ) treatseat and 

laaliiuii ttndor tiie ooatrol (^QC^) witlmat eltiior oultoro 

or phospliate* the oulture wltiioat phospiiate (PQC )̂aad 

pbospiiato without oulture (^|C^) ««^« al>o batter 

ttaaa P^jC ,̂ 

a« The arjMK^ter ytelda of these oropa were aot 

fiigolfiomit e:%oept saonheup grown In the f irs t year 

to whl<^ F|C. was superior* I'ooled analysis of the 

data for four years did not oiiow a slgnlfloant trend* 

3* niero was no olear tr^nd la the ease of nltiogoa 

Ofiatents of the two orops or soli nitrogen oontents 
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nfter thojf ytmrB ploaghed Into tlMi soi l and ancmiMI 

to dtCNompott* «f«ll in ttie s o i l . 

4* fk0 »itwo»&n uptake hy tlitt atttmhii^ erop uainr %b» 

i ltfffrttiit treateonts iiho«>«d • dif ferent trvnd l a 

dt f f«r»at yeer«« Fool«d analysis did not ahoiv 

• i i t t i f l « « i t raaulta* Ylia aitvogatt aptalM hy tha jtmiar 

aroi) under the P̂ Ĉ  traatoant )«aa iiigbaat* NeltHar 

far imSividnal years aseeairt tiia f i r s t aar for tiia 

pooled data of a l l tha foar yaara tim raaultsjt of 

teth tka mtopa wtf a to t ia t iea l ly aignif ieaat* 

• • Tlia total dry patter of attaat pl^nta grown in 

aaaniiafii graan-aenured plot a to whloh loo kg* N/lia» 
jn P|Co-

««a applied aa a fert i l iser^ waa higfiaat^ l a 

the nex% year, in wliioli a aaoller ^ose of f e r t i l i s e r 

J(4li Kg* H/hia*) »ea applied to wfmat orop, P̂ Ĉ  was 

liigltast* Bat in both ^ e years the reaalta «rore not 

aigaifleant* In the oaae of at^ar. i t aaa higheat 

ia PjC^ and loweat in P̂ Ĉ  in both the ynrm, bat 
aigaifieent 

the reaalta '^ere^only for the seooad year* Ihm 

raaalta for wheat grata yield showed that p0Cjt 

la tiia f i r s t jrear. and ĵ̂ C î ia the oeeond year* 

were highest, bat there ware no signifioaat 

diffaraaeaa* 



•« tm tiw Hift r««r the uptaice of iiltn>g9ii by wheat 

VKder T^C^ la aannhe«p w»« leweat and in U» •aooai 

jreat It «*• highest* OB aa avem^^a. It naa highest 

«B«ar r|̂ 0̂  felio,»e<i by P^C ,̂ V^C^ aed r̂ C^ m that 

ar^r* ta ttie ease of ilSi£> the treatfa fhr the ^ o 

y«ara vara Bot alnllar but, the average of two yeara* 

4ata ahowad î iC^ to be hlgheat and P̂ Ĉ  lovaat* ^eaa 

reatilta were alae not atatiatleally algnifleant. 

in vJhith 
7* la the aoaoad year, ithe applied fert i l i ser doae «aa 

low, the altrogen optiiie for V^G^ waa hlgheat and P̂ Ĉ  

low^at in both the greeh««Biiiire eropa btst the rea^lts 

mm: 91^ olgBlfloBBt* A further trial with a lower 

teao of nlti^gea la Indloated to bring oat the treada 

elearly* 



t« AononyiBons* 

a* 

s . 

4 , 

5* A ^ i , a»ii,, tmA 

6« A<̂ asya»c«ri» and 

1M4»1968 "Biologloal nlttogan fixation 

uadar iiiffarant mt^itioim** 

Ami* B«p«, inat.ef Agrla« 

Attaitd(OttJtirot)* 

i@5@-i962 "Biological nitrogen flacation 

umfor dllffarottt oonditlotta"* 

final a«p*, Bapatla»<Andlira 

fvaiiaili)* 

1960*1965 "Blologioal nitrogon fixation 

ttiMler dlfforont eondltion«»"« 

Final Bep«,Liidteiatta(Funjid»)* 

16€0«>196T "Biological nitrogen fixation 

andor dlfforont oondltiona** 

Aim. R«p«9 Pooaa(Hahara8litra)« 

1904 Miaponao of l«eo aojrboMin t« 

to diffoi«nt atraina of 

UlitMMt JMSBitSM' Agron. J« 

19S4 Sttidltts om tim building np 

soil f er t i l i ty by î lKiapbatie 

fortlliaation of logtaMa* 

Inflaonoo of a lognaa rotation 

on tho nlorotiiologloal activity 

of tho aoll*Xnd*<l«Soll Soi. 

^ (1) I 21-29. 



7* Ag,U^tA§ «I«F« 

d, A»1>ika Hugk* 

t« Ae«iit Sao* K«K»| 

to* Aplt«it«rf4« MiA 

StcopAlikov&,c»* 

1963 

t967 

i983 

1063 

ntffpooii« of wheat |rt«lds (« 

tfttfer«iit grsonHRMtire erop«» 

Alleiiiribad Faiwir* H^ (3) t 

8T-90. 

A or t t iea l evaluatioB of green* 

•Milsring e^periiMiito on auger-

•aaa la Nortli l^naia* EM[plr« 

JmJ^U Agrio. | i f 20il«3i2. 

Pboai^atie «anuring of 

jHyml^ggi gre^QHaanttra* tnd* 

J.Agron. I . (4) t 3iS«-32i* 

ftia affwBt of greooHaatmrliig 

on the Hioroflora of aotl* 

Vat«Vad.Xnf«ll?.t V!ft ^ t 

704<-76t (itoad fmi i Soila and 

i'mrU at (1) I 6B| 19<S4)* 

A prallaiinarjr stndjr on tlw 

effect of pboaphate f@rttl.laa-

tlon of a leguae on the water 

ataMa atruotnre of a aandjr 

l e w sollt J«Iad»Soo*Sol2 

sol • 11 S 239*246« 

mailto:f@rttl.laa-


ia« B»mil«r,C«» aaa 

i3« Brtkel, «!,, and 

i4a B09BWKJ|E« 

18* BtHiptl«»E«D«cflll|] 

l̂ »«lltil93r•R•< •̂ 
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196S 

1985 

1964 

1961 

Effe«t of ttM BOiiÂ er of 

rbisobta usod for Inooulatlon 

of yield of luoerno* SappI* 

Aniilt* Inst* Faotoiir. Pftrlo 

tm (3) t 96«102(r),^«ad fitm 

SoUii ftiid rortl 29(2) I 177, 

1966)• 

synfeiotle f ixation of nitrogon 

by tho boon plontCPlwoolttg 

yqlgario. L«)*XaaoiilaUon 

t r i a l s with JUiiotoiaa 

j2i2iaSJUL« !»»"• In»t.A«»on. 

Staa.Baoh.Cftfatiloitx 3§ > -̂̂ (̂  

(Roadl froB Boils and fort* 

g£ (2) t 176, 1966), 

Hio of foot of sreooHiaaaro 

orops in the rotation on 

yioldo of mwm vogetabiloa* 

Roe2n«N8i]k* mji, t 369-403« 

(Hoad froff Holla anci Fort* 

27 iB) t ftl<^ 1964). 

fhe problons of nitrogon 

f ixation hy loganoa in Kenyra 

in rolatlon to ooi l nutrlont 



m&9m 

!«• Chaodaanlt «t«<l« 

I T . 

ob«rt»» s«»* 

^yAllR 

18« Chalea, Q*f* 

• 19« Crow th«r»E#l««,and 

iO* Dfttta, NtP«« and 

•tattt«» Ptoo«0lgiiilt tnt* 

6r«ii«l* Cong.t li^eaim iOSO, 

a44<»247. immA from 5;otl» and 

Fort. as. (*) » *a|:^*»«a)« 

1966 Stiidiaa oa the valiM «MI 

e<ione»isloa of sreon-nfimiring. 

Ind.J.Agr, £(4}i aoo^iS. 

i9S6 { t̂udlea oa tho relative ralne 

of varlooe Hecames aa a aourea 

of gr«»etiHR«nure« Ind.ofcAiion* 

I, (a) f 95»109« 

1061 *Oreeii*Baituriiig apeeiea 

MJltable under flood and 

«>ater->lo(ged aonditiona and 

for different crop rotatlona"* 

f'ftper road at ttea aentnar on 

creen-nanurlnSt BoKl>ey» Oet«, 

1061. 

1033 Uawirlal value of gv«en<-

natinring* J*Koyal Agria«^e* 

Si t 128« 

19S3 Kffect of boron and 

MolyttdenuM forti l lsar on 

1»ereeaR) ffrtfoltiai 

alexattdrlntiii)Watare.l7t t 
134«.13S, 



rartABtefA* 

Sa* ilW4IOMBE«f«0,0« 

• redoitiiV,lii,V«,aiitl 

•89-. 

1962 

1964 

19«1 

Htsttlts of t r i a l s with grMB 

•anuro to «alM,ooiidiiet«<) at 

th« Conad aod CUipa Torsi t 

Statloaa in l96e->50* Inst* 

Agivn*"^ BidEoseu" Ltt««Stlist« 

6^ t 57«64(]io8d fro* ^ l l a anfl 

Fort* 37 (1) t 68|i9«4)« 

Effects Of Inooulatioo ^Itti 

local i so lates of eowpoa 

rtiiaEoblim smA ai»plicfition of 

nitrate - nitx^geB on tbo 

dof€if)p>iM»iit of 9o«|^aii« ihrop* 

Agr&e. il * 343»249,(^a^ 

fr«» Soils aad rart» 27; (^) t 

53i , 1964), 

{"fijraiologioal difforonooa 

tetwaaa strain* of root 

aodulo t>aot«iria of pe» luid 

f^toh nifforitii; in nitrogotto 

fiartm aotivlty* lUorobiologlya 

(fraaa) ^ (3) t 408-411 • 

(Hoed froM Bio.Abat. ^ <3) i 

667| 19«2)« 



••»90«* 

* 34. ri^glsit M i 

a t . B«II««B9 S«£« 

3ft. B»ff«r, A.W» 

i93@ East Afiiemi Agrle*«ldiir« 

£ I ao8. 

t@$4 Effd«t Of adding fialyMenmi 

ooapoiiada to aoyliaaii Inoeelatit* 

Affl«il« J* S^ I 3t8-3e3. 

1980 Inflaanca of lagunoa on soi l 

nitrogen* so i l sel« 09 t 

1966 Ut i l i sat ion of i^tosi^liatos hy 

yttaobliMi app* In relation to 

tholf offlclonooa* f^ll mi* 

PI. Htttr. I t ( i ) » 18-S2. 

!«A.R.I« (Roa4 fitMB Solla 

ami Fort. §£ («) t SiS6,l»66). 

196S Itio effoot of Inooulatlon wltt 

aodtalo baoterla wnd of nitrogen 

fort l l laor on the yield of 

prntmm Tldsskr. P* Av. 102. t 

3.53-^4 (Da.o) i9»»a fro* 

Solla and rort . | i (3) t 

274^ 1066). 

1943 Effect of looonlatlon on 

yield of eannlnis peaa In M«« 

talk s tasa . Soil Sol . 6§ i 

I17*ia«. 



30« %«lEat M* 

3i« J«^«^«» 8«cl»,8ll« 

* SHI* JoaeHlR, A»lt«lt 

94, XlelE, a. 

1963 

1958 

1966 

1991 

1966 

ESttmt of vved lno<»tlatloti 

with IttooriM tUeltf »ol l OB 

tlM sfowtli of lao»ini«(ltodloaito 

s t t t l y ) Exp.AMdls* Bel* X * 

09*103 (S.P.C* 196a)« K«ad 

f i t « s o i l s anil Fort. 27 ( l ) t 

4 6 | 1964}, 

Appllo«itioa of 8ttporpfeM>f|>h«t« 

til XtMiento* Famor. g ( 2 ) i 3 i , 

Effect of pkoif»liet«N»fortllls«6 

gy««a mmmr— &rmn la 

ftSHOOlatloR with nalso oa tho 

jr'lold &t auooeedlng whaat* 

Frooslilliar Amed^ Agrlo.sol* 

jLĵ  I iTv234noB6 froa Soi ls 

fiad Ptrt , ^ (2) t 180^ i96T), 

A Mmual of grooBHianttrtog 

(Ceyloa)* 

Pot aad flotd exporinonta for 

testlE^ th« «ffeotlv«oeao of 

li»gtmffi imevtlaatB^ t aad w 

Foraoli l £ : icviT. (Road tr&m 

so&la and Fort. 3£ <6) t 

5liV, 1068). 
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39* Klim^Tf Wv^UgSi^ I960 

9«» Khtm^ A*B«t •m 198? 

37» KrMill*iillH>v, 

B)̂*A«f AMI 

li»Ili«M>vetf»A« 

38* Ki7love«H»B* 

39* tlalfty L* 

1963 

1963 

1963 

Stii4l«0 on i*MpeiM« of l«g«M0 

to Rolytjdeiiua and lln® 

f« r t i l l xa t l oB oa l!ardla s i l l 

lo«B twll* so i l s e i . An.Piroe. 

14 I 3T7-380. 

Effeot of burylttg 

«m gitioa naaani on i^« yiml€i 

of wheat( Part I I* Ind* J , 

Afr t . % l . H i l t l « l T « . 

VarloMll ty of nodnlit beo te r la 

inside nodolos of legtMMia* 

Xsi^at* %a6* Hatii* SSSR Ser« 

Bio* g8_t 603-7O6* (Road 

f ioa Siol* AHat* 40 I 196T, 

1964)« 

KoU of Bioro eliHRenta la 

aitlrogon fixation* tsv.Akad* 

Nnnli* Sar* blol*!to*5, 718*731* 

1968* (Hoed fit>M Soils and Fart* 

i t I 1963}* 

TlM nitrogen-fisdlni e i ^ iwi t r 

of beotoria in the nodnlaa of 

paa and voteh and tba dyn«ales 

of n i t rosen aeoi»nlotion in 



- © 3 -

40« Lo«kii«B4,A,G* 

4i« iron* '^•U* m& 

1932 

1943 

ot rttiamblm mtriAn» of lili;li 

iilcrog«ii«flariiig oapaoltjf 

iMileieiS from ttie noddies of 

poa and veteli* Asi<oico»tf«la4t* 

| £ f 947-6«0. (BoMf fro« 

Sollo and Fort, 2X » 402,19«4). 

Lopao tnoeulatloa with 

rttlsoMiM straioa* Bept.of 

Agrit CMWda* To«li« Rrall. 

tfio Qatare and pniperllea of 

•ol io* liiMMitllaii Co«t I4«* 

Yoilc* 

42* Maaii» MJKm 

4 3 . 

44, llohtat F«V», 

fmriUh, Hall*, 

198S "Flald stiidlee In groan* 

Manuring". r:iipiro J•EM.pt• 

Agri, at I 274.2ea* 

i9S9 "Field atudioa in gt^etkm 

nanurini;"* n « linplro ^» 

ExpU Asri« IX I 243-88i« 

i0B@ Boooiq^aition of organio 

•Btter in isoradq aoll of 

Qttjarat. B«A«Asri«Coll«}lag., 

g t i2« l4 . 

http://�EM.pt
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48* ^lrehc(iid&iil»f*«I«« 

ami Khm»A»i^ 

46* Mitrftt ^•^•$ »9& 

4f» mwiiiy w«, «Mi 

48. Obatoti, M«» Mid 

1983 «6]ra«ii Manuring** X«C«A«E« 

n9Vl«w ?^«8« . 

ItSS •'Sto relAtlvo «ff«et« ^f 

eiê  bmle »lm$ *f^n rein-* 

foro«ii witli orgmtio mattor 

^ ^ « Itmtftiiff **^ a l fa l fo i 

la r«t«r<ftfic tfiw sltivgaa 

l9fl« irh«B altr«>g9tMraii 

f e r t i l i ze rs l i k« mmmmi 

•ttlpliate and sodlwi nitrate 

are addeil to a lka l i soila** 

Froo.iiatl* Aaad* Sol«,l i»|la, 

^99% m A» I I . < 665«dd9«(@oad 

froa Cliett.Ab8t., ga t 13107 

(a) 1088)« 

1988 ie-iaolatloB t i^ ia witk 

aodNile baoteriaC Iftitgobiwi 8f>p») 

froii a o i l . ZaatM* EMdct* 

I'araaitima A1»t* tX* | | £ * 

B70-578« (Bead fro« Salla 

aiKl Fert* ^ (3) l 2T2^1966)« 

1983 Otoarrationa on Inoeolation of 

laiuMaa ta rraaoa* Aaa*Znat* 

VmaUurAOS t 262«>a90(P.e.). 

(Saait fro« SoiXa and Fart* 

il (1) I T9, 1964/ 



•.96* 

49 • Fetelal.K, 

SO* f t t t e l i K«A« 

51* V&Ul, S*P«, 

6boBti» A»B«>miidl 

S9* rarr* c«ii«y«Mi 

1966 Biological aitittgon f IxaUon 

tJalvoraity* 

1962 Effeet of t , Mo, B « l i giraon* 

nanuriog on ylold and quality 

of a l fa l fa gfown oa aorada 

ao i l . H«5;o*</^ri«)ilioMia of 

Safdar Fatal Univoraity* 

1963 £ffaot of piioaphata aaauri 

of liarsooa oa tlie f a r t i l i t y 

stataa of the Dollii Soil* 

lad* «'• so i l Sei* £ f 225*36* 

1969 Thm gitmth of logftnoa ia 

ooaiaetioB witit phoaphate 

for t i l i aar , aa a a«aaa of 

lnor«a«ias sod atabiliziiMC 

s o i l f o r t u i t y aad ogrioiiltural 

productlirlty la Groeoo* 

Bnpira «l*£x2»t*^ri* g^ < 

96-106* 

1946 Phosphate nanuriag of logaaao* 

n * i m . F ^ * 6 t 201-308* 



•9t» 

84« mi i i i«E«l l , 

Sf« ]laJgoi>aii», T» 

8S« B«Jir<»falfta, !9«, 

Sii4«slviiiigf«S» 

S n Batnerg E»I« 

86* EajreliiHi^jri, S«P«, 1964 

• a i Sttl)Htfi,B.V, 

09« H«4)dy« 0«R,p 

|{«tltfi» !»*¥• 

1964 OrgBslo Manure am 9r«<-rfiqui8lf« 

for iiioroMi«4l •pplio*t&QR of 

»Hmiieml f » r t l l l s o r » * 

roruilxer H«w8« MSL * ii-ao, 

%99§ sttHlio* on sronndnel ac»<9til« 

orianlMi* I* I so l a t ton of 

otralno tmd 0t«dy of onlturoo* 

Ind . J .Agr i .Se l . £(3) i 331-348, 

1044 aoao Mpooia of root aofitan* 

flon in t ropica l logOMio* 

Currdttt Sol* J ^ s 19f-iS02« 

1064 IfolylbdonuM and proltlaMi of 

b io lo i l c a l o i t ro i i i i t a 

agricalt t t ro* Ixv«Aka<l« Nsak Ser. 

ll&ol« g 1 aa3-243 (B*E«)* 

Boaii froii Soila and F e r t * ^ 

(4) t 306, 1964). 

Pli»«pliata«ftamiriag of l«8ua«8 

and i t s ro le in bttildiag of a 

ao i i f o r t u i t y in Ind ia . 

Soila and fmrt. iX (*) * ^^* 

1968 Ara l ! ab i l i t y of aelybdonuai in 

Onjarat Soil8.«Vidya* J.OnJ, 

!ini«» g t 92«#o* 



• © 7 -

W0 R«l«ftai»L«L«,ciiidl 

6U R«warl|R«n«tSoii» 

U SalRsar* €«E» 

63* S8itk8r«ttai\«t 

Mid Kasli^g s , 

«4» seliaffhaii«tta,ll.V* 

t999 Eff«et of grooii"«aauiiiig In 

ooBjaetloB with fertftl is«m 

on paddy yl0ld«»X»d«J*Asrt« 

Sol . 2£ (2) t i - 1 3 . % 

1965 Nitiogen f ixation hy oluater 

In rolation to phosphate uptaka 

froB soil* tntl» •I»Agrl«Sei, 

l a (2) t 162. 

1668 Faotora affecting legww 

nodulation in the tioplea* 

rnyrialt^a^ iJSt t ma^m. 

(Road froai Soi ls and Fart* 

2£ (3) I 373/ 1066). 

1063 Influence of phoa|}hat<» on 

nitMgan fixation ly rfalaoteiwi 

app* lnd« J* !li9it}» ^ {%) t 

t7-ao. 

1993 eeoBoalcal aiothoda for Qaing 

tho loguae Ja!.|̂ ,|fî M l^ff»l0 

for aoi l iMprovoMant food ma 

fottd. Torrialha. 13, t 172-179, 

(Road froB Soila ai^ Fart* 

^ (3) t a43f 1964). 



••wo** 

66, . ,1 and 

Suadara !tao,w«v*B« 

•IMS »!athnry B«P* 

oo« 

69* 

TO* Saa, A»N« 

1063 Ball of lagmiea and graea-

Mianrlag In aixail faralag 

iioldlnga* Xtt(t*J*Agri*sel« 

22 J 33«48, 

1963 FiMsphata fartiliaatlon of 

legiMuia* t«C,A«R* ItoVft$ar»3f 

Phoapliata«4iaourliig of lagowoii* 

Znd*J.soil sol.JLO (4) I 

1963 Holl of itabMi olovar aa a 

<yaaa»WBora erop la wheat-

•aii;« rotatioQ. J.lad*Sao* 

so£i soi. M * ate-asi. 

1964 Pliotpliftta fttrtlXtaatioo of 

I9smm9 l e l^utldtag up aotl 

faril l l tyf Pioo»Syii^«Parl« 

lod.Soila* 1962. Sail . Hat. 

Xaat.ilct.XBdla* ^ i 3̂ ô«33S 

(l»ik*B«I«K#tr Ilelhi)«eaad fvoa 

Soila and For^. 2|i ( i ) t 

8i^ 1966)• 

1966 "loooulatlon of laguaoa of 

iQflu«iM»ad by aotl aad olla«ttcf 

con{litiona*«Iad»J»Agrl«SGl« 

1^ (1) I 1-3, 



. 0 & -

71c Shell, CtC^, and 

T2, sbawarM, ^UY*»«nd 1964 

ts. 

Il>r«hi»» M*s« 

aad 

T4« SlllWlOy N*K«,aild 

7e* sioftht M*P.» ana 

1965 •Colorimttrie detoiniliiiiUoQ 

»f so i l Off utile iuitt«7"« B«A* 

i^£rll«Co2l« Mag* §, (2) » 

1954-155 • 

Tb« fertlllSilaft valii* 9f 9on« 

organlo aianui'e*. ^'•soll sol* 

Ual* Arah, ^pahlie* £ > 

141«i60* 

1964 SyiiMotlo flltvofea fIzaUoa by 

ytala fatoa a» aiffaotad by 

•uperpiwspbate a îpl teat Ion* 

J*<«i»ll f^ol* Ua*AriAi*H0|^l}|lo* 

i I 19«37* 

1958 l1u»«ptiat«HiiainirtBg at lagnaaa* 

Ia<i«*>*ASI«in* ^ (3) t 80«»99* 

1966 Oroea aanare la tba Altai 

Bagioa* i^groklilaljrs* g, s 

ea*! F®rt* SS <»> « 475,1966). 

1964 Stadloa la gro«aHiaattrlag at 

aliQet In Biaar II* Optlanm 

dosa of grean aattar* X»d* 

J.Agron* £ i^y I 138«44. 



-too-

T7, 5:riva«tii<ra., K«N«« 

•lid Rs», A* 

78« fodorovA* B* 

80« VABketa Bao, B*V«f 

and K«!;iisalc«r« 

en .t tmd 

GoirliMI Raj an, S«V« 

82* Vya«, N«D«, aatf 

10<Ki Aaount of graen aanyra added 

%y dlfferaot Sf««fi-«enurliig 

leguMaa under diffaiant 

t a r t l l l s a r oonditlona* Proo* 

Blliar Aead* Agrto. sol* 8|̂  t 

lOi.l lT* 

1966 Etfeat of dosg and graan 

aanara on crop yl«ild and 

datPftlo|«i^it of aoaa gionpa of 

ttloro-organisHs* Foebv* 

AgroUtlB* i (1) <̂  90«iOl,<fead 

firon so l la and Fart* gtg, (5) i 

450. 1966)• 

1960 Ittflo«noa of col l phoetpimraa 

statua on tha ooapoeltloa 

<*' aooahalip* J* Xn(i«soo«i^ll 

Sol . g t i29«»132« 

1960 Inflnanoa of groan naauroa 

on plioapbAta u t i l i sa t ion by 

oropa* J«Xnd«soe* Soil Sol* 

g f 14S-149* 

1983 Effaat of diffaraat doaaa of 

•upar^toapiteta on tha fixation 

of ataoapiiarlo nltrogan 

throiupi pea«lnd*J*soil Sol* 
1,(1) t 32*40* 



#3« ,S»^, 

' 1ill|.%tB||]|A*i<i« 

U4 

if« wii^i#r,i.Vt A.). 

T»ll«Vt '^•^« 

§9* TdlKiirle¥»t̂ *̂ *̂ 

Idas 

i0a9 

i9ia 

if#© 

"So i l |{&<iipfibiiilog]r«« 4oiiii 

Wiley tmd iriong*, timtWm tmtkm 

pi l i i f t l |A«« uactorlr&ttC ^ ^ 

l a tiMi a6tl«<l«A»«$o««Aci«ii« 

T||(» i rolat loa of Inoenlat ioa 00 

QttaXlty- ^m 7i9l<1 of ptytm^mm 

SoemAgma* 1£ * 474-8t« 

'Hii» v i t i l i^ o f ssppl&iiwiitfliiy' ' 

M o t e r i i i i o r l#gi»meE^»S^ci* 

fim valimmiHti mt^tmiamtiQn o f 

MMMliA« Itedapool; 2« @iig<^* 

Chmi0 2^t a3i<»a32«(Bttad f | 9» 

CltenuAliat. X t 3 i7S, 19t3)« 

i f foot o f ffoliiiliy on th« 

gvmth and olienioal cmMpeaitloo 

<»' iftffiq^^R sx&ma on go,|ra^i 

•e l l* l f . ; ie«<Agri«)tbosl8 o f 

sa i l e r fat^Jl Ii'aiv«rsil;;r» 

o f variotia otntf.ae of aoettilo 

1l«etorio*CH«fMl twom B|o*A6«t« 

3f C3)8 1©52^ I9«a>« 
• c r l i t a a l wot rof«»rrert« 


