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 The Thud Southern RegIOnal Conference on Bacterial Inoculants In Crop­
Production was held at the Umverslty of Agncultural SClences, Dharwad
Campus, Dharwar, on 1st and 2nd Apnl 1977

Dr V P Bhlde, Ementus Professor, I CAR, Maharashtra ASSOCiatIOn
for CultivatIOn of SCiences, Poona, lOaugurated the Conference Dr S V PatII,
Dlfector of InstructIons, Agncultural College, Dharwad, preSided over ,ther
functIOn Dr T K R Reddy, Professor of Agncultural MIcrobIology, Ago·,
cultural College, Dharwad welcomed the delegates land Mr A R Madhav ~ao

proposed the vote of thanks Dr Peter Dart, MIcrobIOlogIst, ICRISAT,
Hyderabad, addressed the gathenng on the Importance of bIologIcal mtrogen
fixatIOn 10 crop productIOn Dr R B PatI1, ProFessor of Agncultural MIcro-
biology, U AS, Bangalore llsted the alms and obJects of the Conference II

Ovel 40 delegates from the Umverslt1es and InstItutes of South India
lllcludlOg Maharashtra and representatives of the manufacturers of Bactenal
Inoculants participated 10 the Conference Dr G Rangaswami, VIce-Chancellor,
TamIl Nadu Agncultural UnIverSIty, was to delIver the key-note address but
could not do so on account of the last mmute cancellatIOn of the flight t~

Belgaum However, hiS address was cHculated to the participants

DI V P BhIde maugurahng the Conference emphasized the need for WIder
use of Bactenal Inoculants 10 Crop ProductIOn He also pOlnted out that the
research on the use of BacterIal Inoculants has not been satIsfdctory and 'IS
not bemg earned out m a coordmated manner He urged the Umversltles and
other AgrIcultural InshtutIOns to take up the studies on the response of vanoUs
crops under dIfferent agro-clImatlc situatIOns to moculatlon He also mdlcated
that the IndIan Standards InstItute would soon come out with the stan'dards
for productIOn and use of Bactenal Inoculants and thiS would protect the
farmers against the SpurIOUS claims of some of the moculant manufactunng
firms

, Dr Peter Dart pOlllted out that though IndIa IS the home of a Wide vanety
of legumes capable of beIng nojulated by rhlzobld, the Indian sOils are
ImprovIsed 10 respect ofmtrogen, whereas, the salls of Umted Stateslof AmerIca,
Austraha and some of the European countnes are enriched WIth D1lrogen ThIS
may be attrIbuted to the extensive use of rhlzoblal lOoculants 10 production
of legumes 10 these countnes He also hsted some of the recent findIngs of the
research on BIologIcal NItrogen FIxatIon and their applIcatIon III agncultural



 
productIOn He emphasized the need to assess the distrIbutIOn of effective and
meffectlve strams of native rhizobia m IndIan soils and the response of gram
legumes to moculatlOn He noted that the attempts to transfer the 'mf' gene
to cereal crops are on the way and by the turn of the century this would be
.achieved and that these crops hke legumes may become largely mdependent of
the use of mtrogenous fertlhzers m crop production He also urged th~ need
to explore the posslbJ1lhes of USing blue green algae, Azolla and other free-hvmg
mtrogen fixJng bactena 10 production of crops

Dr G Rangaswami, Vice-Chancellor, TN AU, m hIs key note address
dealt with newer aspects of research on mtrogen fixatIOn that are bemg
mtenslvely persued Amongst them he ltsted genetic engmeermg of Dltrogen
fixmg mlcroorgamsrns, enhancmg the mtrogen fixIng capacity of the rhIzobIa
10 legume root nodules and search for new mtrogen fixmg orgamsms and
theIr assocIations With non-Iegummous plants He also noted wIth satisfactIOn
that the group of SClenhsts who came together smce Apnl 1975 have met for the
thud successIve year ThIs. he stated, ID Itself was a progress and he hoped
this enthusiasm for research 10 this narrow field of BIOlogIcal NItrogen FixatIon
,n crop productIOn would be continued dUring the commg years Smce, a
small mlDonty of sCientists are mvolved 10 thIS area of research the emphasIs
has been more on the applIed aspect aod therefore, he suggested to the group
to take up some work 00 the fundamental aspects of the problem He noted
that the farmers though, 10 the Imtlal stages showed great Interest m the
use of rhlzoblal lDoculants. that 10terest has been gradually wanmg JD recent
years This he attnbuted to the mequahtles m crop response to moculatlOn
noted by farmers He, therefore, emphasIzed the need to evolve a technology
that wtll assure at least a mJDlmal level of benefit to the farmers through
the use of rhlzoblal moculants LIkeWIse, the results on the response of crops to
Azotobacter moculatlon were vdrymg It IS therefore, necessary that the cost­
benefit ratIo with these bacterial cultures should be much hIgher than that wIth
-chemical fertlhzers ThIS alone wdl sus tam the Illterest of the farmers JD

the use of these lDoculants for productIon of non-legummous crops The
technology of moculatlOn developed so far has been confined to the gram
crops This needs to be extended to fodder legumes and grasses If our Ammal
Husbandry were also to develop rapidly In conclusIOn, he noted that the
transfer of technology flom the research laboratones to farmers has not been
'Umform and several factors contnbuted to this He, therefore, urged the
Agncultural Microbiologists to take every pOSSIble step to counter-balance
these factors

The group met 10 five sessIons durlDg two successIve days and presented theIr
iindwgs on the response of legummous and non-1egunllnous crops to moculatlon,
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under varyIng agro-chmatlc conditions and on the production and quality

control of bacterial Inoculants At the end of these sessions panel diSCUSSIon was
\ held and the follOWing re~olutlOns were passed Dr Peter Dart presided
over the' plenary seSSIOn and the summary reports pre~ented by the recorders

and the Chairmen of the different sessIOns were discussed

SeSSIOn I - Crop Response to Inoculation of Legumes

1) Response curves for mtrogen fertilizer applIcation and inoculatIOn
10 respect of Important legummous crops Ilke groundnut, redgram and
bengalgram should be worked out

2) Factors affectmg nodulatIOn and mtrogen fixation namely tbe surface
temperature of the soIls, mOisture stress, depth of sowmg and Insect
damage to nodule~ have to be cntlcaily studied

3) Model expenments on competItIon between several Isolates of rhIzobia
have to be earned out Tn these studies, such markers as serology~

resistance to antibIOtic and metabolIte etc. may be used To ove~come

the competitIOn from native rhizobia the necessIty to use very high
levels of viable cells per seed has to be exammed

4) Effect of residual nitrogen fixed by legumes on succeedJDg non­
legummous crops has to be assessed

5) In respect of gerrnplasm screeDlng for nodulatIOn, number of nodules
produced 10 the early stage~ of growth may be an useful cntenan
The method needs to be standardized

6) In respect of the multlstram lDocuJants the problem of mteractlOn
amongst the strams and with the host plant has to be cntlcaJly studied.

7) It was agreed that the cntena now being used for the evaluatIOn of
mtrogen fixation by VRnous strams of rhIzobia were madequate
Hence, It was emphasized that uDlform cntena such as dry weIght and
nitrogen content of tops, gram Yield and contmuous mODltonng of
nitrogen fixatIOn In nodules by acetelyne reduction techUlque or by
total mtrogen determInatIOn have to be adopted

8) Symptoms of Zn and Mo defiCiency In legumes need to be defined on
the baSIS of the expeflmental results

9) Methods of root wash10g and recovery of nodules particularly with
legumes havmg flaglle nodules have to be worked out

10) Attempts should be made to evolve temperature reslst,lnt and mOIsture
stress resistant strams of rhIzobIa
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11) InformatiOn on the populatiOn of rhizobia lID dIfferent SOIls dUrIng
dIfferent seasons and under dlffet;ent crops JS not avaIlable:, It IS

necessary to assess the native population under the above condltloos
to obtam a better predlctablhty of response to maculation

SesslOo ~ II - Crop Response to InoculatIOn in Non-legumes

1) Other classes of mtrogen fixmg, free-Ilvmg 'bactena 10 rhlzosphere
of varIous non-legummous crop plants have to be Isolated and studIed

2) Adaptive and demonstration trIals on fdrrners fields on the response of
crops to Azotobacter moculatlon have to be taken up on a much
wider scale

3) The extent of excl etlOn of nitrogen fixed by AzolObacter and avaI1ablhty
of nitrogen to the crop have to be assessed

4) Tnals on Azotobacter moculatlOn of vegetable, tuber crops and cotton
need to be conducted

5) NItrogen uptake by the crops Inoculated with Azotobacter by acetylene
reductIOn tech11lque needs to be taken up m order to sort out the
benefits due to nItrogen fixatlo~ and due to productIOn of growth
promotJl1g substances by Azotobacter

6) StenlIzed carner based moculants of Azotobacter have to be mcluded
as an additional control In studIes on sOil apphcatlon of Azotobader
moculants to crop plants

,

7) Role of organic matter In enpancIng the efficacy qf AzotobaCler has
to be mvestIgated

8) Sub-cultures of Azotobpcter w,lth claImed capacity for fixation of very
hIgh amounts of mtrogen should be exchanged wIth other laboratones
for further 'VenficatJon

9) Those laboratones who have been carrYlDg out phyllosphere and
spermosphere fixatIOn of mtrogen'rnay contmue those studies

SessIOn I~I - ~co~ogy ~f Nitrogen Flxmg Orgamsms

Sizeable amount or mformatiOn on the effect of pestiCides on the
l I I I

symbIotIC and non-symb,lOtlc mtrogen fiXlOg orgamsms has accumulated
ThiS needs to be pooled and presented as review The SCientIsts should
send whatever mformatlOn they have on thIS to Dr ,A Balasubramaman,
Microbiologist, TNAU, COlmbatore-3

.2) Research on pelletlog WIth hme, rock phosphate and, baY~Jte sh'9uld be
contmued
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3) NodulatlOn III dIfferent sOlI types such as a black sOIl, red solI, dCldlC

SOIl and alkalIne sOils In terms of contmuous productlOn of effective
and InfectIve nodules by vanous strams of rhIZobia and the growth
of the host plant needs to be studied

SessIOn IV - Problems m Production, Quality Control and use of Bactenal
Inoculants

1) Wherever convlllcmg data On the response of crops to moculatlOn are
avaIlable, the use of Bactenal Inoculants should be mcluded III the
recommended package of practlces

2) The Bactenal Inoculant manufacturers may form an aSSociatIOn to
present theJr problems to the concerned extenslOn agencies and
UniversIties and populanse the use of BacterIal Inoculants m crop
productIOn

3) The IndIan Standards Institute may be requested to expedite the
standards for Azotobacter 1D0culants

4) Research on the carners, stickers and packagmg mateflals may be
contmued

5) There IS a need to evolve a SUItable procedure to fu(,l1ltate the Inter
State Movement of Bactenal Inoculants

6) The State Departments of Agriculture and the Vice-Chancellors of the
respective UiJlVersltles may be requested to set up Inoculant Testmg
LaboratOrIes

Dr Peter Dart, JD hIS concludmg remarks thanked the orgamzers for the
excellent arrangements made for the stay of the delegates dnd JDdlcated the
POS:>lblhty of holdmg the next conference at ICRISAT

Dr N N Prasad th,mked the host InstItute, m partlculal Dr S V Patll,
Dr T K R Reddy and hIS staff on behdlf ot the group He eit.pressed great
dIsappOIntment at the mabllIty of DI G RangaswamI to be at Dharwad on the
occaSIOn He expressed the mdebtedness of the group to Dr G RangaswamI
for hIS keen mtere~t It the actiVIties of the group and encouragement
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SESSION I

Crop Response to Inoculatlon- Legumes



 
Response of NatIve and Introduced Strams of RhIzobIum sp.

on the NodulatIOn and YIeld of Dlffelent VarIetIes of
Blackgram and GreengI am

M RANGARA]AN AND P 1\,1UTHUh.RISHNAN

AgncultUi al College and Research InstItute
TamIl Nadu Agncultural Umver,Ity, Madural-625104

ABi'>TRI\.CT

Apphcauon of composite culture of RIII::oblum conslstmg of the Introduced and
nallve strams of RllIzoblum sp, such as IARI-E 9, COlmbatore-BMBS P 47,'
Bangalore, Jabalpur, Madural-Mash 64 and Nitrobdc (BJOcultures) sIgnificantly
Increased the growth, nodulation and yield In Co 2, G 104 1nd H 21-40-14 varietIes
of blackgram While the control and \anous Isolates applIed Singly, gave yields
rangmg from 8 16 to 1058 q/ha, the composIte culture gave 11 16 q/ha In Co 2 vanety
thus recordmg an mcreased Yield rangmg from 102 to 404 per cent over other
Isolates of RlltzoblUm and control SimIlar trend was ob~erved wIth the use of
composIte cuItme In G 104 and H 21-40-14 although they recOIded lesser yield and
nodulatIOn than Co 2

In the case of greengram, application of composIte culture consistIng of the
Introduced and native strams of Rhlzoblllm sp, such as IARI-D 10. COImbatore
GMBS , Bangalore, JabalpUl, MaduraI-PLS 287 and Nltl obac, gave 8 06 q/ha 111 Co 2
varIety WhICh was I I 5 per cent to 54 I per ccnt more than those of Individual Isolates
and control that ga~e the Yields ranging flOm 523 q/ha to 723 q/ha Similar trend In
growth. nodulatIOn and Yield was obsened WIth the use of composIte culture In 88
and ML 24 varIetIes of greenglam although they recorded IO\\eI YIelds than Co 2

INTRODUCTION

IT IS reported that the growth, nodulat'on and YIeld of legumes are m­
cre?sed by the treatment of bactenal llloculants consistIng of SIngle or mulh­
stram llloculants of rhIzobIa ObhsamI et al (1976) reported that the composIte
culture of Rhzzobzllln Increased nodulatIOn and Yield of blackgram and greengram
V3net!es Snrama RaJu (1976) reported about the nodulatIOn of dIfferent
rhlzoblal strallls from AustralIa, Bangalore, JARJ, ISlael strams In bengalglam
NodulatIOn and yIeld of legumes can be mcreased by the cOD,bmatlOlls of
effective strams as agamst smgle effective stram (Bhalgava et ai, 1975) BabIsh
and Ishag (1974) reported that moculatlOn of a local stram of Rhzzoblllm sIgni­
ficantly Increased growth, nodulatIOn and yield of beans Bhargava et aT,

(1975) reported that seed treatment of different mdlgenous cultures of Rlllzobzum

Increased the nodulatIOn and yIeld of soybeans Balasundaram and Subba Rao
(1972) stressed the Importance of composIte cultures and reported that the
estabhshment of soyb~an~ WIth llldIgenously avaIlable cultures 01 Rhlzobzum
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-as agamst the Imported cultures of RhIzobIUm from dIfferent agro-clalmatlc
conditions In the country Patd et aI, (1972) reported the efficIency of certain

RhIzobIum moculants obtamed from dIfferent sources m Increasmg the nodulation
and yield of soybean In the present paper, the effiCiency of SIX strdInS of
RhIzobIUm and the composite culture contaInlDg these SIX strams In Increasmg
the growth, nodulatiOn and yleld of different varietIes of greengram and
blackgram IS presented

MATERIALS Ai'.D METHODS I

Two different field expenments one for blackgram and another for green­
.gram, were conducted In khal1} season of 1976~77 under lfflgated condItIons 1D

a split plot deSign with three replicatIons havlDg a plot size of 4 x 2 m The
expenment was laid out with eight treatments mcludmg control In WhICh no
RhrzoblUm culture was med In the case of blackgram, one natIve (Madural­
Mash 64) and five Introduced straInS of Rhizobium lIIZ, IARI-E 9, COImbatore­
BMBS P 47, Bangalore, Jabalpur and Nltrobac were used IndiVidually aod as
composite culture The compOSIte culture I1lcluded all these SIX dIfferent

strams Three vafletles of blackgram VIZ, CO 2, G 104 and H2l-4~14were
used for the studies The seeds were coated thoroughly With the peat sol! based
cultures of RhIzobIum The seeds were sown In hnes WIth the spacmg of
30 x 20 cm

SimIlarly 10 the C,lse of greengram. one native (MaduruI-PLS287) and five
Introduced strams of rhIzobia VIZ, I A R I -D 10, COimbatore-GMBS 1,
Bangalore, Jabalpur, and Nltrobac were used for the studIes Three vafletles of
greengram VIZ, CO 2,S 8 and ML 24 were used 10 the expeflments The crops

were cultivated With all recommended package of practlces Tn both
expenments, plant samp'es were collected on 45th day 75th day after sowmg and
observations were recorded for growth and nodulatIon Dry welght~ of shoot
and root were used to assess the effect on growth Total number of nodules per

plant and dry weight of nodular tissue were consIdered as llnportdnt parameters
for nodulatIOn The seed yield was rewrded finally for assessing the effect On
yield

RESuL1S AND DISCUSSION

Blackgram The eff~ct of native and Introduced strams of rhizobia on
.growth, nodulation dnd yield of three vanetles of blackgram are given In

Tables I and 2

(1) Glowth In case of dry weight of shoot, compOSIte culture performed

slgmficantlv supenol to mdlvldual strams and control Among the llldlvidual
strams, the stram [10m IART pel formed beller than all other strams, followed
by straIns from COlmbatore and Bangalore Slmt!nrly the strams from Jdbalpur
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TABLE J

Influence af nallve and mtroduced stlatns of Ihrzobta on the growth and nodulatloll In blackglOm'"

Dry weIght of shoot Dry weIgh t of root Total number of Dry weIght of nodular

Stram (g) (g) nodules tlssus (g)

VI V2 V3 VI V2 V3 VI V2 V3 VI V2 V3

I A R I E 9 1159 1423 13 83 096 099 098 550 460 383 0741 0657 0546
COlmbatore-BMBS P47 1505 13 32 Il 97 099 095 094 500 367 350 0707 0415 0410
Baogalore 1474 13 15 12 02 099 099 098 51 3 397 343 0721 0578 0415
Jabalpur 1408 1322 11 IS 098 098 097 463 347 330 0640 0417 0397

- Madural-Mash 64 1421 1310 11 96 099 098 098 477 353 350 0697 0417 0427- Nltrobac (Blocultures) 13 44 1310 II 15 096 090 090 443 330 307 0606 0402 0374
Composite (M Ixture of I to 6) 17 91 1532 1566 1 03 100 I 03 760 7307 690 1 462 0493 I 387
Control 1139 10 47 900 085 076 069 33 3 263 237 0397 0353 0333
Mean 1455 13 24 1209 097 094 093 5051 407 374 0746 0592 0537

Stram Variety InteractIOn Sham VarIety InteractIOn St Vt In St Vt In

SE 0168 0261 0291 0013 0005 0023 054 073 093 010 0007 0017
CD at 5 % 0480 1026 NS 0037 0018 NS I 53 287 267 0028 0027 0049

Note VI Co2, V2 G 104, V3 H21-40-14
"'ObservalIons reeorded on 45th day after SOWIng



 
TABLE II

Influence of nallve alld IIItroduced strams of rhIzobia on lhe vleld of blackgram

Sced ylcld (Q/ha)
Stram Mean

VI V2 V3

I A R I E9 1058 979 833 957
COlmbatore-BMBS P 47 991 962 833 929
Bangalore 975 916 791 894
Jabalpur 968 947 8 12 9.09
Madural-Mash 64 958 943 808 903
NItrobac 975 937 995 902
ComposIte 11 66 10 00 9 16 1027
Control 8 16 775 704 765
Mean 988 932 812 917

Stram Vanety InteractiOn

SE o 12 005 020
CD at 5 % 034 021 NS

Note VI C02. V2 G 104, V3 H-ZI-40-14

and Madural were on par 10 their performances and superior to Nltrobac and
control

(11) NodulatIOn The composite culture produced hIghest number of
nodules VIZ, 690 to 850 per plant and maximum dry weIght of nodular tissue
lIlZ, 1 38 to I 46 g per plant dependIng upon the vanety and duratIon of sampl­
Ing than the mdIvldual strams Among the mdlvldual stralU~. the stram from
JARI was superlOr to all other straIns, followed by the straIns from Bangalore
and COlmbatore The straws from Madura! and Jabalpur were equally effectIve
m nodulatIon Nitrobac fared least among the vanous strams

(1II) YIeld The composIte culture was the best by producmg II 66 qJha
whIch was slgDlficantly supeflor to that of tbe slDgle strams Among the
mdiVIdual straws the stram from IARI was the best The performances of all
other mtroduced and native strams were on par

Regardmg the response of dIfferent vanetles to the mtroduced and natIve
strams of rhIzobIa, Co 2 vanety gave seed yIeld of II 66 q/ha which was
'SIgmficantly better that G 104 that gave 1000 q/ha and H 21-40-14 whIch
gave 9 16 qJha

\,
Greengram The effects of natIve and lDtroduced strams of rhl.wbJa on the

.growth, nodulatIon and YIeld of three vafletles of greengram are presented lD
Tables 3 and 4

12



 
,

fABLe III

Influence of //(/(/1'1' l.nd lIIoodllced strains 0/ l/llzobw 011 the glOwth alld Ilodlllatwn 11/ greenglam'"

---'
Drv wt of shoot (g) Drywt of root (g) TOtd! number of nodule~ DiY wt of noduldr

Strain tissues (g)

VI V2 V3 VI V2 V3 VI V2 V3 VI V2 V3

IARI-D 10 1748 1728 1808 113 I 37 145 63 7 660 670 0879 0879 0902

COllnbat0 re-G MBS 1667 1608 1725 I 05 1 18 1 18 51 7 547 587 0810 0858 0870
Banga10le 1657 1599 1648 095 094 I 03 547 567 587 0895 0585 0898

Jabalpur 1578 1591 16 18 086 093 099 460 497 51 3 0781 0812 0813.....
VJ Madul al-PLS, 287 1674 1607 1673 096 103 1 03 577 577 607 0853 0851 0884

Nltrobac 1571 1547 15 87 087 092 096 440 463 443 o8J9 0820 0782

CompoSite 1848 18 28 1950 143 160 075 777 803 823 1275 I 283 1285
Control 13 28 1322 1396 074 077 085 260 273 257 0483 0479 0477
Mean 1634 1604 099 109 1 15 ';)27 548 569 0847 0853 0864

Strum Variety InteractIOn Sliam Variety InteractIOn Strain Variety InteractIOn Stram Vanety InteractIOn

SE 0181 0101 0314 0023 0013 0040 0641 0311 I JlO 0009 0002 0016

CD at 5% 0518 0398 NS 0065 0052 NS 1 830 1223 NS 0027 0010 NS

Note VI Co 2, V2 S 8, V3 ML 24
*Y ObservatIOns recorded on 45th day after sowing



 
TABLE IV

Influence of name and Introduced strainS of rhIzobia on the yIeld (}f greengrJl'n

Strams

IARI-D 10
COlmbatore-GMBS
Bangalore
Jabalpur
Madural-PLS 287
Nltrobac
Composite
Control

Note VI

Seed yield (q/ha)

VI V2 V3

713 686 610
7 16 671 558
723 666 531
673 590 536
7 10 633 61.0
686 613 598
806 773 650
523 503 416

Stram Vanety Interaction

SE 061 017 106
CD at 5 % I 76 079 305

Co 2, V2 S8, V3 ML24

(1) Growth The composite culture produced more dry weight of shoot_
which was supenor to those by all the wdlvldual strams Among the mdlvIdual
straIns, the stram trom JARI was supenor to all other strams, followed by the
straInS from COImbatore, Bangalore aj1d MaduraI wIth different vafleUes of­
greengram Although the composIte culture was better than the other strams In
Increasmg the dry weIght of root, there IS no signIficant dIfference between the
mdlVldual straInS

(11) NodulatIOn The composIte culture produced 777 to 983 nodules
per plant while mdlvldual straInS produced nodules rangmg from 440 to 77 0
nodules per plant dependIng upon the vanety and duratIOn of samplmg Among
the mdIVldual strams, the stram from IARI was best followed by straInS from
MaduraJ, Bangalore, COlmbatore, Jabalpur and Nltrobac I

(111) Yield The performance of composite culture and of all other
mdlvldual stralDs was on par In mcreasmg the gram yIeld of Co 2 and ML 24
varIeties In case of S 8 varIety, the composlfe culture was superIOr to
mdlvldual strams
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NodulatIOn Pattern In Certam GClmplasm CollectlOns of
Blackgram and Greengram

G OBLISAMJ, K BALARAl\lAN AND T NATARA]AN

Department of BIOlogy, TamIl Nadu Agricultural University, COlmbatore

ABSTR~CT

PrelImmary screenmg of the high yieldIng germplasm collectIOns of blackgram and
greengram was carned out for their InteractIons to RhIzobium NodulatIon pattern
l.ndlcated that the genotypes of blackgram were comparatively more responsive to the
RhIzobIum Inoculant than the greengram genotypes, formmg more number of nodules
per plant In case of greengram, the same genotype contained ma"lmum number of
nodules per plant tn both the treated as well as untreated plants, ~o also mInimum
number of nodules were recorded In the same genotype However, m blackgram,
though the ~ame genotype contamed mInImum number of nodules m both the cases,
maximum number of nodules were formed 10 dIfferent genotypes The nodulatIOn 10

the moculated genotypes was Significantly superior over the unmoculated genotypes
of both the plant species Higher number of nocules were formed dunng the vegetatIve
stage of both the plant specIes

SUCCESS1<UL symbIosIs between a legume and ItS rhIzobIUm Involves mutual vom­
patlblhty all the \"dy fJ 0111 dn mteractlOn that prepares the root for and InitIales
the process of 'mva'lOn to the final stdge WhICh secures efficIent functIOnIng
tIme for nItrogen fixIng tls,ue to satIsfy the pldnt need::. (Vmcent 1974) Lot of
mformatlOns dre dvaIlable on the role of Rhlzobzum In the nodulatIon of
legumes HoweveI, very lIttle mformation IS available on the lole of plant
.genotypes III the mteractIOn between the rhIzobIUm and the legume GenetI­
<cally dIverse lines of Tnfolzum amblguum showed marked dIfferences III the
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mvaslblllty dnd when nodules are produced III the time taken to nOQulate (Hely,
1972) Rao and Vlswanthan (1974) reported that among the 10 genotypes or­
soybeen tested, the cultlvars DavIs and Bragg recorded the lllghest number of
nodules Sen and Bhadun (1971) studyIllg the relatIonship between the number
and spectfic vomme of nodules III different species of Phaseolus observed
slglllficant vanatlOns III the nodule volume among different speCIes and vanetIes
of PhaseD/us The data on nodulatIOn pattern of two Important pulse crops,
VIZ, blackgram (PhaseD/us mungo) and greengram (P aU/eus) are presented In

thIS paper
MA'lERIALS AI\D MhTHOD~

Twenty high Yleldlllg vanetles each of blackgram and greengram from the
germplasm collectIon of the pulses mamtalDed m the Departmant of Agncultural
Botany were treated wIth an efficlent stram of RhIzobIUm sp (Ah 6) and sown
mto the field to study the mteractlOn between the RhIzobIum and the legumes
The ulllnoculated senes of the same genotype" sown separately served to assess
the mteractlOu between natIve rhIzobIUm and the host The design of the lay
out of the trial was Latm Square deSIgn The number of nodules produced at
vegetatlve, flowerlllg stages of the crops and the response of the genotypes for
the rhIzobIum treatment or natlve rhIZobIa was assessed

TABLE I
NodulatIon pattern III certalll of germplasm collectIons 1/1 blackgram

(No of nodules pel plant)

Unmoculated senes Inoculated senes
Germplasm --------
CollectIOn Vegelallve FJowenng Mean Vegetal1ve Flowel1[Jg Mean

stage stage stage stage

H 21 117 21 69 147 36 92
P 133 73 14 44 118 29 74
H 21-40/22 43 31 37 148 64 106
V Z M 189 117 114 116 46 76 61
CO2 52 IS 34 72 45 59
H 21-40/28 152 59 106 158 64 111
P 58 122 92 107 104 122 113
H 21-50/4 40 38 39 206 49 128
No 55 137 66 102 202 71 137
PLS-364-30/8 87 54 71 223 135 179
T-9 71 19 45 114 65 90
H-21-40/29 191 49 120 91 40 66
M-3 204 19 112 174 54 114
Musm 117 61 89 127 49 88
H-21-40/30 166 53 110 149 28 89
Pusa-I 118 29 74 131 40 86
H-21-50/15 181 50 116 161 78 118
CO-3 84 16 50 191 56 126
H-21-40/14 26 13 20 41 18 30
U-5-2 39 14 27 131 26 79
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RESULTS AND DISCUSSIONS

The resulats on nodulatIOn pattern In certain of the germplasm collectIons
of blackgram and greengl am are presented In Tables J and II

TABLE II

NodulatIOn patte/II III certal1l of germplasm collectlOlls 1/1 greengram

(No of nodules per plant)

Umnoculated senes Inoculated senes
Germplasm -------------
CollectIOn Vegetative Flowenng Mean Vegetative FlowerIng Mean

stage stage stage stage

PLS-334 17 12 15 26 11 19

PLS-265 28 11 20 31 13 22

No 293{1{1 3 9 6 7 4 6

PL'>-240 11 12 12 13 6 10

PS 16 64 16 40 65 34 50

CO-l 31 29 30 41 18 30

M 2 93 43 68 104 78 91

PLS 367{2 62 23 43 74 27 51

PS 10 93 56 75 73 32 53

Pusa Balsakl 37 34 36 39 34 37

No 414{1{1 124 65 95 163 51 107

Kopargaon 84 64 74 83 59 71

Madlra moong 73 23 48 82 43 63

No 122 45 21 33 48 24 36

No 118{1{1 81 36 59 93 14 49

L 242 71 21 46 81 24 53

B 1 36 20 28 70 17 44

CO 2 58 28 43 41 46 44

PLS 307 58 14 36 57 11 34

H 70-16 43 7 25 26 13 20

The number of nodules formed In the blackgram and greengram genotypes
vaned conSIderably The nodulatIOn III the moculated genotypes was supeno!
over the unmoculated serIes In general, hIgh number of nodules were recorded
at the vegetative phase of both the crop plants In the unmoculated senes of
blackgram the mean number of nodules ranged from 20 to 120 per plant whereas
1D the Inoculated senes, I t vaned from 30 to 179 MaXimum number of nodules
was recorded III the genotype H-21-40/29 havlDg 120 numbers of nodules m the
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unwoculated senes whereas iO the Inoculated senes, the genotypes PLS-364--<:O/18
contaIned 179 nodules per plant MJnlmum number of nodules Were recorded
10 both the senes lO the genotype H-21-40j14 The mean number of nodules
formed In the unlOoculated senes of greengram vaned from 6 to 95 per plant
whereas 10 the Inoculated senes Jt WdS from 6 to 107 The same genotypes
(No 414/1/1) contaIned maxImum number of nodules 10 both the senes (be109
95 and 107, respectively), sImilarly mlOlmum number of nodules (6/plant) were
also obsel ved In the genot\ pe No 293/ I /I

The present results mdlcated that the blackgr<lJll genotypes were comrara­
tlvely more responsIve to tbe I h,zob,um treatment than the greengram ~enotypes

WhICh could be seen by the l11creased number of nodule~ In blackgram than In

the greengram ThIS IS In agreement wIth the earher report by Sen and
BhadUfI (1971) Similar results were reported by Kumar et al (1976) In case of
soybean genotypes IndIcating marked vanatlons In the nodule numbers between
spnng and \VlOter season cultlvars ConsIdenng the genotypes lot of vanatlOns
were observed 1I1 the nodulahon pattern even though they wen~ put Into the
same envIronmental condItIOns CntIcal study I, needed to establIsh the
envlfonmental factors and their role on the rhizobIUm-legume symbIOSIS so as to
enab'e us to derIve tl'e maXImum benefit by selectmg the hIgh yIeldIng vanetles
and 11lghly respomlve vanetles to RlllzoblUm, as well as most efficIent stram of
the RhIzobIUm and cuch a SItuatIOn mIght be an Ideal one
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Effect of Composite Cultures of RhIzobIUm on Important

Legumes Grown lD Marathwada RegIOn

R S RAUT, C P GHONSlh.AR, AND V G MUSA~DE

Department of SOIl SCience and Agncultural Chemlstrv,
Marathwada Agncultural UDiverslty. Parbham (M. S )

AB'iTRACT

A greenhouse experiment on performance of sIngle straIn and composite culture
IDdlcated that composite culture was as good as smgle stram culture and both had
slgmficantly mcreased the nodulatIOn, dry matter and gram yIeld/plant over unmoculated
plants In greengram and bJackgram In groundnut, the performance of both smgle and
composite cultures was Similar Athar (lId not show response WIth composite or smgle
strain cl1lture In re:.pect of clry mattcr and gram Yield Soybean responded well to
SIngle straIn or composite culture and produced two fold dry matter and grain Yield

INTRODUCTION

USE of Rhlzobzum Inoculants to legume crops IS no\\ a well accepted agronomic
practIce m legume cultivatIOn EfficIent straIns of Rhzzobzum lllcreased the
Yield of legumes (Rangdswaml and OblIoaml, 1962, Ramaswaml and NaIr, 1965)
InoculatIOn of composite culture responded better With legume crops lIke
soybean and French-bean over the smgle strdlll lOoculatlOn (Das and Bhadurt,
1975) At least one of the many strams used III the composite culture might
establIsh well and cause effdlve nodulatIOn III the given legumes (Rangaswami,
1975)

Rhizobia are specific to thell hosts and constItute cross moculatlOn
groups The advantage III composite culture IS that It would ehmmate the

supply of d Jfferent cultures to different crops separately and also the fal mers
would be able to use one composl te culture to llloculate a good number of
legumlllous crops The performance at composite cultures of RI7Izobzum on five
legumes I e greengram, blackgram, groundnut, arhar and soybean IS reported
here

MATERIAL Al'lD METHODS

A greenhouse exrenment was conducted 111 khmzJseason usmg earthen
pots of 250 mm III diameter and With a capacity for 12 kg sot! The SOIl used
was a calcareous medIUm black SOil (pH 8 5, CaCOg 10 4 per cent, clay 69 14
per cent, CEC 54 33 m e 1100 g of soIl) Rlllzobzum stanns from greengram,
blackgram, arhar, groundnut and soybean were employed for the preparatIOn of

19



 
composIte cultures Composite culture no I mcluded rhizobia of greengram,
blackgram, arhar and composite culture No 2 Included rhizobia of greengram,
blackgram, arhar, groundnut and soybean Seeds were moculated with specIfied
cultures Although five seeds of each crop were sown m pots, only three plants
were mamtamed for studies The umnoculated plants served as control Nodules
were counted at flowerIng and dry matter was determmed IS days before
harvestmg FInal yIelds were recorded on harvest 'There were three rephca-

I

tIOns Sterlltzed sOil was used In all the experJments

REC;;ULTS AND DISCUSS10N

The data on performance of smgle stram culture and composIte culture of
RhIzobIum on greengram are presented m Table I Dry matter yield of greengram

TABLE I

Effect 0/ pure and composIte cultures 0/ RhizobIUm on growth parameters and gralll Yltld

Treatments NodulatIon
(nodule number/plant)

Dry matter
(g/plant)

yield
(g/plant)

Greengram
Control
Pure culture (SIDgle stralD culture)
Composite culture- number one
Composite culture·- number two

Blackgram
Control
Pure culture (Single strain culture)
Composite culture· number one
Composite culture number two

Groundnut
Control
Pure culture (slDgle stralD culture)
Composite culture number one
Composite culture number two

Arhar
Control
Pure culture (sIDgle stralD culture)
Composite culture numer one
Composite culture number two

Soybean
Control
Pure culture (SIDgle stralD culture)
Composltlve culture number two

3 13 00
61 257
58 204
56 200

10 140
35 270
36 225
42 225

8 120
80 260
76 235
75 265

5 440
25 506
27 487
22 490

30 58
367 135
319 114

25
47
38
4 I

28
~5

4S
53

40
80
70
90

80
96
89
92

2 I
43
38

·Composlte culture number one

·Composlte culture number two

ContalDs specific rhizobIUm strainS for greengram,
blackgram, arhar crops
Contains specific rhizobIUm strainS for greengram,
blackgram, arhar, groundnut and soybean crops
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was almost doubled when compared wIth umnoculated control by emploYlDg
-swgle straIn culture, and InoculatIOn wIth composIte cultures lncreased dry

matter yIeld by one and a hdlf tImes over the unllloculated treatment SImIlar
pattern was also observed for graIn )wldjplant The pattern of results obtaIned
'wIth blackgram In respect of nodule count, dry matter yIeld and gram yIeld/plant
was also sImIlar for sIngle stram and composIte culture Illoculabons

InoculatIOn el ther wllh sIngle stram of Rlllzoblum or wIth composl te
.cultures produced two-fold dly matter yJeld Bhargava el al , (1975) observed
maxImum dry matter accumulatIOn and Increase III yIeld wllh composite culture
urespectIve of soIl condItIOns InoculatIOn ot arhar eIther wIth slDgle stram or

composIte cultures resulted In sIgnificantly hIgher nodule count per plant vvhen
compared with unmoculated plants But the dry matter yIeld and gram yIeld/

plant III arhar dId not show response to maculatIon eIther wIth slDgle stram Or

composIte cultures, suggestl11g that rhizobIum cultures dId not develop effectIve
-nodules

Nodule count In soybean was found greatly lDcreased by moculatlOn wIth
IRlliZoblUlIl Jap0n/cum eIther as smgle stram or m composIte culture Dry matter
yIeld and gram yIeld 1D Inoculated SO) bean was about two-fold hIgher that III

IUDInoculated treatment
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Effect of Seed InoculatIon wIth Rhzzobzum japomcum on

Nodule FormatIOn and YIeld of Soybean (Glycme max L)

R S RAUTl, C P GHONSIKAR2 AND B G KARLE3

Department of Soil SCience and Agncultural ChemIstry
Marathwada Agncultural Umverslty, Parbham (M S)

ABSTRACT

Response of soybean (Gl)cme max L) vanety Kahtur to RhIzobIUm moculatlon
m different row proportions proved superIonty over control Complete moculatlOn of
seeds ID all rows proved to be best m mcreasIDg nodulation and gram YIeld thus attam­
mg full benefits m soybean productIOn Partial moculatlOn or some of unmoculated
rows enhance Yield but does not warrant full potentIal Yield

INTRODUCTION

ApPLICATION of Rh,zobIUm culture to seed IS an Important IDput In the
package of practtces for Increased pulse productiOn

The aIr we breathe contains 79 per cent Oltrogen gas, but It cannot be
absorbed and made use of by plants dIrectly e'<cept through the mediatIon of,
mlcrcorgan sms Certam microorganIsms like RIllZOCzum hVlDg In root nodules
of legume plants convert atmosphenc ilItrogen mto ammoma at ordInary soil
condItIOns On a global "cale mdustnal mtrogen fixatIOn IS of the order of 30

,mIllIOn tonnes per year while annual fixatiOn of nItrogen by Rhizobium In root
nodules IS about 14 mIllIon tonnes per year (Subba Rao, 1973)

In IndIa due to gradual dechne ID the acreage under legume ceops "Nodule
nItrogen fixatlOn" has considerably decreased ApplIcatiOn of preparatIons
contalOIng speCIalized hVIng bactena to seed or SOlI can enhance SOIl fertJllty
and YIeld of crops by rendenng unavaIlable sources of elemental nItrogen,
bound phosphate and cellulose contaIning plant reSIdue mto avaIlable form as
to faCIlitate root system of plant to absorb the nutrIents RhizobIUm can Increase
the number and performance of root nodules on a vanety of edIble pulses and
011 YleldlOg crops In recent years much emphaSIS has been laId to populanse
bacterial fertlhzatlOn to 5011

MATERIAL AND METHODS

A field experiment In randomlsed block deSIgn WIth four replicatIOns was
conducted at Agronomy Farm. Marathwada Agncultural UniverSIty, Parbham,
durmg khan! season of 1976 FIve treatments were sown In 36 x 27m
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plot 'lIZe hdvmg spacIng 45, 15 cm Soybean seeds were Inoculated with
RhizobIUm Japonlcum culture Five patterns m sowlllg followed were as follows
(I) one row of non-maculated seed., and one row of mOCldated seeds (1 I), (11)

Two rows of non-Inoculated seeds and one row of maculated seed" (2 1), (111)

All rows of maculated seeds, (IV) Inoculated and non-maculated seed') blended
m equal proportIons for sowmg all ro\\s and (v) All rows of non-maculated
seeds (control) Crop was not fertIlized with any fertilIzer or manure The
nodule count was taken at the tIme of InItIal stage of pod formatlOn by selectmg
five random pldnts flOm each treatment, yIelds were recorded on plot baSIS

RESULT~ Al'oD DISCUSSION

Number of nodules on sovbean lootS wele slgnIficantlv Increased by InOCU­

latlOn of seed Tht- average count of root nodules per plant was III creased from
104 to 3882 With Rluzobll/ill InOCulatIon The maxImum nodulatIOn WiiS
recorded III the treatment (T l ) where all Inoculated seeds wele sown ThIS
Increase III nodul'1tlon was 19 per cent more over treatment, 1 1 row of non­
maculated and lnoculated, 12 per cent over 2 1 two row') of non-maculated and
and one maculated 21 per cent ovel 50 per cent non-Inoculated seed blended
and 274 per cent over contlOl (Table I) As the rows of maculated seed or

TABLE I

Nodule count and YIeld oj soybean as affected by RluzoblUm inoculatIOn

T Treatment Mean No of Gram yield Gram yield
nodules/plant (g/plot) (kg/ha)

TI Control 1040 44675 413 65
T 2 I I row of 3250 57525 53263

nomnoculated
maculated

T3 2 I rows 281 5 53500 49536
nomnoculated
moculated

T4 All rows 3882 72575 67199
Inoculated

f s 50% non-l1loculated 2197 52325 48449
seed ble'lded

S E 477 51 43 4762
CD at 5')0 14691 15846 14672

proportlOn Jncrea<eu, the clVerage nod ule coun t also mcreased ThiS may be
because of absence of effectIve stram of rhIzobIUm needed for soybean nodula­
tIOn III Marathwada SOIls where soybe:lll ClOp IS recently Introduced In thIS
regIOn With semlancl clunate where temperatures are 111gh 1ll summer (up to 40¢C)
and dry conditIons c1.mng thiS penod perhaps have suppressive effect on
rheobl!lm populcltIOn III 'Oils Saxena and rrllak (1975) observed Incredsed
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nodulation in soybean using by rhizobium culture to seed. Sahu (1973) reported!
that increase in root nodules and proteins in seed of legumes by using rhizobium.
inoculation and phosphorus doses to legumes, while Longed and Herrara (1972).
reported absence of nodu lations in non-inoculated seeds and proposed nodulation.
in inoculated seeds.

Grain yield of soybean was significantly increased by using rhizobium­
culture over control. The maximum yield of 671 kgjha was recorded in treat­
ment (T4) where all inoculated seeds were sown in all rows. The yield seems to·
be relatively low but considering the fact that the crop did not receive any
fertilization is above average (430 kgjha). Rhizobium inoculated treatments.
(1) complete inoculation has increased 28.8 per cent, (2) Two rows of non-·
inoculated and one row of inoculated has increased 19.8 'per cent while 50 per­
cent non-inoculated seed blended treatment has increased 17.2 per cent grain
yield of soybean over control indicating as the dilutbn of inoculation or propor-·
tioD in rows decreased the yield of soybean also decreased. The trend of grain
yield corresponded to nodulation patterns. Maximum nodulation could be­
ensured by using full stock of seeds inoculated with rhizobtum. Partial inocu-­
lation or some of un-inoculated rows interspacedmight help to a certain extent
enhancing yield but did not warrant full potential yield. The yield responses­
are reported by different workers at various locations. Subba Rao (1972) in
pot culture study got response up to 45 per cent by inoculating the seed with·
rhizobium culture. The yield trials with different soybean varieties in different
agro-climatic zones of the country indicated positive response to rhizobium
inoculation. Bhatnagar -(1971); Sokorenki and Vyvalko (1972) reported a.
beneficial response to application of rhizobium inoculation while testing it for­
yield, nitrogen content in plant and soils.
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NodulatlOn of PIgeon Pea III Red and Black SoIls at Patancheru

J V D K KLMAR RAO AND P J DAR I "

THE aIm IS to studv nodulc'tlOn and N 1 fixatIOn by plgeon pea In the
two contrdstmg soli types dt Patancheru-a deep black sOli and a medIUm
depth 1ed sad, dnd to see If nItrogen supply was lImiting growth and yIeld
of pIgeon pea DUflng the 1976 khanf season treatments Included 0,20, 200 kg
N/ha as cdlclum ammonIUm l1ltrate and 20T FYM per ha

NodulatIOn was rapId, with up to 26 nodules per plant (zelo N) In led
soIl by 15 days after sowmg, about hdlf of these were on the prImary root
200 N Illhlbited nodulatIOn only up to ,0 clays after pldntlllg (e g m black sail
there were 15 nodules per plant for the 200 N treatment cf 29 per plant for
the zero Nand FYM treatments) Nodules contmued to form up to 120 days
m both sad types, but senescence of nodules was apparent even by 30 days
Most nodules formed on the secondary roots and were spread over the root
system and up to 50 cm deep In the <ad Only 1-2 pnmary root nodules were
present pei plant at 60 days when there were 23 nodules on the secondary
roots 111 black SOlI and 56 in red sad

A greater numbel and mass of nodules formed 111 the red sod compared
with the black SOil, and these nodulc~ had much more mtrogenase activIty
(acetylene reductIOn) Most nitrogenase actiVity per plant occurred at the
30 days harvest In black soil, and at 60 days 1'1 red soil Nitrogenase activIty
was greatest for the FYM treatment, there was no mhibitlon of actlvdY for
the 200 N treatment In red soil at 60 days cfelther zero Nor FYM VIrtually
no actiVIty was detected at 120 days after sowmg when the plants were III the
earl)' pod fillIng stage, and nodules vlftually completely senesced 111 black
5011 and only 12 pInk-red nodules per plant (11 per cent of the total number)
present In recl soIl At earher harvests the numbers of apparently active (red)
nodule~ per plant did not correlate well With mtrogenase activIty

Nodules "ere severely damaged by lll~ect grubs III both red and black
Salls, and thiS eatlllg of the nodules began by 30 days after plantlllg Propor­
tIOnately more nodules were attacked In black than In the red SOlI and by
120 days 96 per cent of the nodules were damaged III black soil, With 74 per cent
III red soil Such attack seems a major factor lImltll1g mtrogen fixatIOn by

,. MicrobIOlogy Secllon, International Crops Research Institute for the SemI-And TropICS
(ICRISAT), 1-11-256 Begumpet, Hyderabad-500 016
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pigeon pea at Patancheru SImIlar observatIOns were recorded from farmers
fields III Mahabubnagar dIstnct In A P and Sholapur m Maharashtra

Plant growth was stimulated by the 200 N treatment cf zero or 20 N
treatments up to 120 days from sowmg In red sOlI and up to 60 days III black
soIl Plant growth was better In red sOil than In black at 30 days. perhaps
reflectIng the better nodula tIOn. but thereafter there was liltle overall difference
between soIl types untIl 120 days when plants In black soIl were heaVIest

These results mdicate that pIgeon pea nodulates poorly m both SOlI types
at Patancheru, m that nodule actIVIty was very small dUrIng pod fillmg N
supply from nodules limited early plant growth whIch was stimulated by N
fertIhser addItIon Nitrogen fertIlISIng had surpnslOgly lIttle effect on nodule
formatIon and actIVIty from 30 days after plantmg

StudIes on CertaIn Factors Influencmg Legume-RhIzobIa
InterrelatIOnshIp VII Total NItrogen, Orgamc Carbon and

C/N RatIO of the Root Material

D KANDASAMY* AND N N. PRASAD

MicrobIOlogy DIVISion, Faculty of Agnculture, Annamalal Umverslty,
Annamalalnagar-608 101

ABSTRACT

The present study on the effect of mtrogen and carbon present ID plant tissues on
nodulatIOn revealed the absence of any kind of correlatIOn between total nItrogen of
the root of three legummous plant species and nodule number Similarly the effect of
organic carbon on nodulation did not support the theory that Increase ID avallablo
carbohydrate would enhance nodulatIOn A companson of the results of carbon/mtro­
gen (C/N) ratIO and nodulation also Indicated no correlatIOn between C/N ratio
and nodule number III the three plant species studied

.. Present Address Department of BIOlogy, Tamil Nadu Agncultural, Umver8lty,
COlmbatore-640 031
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T"lTRODUCTlON

THl~ profound mfluence of the enVIronment on nodule formatIOn and
symbIOtIc mtrogen fixatIOn has been known for a long time A delIcate balance
prevaIls between the host plant and the mIcro-symbIOnt wlllch can easily be
dIsturbed by envIronmental stress condItIOns The response of the symbIOsIs to
the enVIronment IS mamly determmed by the genetIcal and physIOlogical condI­
tIOn of the host plant (LIe, 1974) RaggIO et al (1957) suggested that the
nutrItIOnal condItIOns requIred by the root of legume plants for normal growth
and mtrogen fixatIOn are not prOVIded by the external medIUm whIle the mternal
C N ratIO of the plant system governs the nodule number (WIlson, 1935) The
present study commumcates the mfluence of carbon and nitrogen of the roots of
three legume plant speCIes on nodulatIOn

MATERIAL AND METHOD~

Greengram (Phaseolus aureus Roxb), Blackgram (P mungo L) and sunnbemp
(erotalana ]uncea L) plants grown III earthern pots were sprayed WIth gIbberellIc
aCId (GA 50 and 100 ppm), 2,4-Dlchlorophenoxy acetIC aCId (2,4-D 5 and
10 ppm) and Illdole acetIC aCId (IAA 250 and 500 ppm) at penodlcalmterval as
per the procedure descnbed by Kandasamy and Prasad (1975) Samples of
root mdtenal were collected at vegetatIve fiowermg and pod-beanng stages
of the crop for the estImatIOn of total mtrogen and orgamc carbon Total
mtrogen was estImated as per the procedure desCribed by Bremner (1960)
and orgamc carbon by Walkley and Black (PIper, 1950) The nodules from the
plants sprayed WIth the growth regulators were counted at the three stages of
crop growth Assummg total mtrogen, orgamc carbon and C/N ratIO as
mdependent vallable, and nodule number as dependant varIable, the relatIOnshIp
was worked out by computmg the correlatIOn coeffiCIents and dependabIlIty
followlllg the procedure gIven by Steel and Torne (1960)

Rr.SULTS AND DISCUSSION

The changes m total nitrogen, orgamc carbon, C/N ratro of the root
matenals and nodulation III greengram, blad.gram and sunnhemp followmg
foliar spray of growth regulators are gIven III Tables I to V That the amount of
mtrogen present III plant tIssues may eAert an mternal effect on nodulatIOn has
been reported by ChaiJakhyan and Meglabyan (1945) and Mac Connell and Bond
(1957) CartWrIght and Snow (1962) observed that decrease III nodulatIon may
be due to high level of nitrogen wlthm the plant However, III the present study
the fohar spray of IAA~500 ppm at vegetative stage on blackgram, and GA-100
ppm at flowenng and pod bearmg stages and GA-50 ppm, 2,4~D (5 and 10 ppm)
and IAA-250 ppm at pod-bearIng stages on sunnhemp lDereased both the
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nodulatIOn and total nitrogen of the root material (Tables I and IV) The statis­
tIcal analysIs of the results also mdlcated the absence of any kInd of correlatIon
between these two factors In any of the thlee legume specIes studIed

The effect of orgamc carbon on nodulatIOn dId not fit In wIth the theory
that lllcrease III avaIlable carbohydrate would enhance nodulatIOn (WIlson,
1935, Kanata, 1957) Though foliar spray of GA...IOO ppm, IAA (2'\0 and

TABLE I

Influellce of formr tleatll1ent with glowth ,egulators all the total mtrogen, orgalllc carbon*

olld GIN ratIO of the roots of greengram

Vegetative stage Flowermg stage Pod-bearing stage

c 0 c: g c:: 2Trealment .,... :::!c:: ~
... ::! c 0: OIl ~c:: ~OIl co OIl co .... -0 co ....-0 "'..0 -0 0:..0 0: .... 0:..0"' .... Z 0: .... Z o~ Z00;:: OIl .... -~ OIl .... eo ........ .,

U 0- ""'" U f-cZ .... '" --f-cZ au f-cZ au au u
GA-50 ppm 147 240 1632 1 28 270 2109 121 375 3099
GA-IOOppm 1 33 255 19 17 1 33 285 2142 1 33 390 2932
2,4-D-5 ppm 1 21 210 1735 110 255 2318 1 08 300 2777
2,4-D-1O ppm 1 35 \95 1414 I 14 270 23 68 1 21 31 5 2603
IAA-250 ppm 1 35 21 5 1592 128 30 0 2343 1 28 345 2695
fAA-500 ppm 1 21 240 1983 128 285 2226 I 30 31 5 2423
Control
(Dlst water spray) I 2\ 195 16 11 I 35 330 2444 121 370 3057

*expre~sed as percentage

TABU:: If

Influence of foliar 11 ea/mellt with gum,1r regl/lators on the total mtrogen, organic carboll"

and CIN 10110 of ,he roots of blackgram

Vegetative stage FlowerIng stage Pod-beal mg stage
------------------------------------

Treatment c ~ c g c 2... ~c:: ~
... ~c:: ... u ~

~OIl OIl '" OIl co-0 CO -0 co "" -0 ....
"'''" ",..0 Z '" "" "'..0 Z 0: .... "'..0 Z0"= e>IJ .... ~~ Oll .... 0':: IOU'-

""'" U 0- '-0: U -'" Uf-cZ ou f-Z au E-<Z au

GA-50 ppm 147 240 1632 1 12 270 2410 I 05 285 2714
GA-100 ppm 1 33 255 19 17 1 47 300 2040 J 33 300 2255
2,4-D-5 ppm J 19 195 1638 154 2:: 5 1850 140 330 2357
2,4-0-10 ppm 1 47 225 1530 1 54 240 1558 I 33 285 2142
IAA-250 ppm 1 19 165 13 86 126 255 2023 098 270 2755

- I <\A-500 ppm 1 47 225 15 30 154 270 J753 1 26 270 2142

Control 1 19 180 1512 I 54 330 2142 140 360 2571
(olst water spray)

"expressed as percentages
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TABLF lIT

Influence of foliar treatment, wuh growth regulators on the total I1Itrogen, organic carbon·

and CrN ratIO of the roots of slll11/hemp

Vegetative stage Flowenng stage Pod-bean ng stage
------------

I:: 0 I:: 0 I:: ~Treatment ... ~I:: ... S!I:: :;; " Slc:: ~OJ) 1::0 ~ OJ) 1::0 .. co 1::0
~o ~o -0"' .. "'.0 Z "''' "'.0 Z ~-

0:.0
Z-- co .. 0<:: OJ)_

0= co ..
0- .. '" --- .. '" U

.. ",

UE-<Z OU U E-<Z OU E-<Z OU

GA-50 ppm 1 68 300 1785 175 345 1971 I 19 380 31 93
GA-IOOppm I 54 300 1948 1 68 360 2142 147 37 5 2551
2,4-0-5 ppm I 82 240 13 18 168 305 18 15 I 34 35 5 2649
2,4-0-10 ppm I 54 28 5 1850 140 330 2357 I 15 360 31 30
IAA-250 ppm 1 54 300 1948 16l 350 21 73 126 375 2976
TAA-500 ppm 140 2':' 5 2035 I 33 350 2631 098 380 3877
Control
{Dlst water spra)) 1 40 270 1928 I 33 365 2744 I 12 395 3526

"expressed as percentages

TABLE IV

Changes IJ1 the nodule number 1/1 greengram, blackg/Q1Il and sl/l1l1hemp a~ II1fiuenced

by foliOl spra> of growth 1egl/iato! s

Greenglam Blackgram Sunnhemp
------

Tleatment Vegeta- Flower- Pod- Vegeta- Flower- Pod- Vegeta- Flo",-er- Pod-
tlve lIlg bearing tlve Ing bearlllg tlve mg bearmg

stage stage stage stage stage stagc stage stage stage
-------

GA-50 ppm 236 136 146 230 326 356 500 520 626
GA-JOO ppm 150 173 223 II 3 406 293 57 I 836 583
2, 4-D-5 ppm 421 620 273 206 120 386 323 393 556
2, 4-0-10 ppm 143 21 3 336 430 790 576 51 3 390 603
IAA-250 ppm 110 460 31 3 256 326 403 293 440 520
IAA-500 ppm 101 51 6 376 650 38 3 446 253 300 336
Control (Dlst water

spray) 29') 320 176 400 540 460 483 683 35 6

CO (P=O 05) <;tage-2 93, Crop=2 93, Tleatments~448, Control vs growth
regulators=3 88, Bet\\ccn growlh legulatols='l 16, Betwecn concentratlOn wllhlll growth
regulatol,=448

500 ppm) on greengrdm at vegetative stage 2,4-D-5 Dpm on blackgram at
vegetatIve stage, and IAA (250 and 500 ppm) on sunnhemp elt vegetatIve stage
mcreased the orgalllc carbon content of the root materIal dnd the treatments
{lid not mcrease the nodule Dumber correspondIngly (Tables II and IV)
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TABLB V

CorrelatIOn between total mtrogen, orgamc carbon and CIN ratIO of the root and nodule number

Independent
Variable

Dependant Coefficient of Coefficient of PredIction Level of
variable correlatIon 'r' regressIOn 'b' equallon slgmficance-

Greengram
Total Nltrogen

Orgamc Carbon
CfN Ratio

Blackgram
Total Nitrogen
Orgamc Carbon
CfN Ratio

Sunnhemp
Total Nitrogen
Orgamc Carbon

C/N Ratio

Nodule Number -02884

.. -00198

"
00944

"
03477
01598

"
-01105

"
00653

.. 03596
00863

Not Slgmficant

.,

....

"..
A companson of the results of Carbon/NItrogen (C/N) raUo and nodulatIOn

also IDdlcated no correlatIOn between CIN ratIo and nodule number In the plant
specIes studIed For Instance, the spray of GA-IOO ppm and 2,4-D-I0 ppm at
pod-beanng stages of greengram, 2, 4..,D-I0 ppm at flowerIng and pod-bearlDg
stages of blackgram and IAA-250 ppm spray a~ pod-beanng stage of sunnhemp
though reduced the CiN ratIO of the root, there was no correspondmg decrease
III nodulatIOn (Tables III and IV) These results, besIdes confirmmg the vIew
of RaggIO et af (1957) that C/N ratIo hypothesIs may be an mad equate explana­
tion for IDhlblt10n of nodulatlOn, tends to uphold the observatIons of
Van Schreven (1959) and Tanner and Anderson (1963) that nodulatIOn was
not IDfluenced by the CJN ratIO wlt~m the plant
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Effect of Crop Vanety on the MultIplIcatIOn of Rh,zoblUm
In the Seed Exudates

K SINGARAVADIVFL AND N N PRASAD

MicrobIOlogy DIVISion, Faculty of Agnculture, Annamalal UDlverslty
Annamalamagar-608 101, TamIl Nadu

ABSTRACT

The multIplicatIOn of rhIzobIa 10 the seed exudates of dIfferent varIeties of
groundnut, blackgram and greengram was studIed The seed exudates of TMV 4,
among the dIfferent groundnut vanetles, that of Co 2 among the dIfferent blackgram
varIetIes, and that of AnJugam among the different greengram varIeties have been

-found to support relatIvely hIgh rate of multIphcallon of the respectIve strams of
rhIzobia

The chemotaXIs of Rhrzoblllnl sp towards the seed exudates of dIfferent vanetIes of
groundnut, blackgram and greengram mdlcated lot of varIations when assayed by
measunng the number of bacteria attracted IOto a capIllary tube contalDmg the respec­
'tlve seed exudate The seed exudates of TMV 4 groundnut, Co 2 blackgram and
AnJugam variety of greengram exerted relatIvely marked chemotaXIs The exudates
of these three varietIes also contaIned relatively hIgher amounts of ammo-mtrogen and
sugars and also amylase and mvertase activIty
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I,<TRODUCTION

VERONA et al (1959) reported that due to elaboratIOn of nutnent 5ub­

stances by the germlllatmg seed, the mlcroflord on Its surface greatly dJffers

from Its surroundmg ExudatIOn of sugars (Balaraman and Prasad, 1974) and

amino aCIds (Balaraman and Prasad, 1974, Jhootyand Rams, 1976) by the

genmnatmg seeds has been reported earher The exudatIOn of these nutnent

substances may well form the energy source for the establJ~hment of seed mocu­

lated rhizobIa (Balaraman and Prasad 1974) That the efficIency of the

symbIosIs IS mfluenced by the crop vanety x RhIzobIum stram InteractIOn has

been stressed by several workers (Gesser et aI, 1972, Russell and GarethJones.
1975) The effect of seed exudates on the multIplIcallon of RhIzobIUm sp as

Influenced by crop vdnety are reported In the present paper

MATERIAL AND METHODS

Groundnut (AI ach1s hypogaea L) vanelIes V1Z, TMV 2, TMV 4,

TMV 7, TMV 8, TMV 9, TMV 10 and Gungapufl, blackgram (Phaseo/us

mungo L) varietIes ADT I, CO 2, CO 3, T 9 and No 55 and green gram
(P aweus Roxb) VarIetIes ADT 1, CO 2, AnJugam, S-8 and H-70-16 were
used 1D thIs study Efficient strams of Rh,zoblUm sp for groundnut, blackgram

and greengram, V1Z ,Rh VI, AUB 2 and AUG 5, were obtained from the culture
collectIons of the MIcrobIOlogy DIVIsion, Faculty of AgrIculture, Annamalal

UnIversity

CollectlOfl of ~eed eAt/dates The seeds were surface stenhzed wIth 0 1 ner

cent merCUrIC chl011de SolUtlO11 and washed In several chang~s of stenle distilled
water Flfleen ~eeds of groundnut and tlllrty seeds each of the blackgram and

greengram were aseptlLJlly transferred to each sterile petf! dISh contaInlDg

stenle Wh:Jtn an No I filter r:aper and mOistened with 5 ml of sterIle dIstIlled
water The eXl.d lte~ were collected from five petri dishes at a tIme for 5 days

at 24 hr Intel vals 5 ml of slcflle dlstJlled water was added to each petf! dIsh

after each collectIOn of the seed exudate The filter papers, wIth small quantIty
of water With wh'ch the petll dishes were nnsed, were finely crushed III a mortar

With a pestle, extract centrifuged and the volume was made up to 50 ml The
seeds have produced rJdlCles by third day So the exudates from third day
onwards also Included the exudates from the radIcle

Effect of crop J'anety on the l11ultlphcatlOn of I!lIzobw In the seed exudates

Seed exudates of different varIeties of groundnut, blackgram and greengram

were collected, as descnbed earlier Twenty four hour cold cultures of
RhIzobIUm sp Isolated from respectIve crop speCIes were suspended In stenle

dIstIlled water, shakrn \\ell and placed on the laboratory bench for 30 mID

for the bactenaI clumps to settle down The suspensIOn was aseptically



 
transferred Into another stenle test tube, one ml of the suspensIOn was Inoculated

mto 50 ml of seed exudates collected from dIllerent crop vanetles At I hr
IOterval, multiplIcatIOn of the organisms was estImated by plate count method
usmg congo-red agar m",dlUm (Allen, 1953) InoculatIOn of ~uspenSlOn In stenle

distIlled Wdtel served as control

Assay of chemotaxIs of 1hlzobza towm ds seed exudates A capillary root
model based on the technique descnbed by Royle and HIckman (1964) was used
for chemotaxIs assay The assay chamber was formed as detaIled below A
5 cm length capillary tube was bent 1I1tO a umform angular U shape and
both ends sealed ThIs tube was placed on a microscope slIde and covered wIth
a cover slip ThIS chamber was then filled wIth about 02 ml of the dbove
bacterIa1 suspensIOn

Thr.~e cm long capI1l1ry tubes were taken and then one end \\ as sealed
III a flame, the capillary tube wa" then qUlvkly p lssed several tImes through the
flame and Immediately plunged open end down Into a 10 ml of seed exudate
As the 'capIllary cooled, lIqUId was dlawn III After about 5 mill, the

capillary was then IIlserted (WIthout rulSl ng) open end first IIlto the chamber

contamIllg the bacten,tl suspenSIOn The capdlanes were handled wIth forceps
After InCUbdtlon for I hr, the caJl/llary was lemoved, Its exterIor was nnsed
WIth a thm stream of water from a wash bottle and then wIth ethyl alcohol and
the sealed end W1S broken off over (to catch any droplets) a fla<k contaIIlIllg
dlstJlled water The capillary tube was broken Into very small pIeces and mixed

wIth dIstilled water, sUitable dIlutIons Were made and plated In petrI dIshes
USIng congo-red agar medIum (Allen, 1953) After lllcubatlOll penod at 28±2°C
the colomes were counted Assay pOInts were IeplIcated for all e'\pellments
and average reported

EstimatIOn of ammo nitrogen and sugars FOl the estimatIOn of sugars and
am1l1o mtrogen the seed exudate was concentrated In a water bath at 60°C The
method of Moore and SteIn (1958) was employed to estimate amInO mtrogen
ReduclIlg and TIon-reduclllg sugars present 10 the exudate were estImated by
Nelson's (1944) method

EstzmatlOn of amylase, /llvel lase and pi otease The seed exudates were
passed through bacteflal filters and subsequently used to e<;tlmate the actIvItIes
of amylase, lllverta<e and protease Amylase and Illvertase were assayed at pH
5 2 employlflg SodIUm-acetate acetIc buffer with 1 per cent soluble starch and
sucrose, respectIvely as substrates (Dawson et ai, 1959) The release of redu­
cmg sugars at the end of 24 hr was determmed by emploYlllg Nelson's (1944)
method
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The Invertase actIvIty was assayed at pH 5 2 USlDg acetate buffer The'

method followed by DavIs and SmIth (1955) was used for the estimatIon of
protease

RESULTS AND DISCUSSION

The results on the multlphcatlon of rhIzobIa m the seed exudates of dIfferent
vanetles of groundnut, blackgram and greengram are presented 1D Tables I to III

TABLE I

Multlpllcatlon ofRhIzobIum sp (Groundnllt Isolate RH VI) In the seed
exudates of different groundnllt vanetles

Populatlon In X 10 6/ml

Samplmg Time (hr)
Groundnut Vanety

0 2 3 4 5 6 7 8 9 10 Total

TMV 2 140 488 578 608 614 624 704 737 793 866 924 7076
TMV 4 140 494 594 630 650 674 709 754 777 884 897 72 03
TMV 7 140 410 558 617 656 702 712 736 765 796 865 6957
TMV 8 140 470 484 492 5 16 552 610 670 7 03 738 768 6143
TMV 9 140 392 497 517 540 564 586 594 644 703 724 5901
TMV 10 140 412 442 490 499 565 585 650 678 704 743 5908
Gangapurl 140 466 496 510 554 585 610 681 714 738 760 6254
DIstIlled water

Control 140 278 293 346 358 393 403 419 436 449 490 4017

Total 11 20 34 10 3942 42 10 43 84 4659 4921 5241 5510 58 88 61 71 49459

CD (P=O 05)=108

TABLE II

MultlpllcatlOn ofRhlzoblUm sp (Blackgram Isolate AUB 2) In the seed
exudates of different blackgram vanetles

PopulatIOn In X 106/ml

Sampling Time (hr)
Blackgram vanety ---------

0 2 3 4 5 6 7 8 9 10 Total

ADT 1 086 328 376 436 468 520 560 600 640 688 736 5438
CO 2 086 352 408 464 512 556 628 672 7 12 756 812 5958
CO 3 086 292 328 372 420 464 492 ·540 592 632 688 4886
T 9 086 248 288 3 12 332 368 452 484 504 55Ci 588 4218
No 55 086 276 3 12 344 392 416 468 532 576 600 628 4630
DistIlled water

Control 086 1 76 I 98 209 223 245 262 287 296 3 05 352 2629

Total 516 1672 1920 21 37 2347 2569 2862 3105 3320 3537 3774 27759

CD (P=O 05)=1 32
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TABLE III

MultiplIcation ofRhizobium sp (Greengram Isolate AUG 5) m the seed

eJ.udates ofdzfferent greengram varieties

PopulatIOn X IOB/ml

Samplmg time
Greengram vanety

0 2 3 4 5 6 7 8 9 10 Total

Control 095 I 58 1 69 173 178 1 85 194 207 2 18 226 235 2038
ADT 1 095 308 336 364 390 452 496 518 546 578 606 4689
CO 2 095 284 304 330 356 386 420 456 480 506 530 4147
AnJugam 095 276 330 386 452 508 544 582 604 650 688 51 15
S 8 095 250 280 300 3 16 328 346 380 408 428 466 3597
H 70-16 095 246 264 282 302 322 354 364 378 392 406 3405

Total 570 1522 1683 1835 1994 21 81 2354 2507 2634 2780 2931 22991

CD(P=O 05)=0 91

RhizobIUm sp multlphed rapidly m exudates of all the vanetles and the popula­
tIOn lllcreased with Illcrease In the time of lUcubahon The seed exudates of
dIfferent groundnut vaneties showed vanatlOn III supporting the multlphcatlOn of
RhIzobIUm sp Among the different vanetles, exudate of the vanety TMV 4 was
found to support slgIllficantly hIgher rate of multlphcatlOll (Table I)

The multIpllcatlOn rate vaned with dIfferent vanetle::. Among the different
blackgram VarIetIes, Co 2 was found to support relatIvely hIgh rate of multIphca­
tlOn of RhIzobIum The rate of multlphcatlOn was III order of Co 2> ADT l>
Co 3> No 55> T 9 (Table II)

The vanety An]ugam was found to support relatively hIgh rate of
multIplIcatIOn However, It did not slgIllficantly vary with ADT I The
vanetIes CO 2, S-8 and H-70-16 did not slgUIficantly vary with each other
(Table III)

In the seed exudates of all the three crop species the multiplIcation of
Rhizobium sp was very rapid dunng the first hour and later iDcreased steadl1y
with lllcrease 1U the lllCUbatlOn peflod That the legume seed exudates form
good energy source for the multlphcatlOll of rhIzobia has been reported earher
by Balaraman and Prasad (1974) and Ramalll (1974)

Interestmgly, when the chemotactic effect of the seed exudates of different
vanetles of the three ClOp specIes was studied on the respective stram of
Rhizobium sp (Table IV to VI) these three vanetles showed mall.lmum chemotac­
tic effect The chemotactIc effect of seed exudates was III the order TMV 4>
TMV 7> TMV 2> Gungapun> TMV 8> TMV 9 for groundnut vanetIes,
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TARl.E IV

Chemotactic effect of seed exudatej of different varletles of
gloundnut on RhizobIUm ~p (lsolate-RH VI)

Vanety

Control
TMV 9
TMV 4
TMV 7

TMV 8
TMV 9
TMV 10
Gungapun

Popu!allon* (X 104)

068
220
268
232
204­
I 52
J 68
208

TARLE V

Chemotactic effect of seed exudates of difJerent vaJletles of
blackglGm on RlllzoblUm sp (Isolate-AUB 2)

Vanety

Control
ADT J
CO 2
CO 31
T 9
No 55

PopulatIon* (X 104)

202
768
898
666
628
640

TABl.e VI

Chemotactic effect of seed e'Cudates of difJelenl vallelleS of
greengram on Rhlzoblllm sp (lso/ate-A UG 5)

Vanety

Control
ADT 1
CO 2
AnJugum
S 8
H-70 16

PopulatIOn (X 104)

070
7 15
530
86.j.

I7S
274

CO 2 > ADT 1 > CO 3> No 55> T 9 for blackgram vanetIcs and Amugam>
ADT 1 > CO 2 > H-70-16> S-8 fOl greengram vaneties Adler (1973)
repolted the chemotaxis of Eschencll/a coli to L-aspartate Balaraman and

Prasad (1974) reported the occurrence of fourteen ammo aCIds In the seed
exud~tes of groundnut variety TMV ~ Jhooty and BalOs (1976) reported the

occurrence of fifteen amIno aLlds dod three sugars III the seed exudates of
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glcengral1l Further studIes on the qualltatne nature of the seed e'<udates of
dIfferent vane tICS wIll leveal the subst1nce(s) that are ellcItmg the chemotactIc
rf'sponse

The exudate~ of the vanetles that supported maxImum growth rate VIZ,

TMV 4 (groundnut), CO 2 (bJackgram) and An]ugam (greengram) also contaIned
relatIvely hIgh amounts of dmlllO nItrogen and sugars, and the exudates of vdrletIes
wllh low levels of nutrIents supported less growth' (Tdbles VII to IX) The
exudates of t.hese three valletle~ also levealed a reldtlVely pronounced actIvIty of

protease, amylase and Invertase among the vanetles of the I espechve crop specIes
(Tdbles VII-IX) The hIgh dctlVlty of these enzymes mIght mfluence the cleavage
of macromolecules lil the VICInity of geflTIlnatIng ~eed which, m turn, Influences
the rhlzobIaI nutritIon therem

TABlE VII

'Sugal s, ammo mtlogen and certall1 enzymes In the ~eed exudatIOn of
different glollndnllt Ianefles

Ammo" Reducing" Non-redUCing"" Invertase ....Amylase** Protease*""
Vanety mtrogen sugar sugar

TMV 2 4459 6471 1522 6798 7 137 0056
TMV 4 4642 6851 I 646 7763 8 235 0058
TMV 7 2504 6379 1 641 6610 4187 0044
TMV 8 3054 5708 1 418 6031 3284 0047
TMV 9 I 282 3140 1414 4765 3 140 0037
TMV 10 2932 4320 1237 5023 3521 0042
GangapurJ 2137 5864 1 566 6094 3387 0052

.. Glutamic aCid eqUIvalents III mg/50 ml of seed exudate
*'" Glucose eqUIvalents In mg/50 ml of seed exudate

.. ** Tryptophan eqUivalents In mg/50 ml of seed exudates

TABLE VlIl

Sugm s, ammo /1/tlogen and eel tam enZymes In the seed e\lldatlOn of

diffel ent blackgl am vm letles

Vanety Ammo" Reduclng*" Non reducmg'" Invertase" , Amylase"" Protease"""
mtrogen sugar sugar

ADT 1 3420 6187 1237 236 4874 0023

CO 2 4347 6471 1951 2760 5233 0028
CO 3 2748 6043 0856 I 903 458 0021
T 9 3 176 5088 0946 1 954 d 061 0013
No 55 2565 5076 0570 1 856 4044 0019

.. Glutamic aCid eqUivalents In mg/50 ml of seed exudate
"* Glucose eqUivalents In mg/50 ml of seed exudate

, ".. Tryptophan eqUivalents m mg/50 ml of seed exudates
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TABLE IX

Sugars, ammo mtrogen and certam enzymes m the seed exudation of
different greengram vanety

Ammo· Reduclng** Non-reduclOg** Invertase" Amylase·· Protease·...
Vanety mtrogen sugar sugar

ADT 1 3290 5090 0570 1637 1427 0013
CO 2 2443 4377 0666 1 532 1521 0022
AnJugam 6720 4948 0761 1 998 2372 0024
S 8 1710 4162 0390 1 523 1712 0011
H 70-16 2443 1237 0380 1427 1423 0013

.. GlutamiC acid eqUIValents In mg/50 ml of seed exudate
•• Glucose eqUivalents In mg/50 ml of seed exudate

••• Tryptophan equivalents In mg/50 m] of seed exudate
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.'Effect of Crop VarIety on the MultIplIcatIOn of Inoculated

RhIzobIa In the Spermosphare RegIOn and theIr Entry
mto Rhizosphere

K 8lNGARAVADIVEL AND N N PRASAD

Microbiology DivIsion, Faculty of Agnculture, Aonamalai UDlverslty

AonamalaInagar.608 101, TamIl Nadu

ABSTRACT

The RhrzoblUm sp IDoculated 00 the seeds colonIzed rapidly ID the spermosphere
and rhlzosphere regions of groundnut, blackgram and greenaram However, the
,extent of such proliferation vaned with crop variety

INTRODUCTION

THE success of seed moculated rhIzobIa depends on the rate with which they
multIply In the sperroosphere regIOn and their subsequent entry mto the
rhIzosphere One of the Important factors which mfiuences the multiplIcatIOn of
rhizobIa In the spermosphere IS elaboratIOn of nutrIents (Balaraman and Prasad,
1974) as well as mhibltory substances (Kandasamy et al , 1974) by the germ1­

'llatlDg seeds The crop varIety IS likely to IDfluence the nature of the substancel
elaborated by the germmatmg seed The effect of vanety of groundnut (ArachIs
,hypogaea L), blackgram (Phaseolus mungo L ) and greengram (Phaseolus aureus
Roxb) on the multiplicatIOn of moculated rhIzobIa 10 the spermosphere and
their subsequent entry Into the rhlzosphere IS presented 1D thiS paper

MATFRiALS AND METHODS

Different vanetles of groundnut VIZ, TMV 2, TMV 4 TMV 7, TMV 8,
TMV 9, TMV 10 and GangapufI, blackgram vanetles V liZ , ADT 1, C02,
C03, T9 and No 55 and greengram VIZ, ADT 1, C02, AnJugam, 8-8 and
H 70-16 were surface sterIlIzed WIth 0 1 per cent merCUrIC chlOrIde and washed
10 several changes of stenle distIlled water They were then treated separately
for 12 hr With the respectlve rhIzoblal stram EffiCIent rhIzobial strams for
groundnut blackgram and greengram VIZ, Rh VI, AUB 2 and AUG 5,
respectIvely, were obtamed from the culture collectlon of the Microbiology
DiVISIon of the Faculty of Agnculture, Annamalal UDlversIty and ul>ed 10 tbls
study The treated seeds were drIed In shade on filter paper
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CIrcular mud pots of the sIze 15 cm nwmeter were filled with soIl and

stenhzed The seeds treated with RhIzobIum sp were sown 1D these steTlhzed
sOli as well as In unstenhzed SOli The sOil mOIsture was maIntamed at 60 per
cent level 10 the pots

EnumeratIOn of Rlllzobzum sp In the spermosphele and rhlzosphere sOIls

1 CollectIOn of spermosphere sod sample Germmatmg seeds along with
the adhenng spermosphere sOlI were collected and! g of the samp'e was trans­
ferred to 100 m! stenle water blank 10 a 250 ml Erlenmeyer flask

2 CollectIOn of rlllzosphere sol! sample The rhlzosphere sad samples
were collected by pulling out the young seedlings carefully with the root system
The roots after gentle tappmg to remove as much of adhenng soil as possible,
were cut wIth stefllized sCissors and transferred to a 100 ml stenle water blank
III 250 ml Erlenmeyer flnsk (Tlmonm, 1940)

The dry weight of the samples from each of the flasks were determmed by
trans.fernng the contents to petndlshes of known weight, evaporatmg over a
water bath and drYlOg to a constant weight In a hot aIr oven at 150°C The
total dry weight of the sample was calculated, taking 1010 conSideratIOn the
quantity utlhzed for microbial estimatIOn

3 EstImatIOn of Rhlzobzal numbels For estlmatmg the rhIzobia!
numbers In the spermosphere and rhlzosphere soil, samples collected 1D the
stenle water blanks III Erlenmeyer flasks were shaken thoroughly on a rotary
shaker for 5 mID, and serial dilutIOns of the suspensIons made uSIllg stenle
water blanks One ml of the diluted suspensIOn were transferred aseptically to
petndlshes dnd melted congo-red agar medium (Allen, 1953) added The
petnd,shes were Incubated at room temperature (28±2°C) for 5 days and the
eolontes conducted

RESUL IS AND DISCUSSION

The seed Inoculated Rh,:ob,um sp has established and multlpl1ed m the
spermosphere and rhlzosphere regIons of dIfferent groundnut varIetIes
However, the extent of such plOllferatlon \ aned with dIfferent V1JJet,es In
both stenle and nons{enle sods rhIzobIa! multIplIcatIOn and estabhshment III

the spermosphere region was relatively hIgher In the vanety TMV 4 Vanety
TMV 9 was tound to support relatIvel y les~ number of rhizobia In the spelmo­
sprere and rlllzosphere compared to other varIeties The rhlzoblal numbers In

the spermosphere and rhlzosphele reglODs of these vanetIes were statistIcally on
par exceptmg for TMV 9 (Tdble I)

Among blackgram varretles Co 2 and ADT 1 were found to support
relatively hIgher multiplication of rhizobIa However, these varieties were on
par with C03 and No 55 val Jetles (Table II)
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TABLE I

Effect of crop vat/ety on the multIplicatIon of Rh,zoblO In Ihe Spermosphere and Rhlzosphere
regIons of groundnut (PopulatIon In l06/g of mOIsture free 5011)

Vanety
Treatment samplIng --------
tIme (m days) TMV2 TMV4 TMV7 TMV8 TMV9 TMV 10 Gangapun

SteT/Ie sOIl
Spermosphere

1 786 954 510 390 1 10 430 504
3 840 10 30 740 666 254 590 722

Rhlzosphere
7 872 774 654 676 454 643 634
9 456 544 633 464 488 456 623

Non-sttrrle sOIl
Spermosphere

1 456 370 21 6 250 I 14 191 306
2 484 720 624 470 380 492 504

Rhlzosphere
3 740 690 578 560 420 464 532
7 258 266 372 310 284 278 354

Stenle SOil C D (P=O 05)=2 46
Unstenle sOil C D (P=O 05)=1 17

TABLE II

Effecr of crop vaT/e/res on Ihe multlplrcatIon of Rhizobium In rhe Spermosphere and
Rhlzosphere regIons of blackgram

(PopulatIon 10 106/g mOisture free 5011)

Treatment
samplIng tIme Vanety
(m days) ------------------------ -

ADTl CO2 CO 3 T9 No 55

SreT/le sorl

Spermosphere
1 428 480 260 180 248
3 460 540 520 272 368

Rhlzosphere
7 660 680 552 368 433
9 704 724 568 332 5 12

Non-sterile sOli

Spermosphere
1 275 340 268 148 220
3 328 180 280 320 280

Rhlzosphere
7 5 12 5.56 388 328 36(}
9 568 592 448 370 402

Stenle C D (P=O 05) =103
Unstenle C D (P=O 05)= 1 93
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Among the greengram vJ.nehes, AnJugam was found to support a

relatIvely hIgher rate of multIpltcatlOn of RhIzobIa compared to other vunehes
used tn both stenle and nonstcflle sods However, It was on par WIth ADT 1
and CO 2 VaTlelICS In stertle soIl and ADT 1, CO 2 and 8-8 In nonsterJle sOIl
(Table Ill)

TABLE III

Effect of crop varIeties 011 the multrpl,catlOlI of RhizobIUm In the Jpermospltere and
rhlzosphere regIOns of greengram

(PopulatIOn In 106jg of mOisture free sOil)

270 42\ 196 162
292 444 292 J 71

326 550 366 352
480 648 280 335

260 376 192 122
317 467 288 148

436 534 306 366
680 662 522 412

Treatment
Sampling time
(m days) ADTI

Stenle SOIl

Spermosphere
I 385
3 4 13

Rblzosphere
7 500
9 535

Non-stellie sod

Spermosphere
J 368
3 388

Rhl:lOsphere
7 560
9 58&

C02

Variety

AnJugam 58 H 70-16

SterIle sOlI C D (P=O 05) =226
UnstenJe SOIl C D (P=O 05) =239

Thus, the dIfferent vanetles of the three crop species vdrIed In supporting
the multiplicatIOn of respectIve strams of lOoculated rhizobia In the spermosphere
and rhlzosphere regIons Gasser et aJ (1972) reported a SIgnificant vanety y R
meillotl strdln mteractlOn among alfalfd cultlvars Russell and GarethJones
(1975) reported a conslderdble v,'natIOn among the cultlvars of red and whIte
clover 111 theIr selectIOn of rhlzoblal stram The results of the present 1l1Vestl­
galIOn clearly pOIDt to the need for an IntenSIve work on the legume vanety x
RhzzoblUm stram mteractIOn In the cowpea cross InoculatIOn group

The multiplicatIOn of RhzzoblUm was hIgher In the rlllzosphere regIOn than
In the spermosphere regIOn both 111 <;tenle ami unsterile SOlIs wah respect to the
th ree crop species Sundar re,ult WdS reported by Bdldraman (1970) <lnd
Kandasamy (1974) ThlS might be due to the differences In the chemical
nature of the seed anJ root e>..udates Bal<traman (1970) and RamaDl (1974)
reported that the reducmg sug.lrs, non-reducmg sugars and ammo nItrogen
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"Ifolll by

Study of

SOil-borne

level 10 the seed exudates increased wlth mcrease m tIme durmg germInatIOn
and Kandasamy (1974) reported that the total phenolics In the root exudates
of blackgram, greengram and sunnhemp decreased wIth Increase In the ~eed hng
age

The multIplicatiOn of rhIzobIa was 1Il general hIgher In stenle soil than In

unsterile !!lOll Van Schreven (1970) and Danso and Alexander (1974) reported
that mlcroorgamsm~are responsIble for the changes III rhlzoblal numbers III the
non-sterIle habitat Danso et a/ (1975) reported the appearance of many
protozoa ill normal soIl to which the rhIzobIa ,Ire added which feed on these
bactena and cause decline 10 multIplicatiOn
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Effect of SoIl MOisture on the EstablIshment of Rh,zoblUm 10

the Spermosphere and Rhlzosphere RegIOns of Legummous Crops

K SINGARAVADIVEL AND N N PRASAD
Microbiology DIvISion, Faculty of AgncuIture. Ann.malaJ UDlverSlty

Annamalamagar-608 101, Tamil Nadu,

ABSTRACT

The rhlzoblal colonIzatIOn In spermosphere and rhlzosphere regions was high at 70
per cent mOIsture level. In three legumes VIZ, groundnUl, blackgram and greeniram

INTRODUCTION

SURVIVAL and multlphcatlOn of Inoculant rhIzobia In the sperrnosphcre and
rhlzosphere regIOns IS a deCiding phase for the suCcess of nodule formation
Many workers (Vmc,ent and Waters, 1954, Rovlfa, 1961, Marshal 1964,
Chowdhury et al, 1968, Kandasamy, 1971, Balaraman and Prasad, 1972,
Ramam, 1974) studied the factors mfluencmg the surVival and multIplIcation of
rhIZobIa on the seed surface Tho effect of different soil mOIsture levels on the
establIshment and multlphcatlOn of rhIzobIa ID the spermosphere and rhlzosphere
regions of groundnut (Arachzs hypogaea L), blackgram (Phaseolus mungo L)
and greengram (P aureus Roxb) are presented 1D thiS paper

MA TERIAL AND METHODS

The seeds of groundnut (TMV 4), blackgram (Co 2) and greengram (Anjugam)
were surface stenhzed WIth 0 1 per cent mercuric chlonde solution and washed
With several changes of stenle water They were then treated With respectIve
rhIzobIa I suspensIOns for 12 hr The treated seeds were dried In shade on
filter paper

Circular mud pots With 15 cm diameter were filled With SOlI and stenhzed
The Rh,zobrum treated seeds were sown 1D the stenhzed pots at different mOIs­
ture levels VIZ, 30. 50 70 and 90 per cent and submerged condItion

The RhIzobIUm populatiOn 10 the spermosphere SOils was estlmated at the
end of 24 hr and 72 hr and that of rhlzosphere sol! on 7th day and 9th day,
followmg the dilution plate techDlque usmg congo-red agar medium (Allen,
1953) The populatIOns were counted after 5 days of IncubatIon USing Arnold
colony counter
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RESULTS AND DISCmSJON

The Rhizobium coloOlzatlon In spermosphere and rhlzosphere regIOns of
groundnut was high at 70 per cent mOIsture level There wa~ no marked vana­
tIOn III the cololllzatlOD of Rhizobium between 50 and 90 per cent mOIsture levels
The colomzatIon was In order of 70> 50> 90> submerged> 30 per cent mOisture
levels The rhlzoblal numbers declined rapidly after 7th day 1D the rhlzosphere
(Table I)

TABLE I

Effect of SOil mOIsture on the establJshment and multiplicatIOn of RhizobIUm In spermosphere
and rhrzosphere regIOns of groundnut

(Population In x 106jg of mOisture free sol1)

Spermosphere Rhlzosphere
Treatmenl --------- ----------

1st day 3rd da) 7th day 9th day

30 per cent 292 392 240 214

50 per cent 440 812 780 460

70 per cent 660 1020 11 20 580

90 per cent 320 523 923 568

Submerged 1 80 440 460 309

CD (P=O 05)=2 03

TABLE II

Effect of SOIl mOlstu,,- on the establishment and mnltlpllcatlOll of Rhizobium III the
spermosphere and rhlzosphere regIOns of bla ckgram

(Population In x 106/g of mOisture free SOil)

Spermospherc Rhlzosphere
Treatment ----------- ----

1st day 3rd day 7th day 9th day

30 per cent 1 52 228 2110 208

50 per cent 253 859 920 500

70 per cent 421 892 903 668

90 per cent 2 18 248 340 264

Submerged 160 320 260 200

C D (P=O 05) =0 23

The colonIzatIOn of RhizobIUm both In spermosphere and rhlzosphere
regions of blackgram was high at 70 per cent mOisture levels The results
revealed that the submerged conditIOn does not favour the rhizobia In the
rhlzosphere
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TABLE III

Effect of ~0I1 mOIsture on the establIshment and multiplicatIon of RhizobIUm In the
spermosphere and rhlzosphere regIOns of zreengrom

(PopulatIon In x 106jg of mOisture free SOlI)

Spermosphere Rhlzosphere
Treatment

1st day 3rd day 7th day 9th day

30 per cent 605 854 751 608
50 per cent 752 865 10 80 925
70 per cent 820 1281 1550 1097
90 per cent 721 803 9 03 856
Submerged 622 652 805 702

CD (P=O 05) =181

The colonizatIOn of RhIzobIUm m the spermosphere ..md rhlzosphere regIons
of greengram was high at 70 per cent mOIsture level At dIffelent mOIsture levels
the coloUlzatlon was In order of 70> 50> 90> 30 per cent> submerged mOIsture
levels The rhlzoblal numbers were higher In 7th day samphng than on 9th day
At 30 per cent level the spermosphere s01l recorded more numbers compared to
rhlzosphere soIl De-pollt et al (1974) reported that survIVal of native and
moculated rhizobIa decreased WIth IUcreasmg mOIsture levels
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Effect of SoIl Compaction and MOIsture on NodulatIOn and

YIeld Component,; III Groundnut

B G KARLE, C P GHONSIKAR AND R S RAUT

Departmenl of SOli SCience and Agnculturl Chemistry, Marathwada Agricultural
UDlverslty, Parbhana (M S )

ABS1RACT

Soli compactIOn In a range from 09 to I 2 B D tended to Increase flower and
gynophore productIon 10 ground nut grown when with restncted mOIsture supply at 20
and 60 per cent available mOisture In SOIl Pod beanng pegs per stand decreased with
increasing bulk denSity at 40 and 60 per cent available mOisture levels Soli compac­
tIOn delayed total flower production lncreasmg SOIl compactlon reduced the develop­
ment of nodule~ per stand SOli bulk denSity of 1 0 at 20 per cent available mOisture
produced 120 nodules per stand as agaInst 31 33 nodules per stand for bulk denSity of
1 2 at 60 per cent avatlable mOIsture Pod and dry matter producllon was affected
cOlfespondmgly wtlh lncrea'ilng soli compactIOn and SOil mOisture stress

1'\TRODUC.nON

SOIL compact ton IS In Important problem 1U areas where SOlIs con tam

large proportIon of cIa\' fraction and poor dramage condItions Sol! compac­
tIOn devf'!op~d by way of repe-tted opeultlOns of equJpments over a SOlI greatly

affect the germination of seed<; and emergence of seedlings Crop respon~cs to

SOlI compactIon have receIved ~ttentlon 1D recent years In an endeavour to IdentIfy

the factors affectIng the plaat re&ponses Bertrand and Kohnke (1957) found

that sub solI compactl<' n slowed dIffUSion of sot! atmosphere which In turn

reduced the growth of corn Velhmeyel and Hendnckson (1948) IUdicated that
restrIcted root ~rowth IS a fun:;t\on of bulk denSIty Adams et oj (1960)
reported that mcre3smg surface sod bulk denSIty lowered the yields of potato,

sugar beet, wheat and corn Flocker ct al (1958) observed that compactIon of
fine sandy loam sot! to a bulk denSIty of 1 58 gfcm> reduced the yIeld of number
of WInter cover crops and legumes

CompactIOn and hardness at the sorl surfdce 1,kewl<;c affect greatly

gynophore penetratIOn and pod development 111 groundnut MOisture stress In

SOil further hardens the SOil sUlface The present study tS aImed to Investtgate
the effect of compaetne<;s and sol! mOIsture levels on noJulatlOn <md YIeld
components III groundnut
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MATERIALS AND ME1HODS

A green house expenment was conducted u<;mg metal pots of 27 em
diameter A medJUm black cotton sod, prevlOusly passed thn!>Ugh 2 mm Sieve,
wa, filled In the pots The soli was pressed unIformly to desIred bulk density
Ie, 09, I 0, 1 1 and 1 2 gJcm' Soil mOisture levels were adjusted 10 20 per
cent, 40 per cent and 60 per cent aval1able IDOlsture levels Five bold groundnut
seeds of vanety SB XI Inoculated with rhIzobIUm culture were SOWn In the pots
at the surface and loose soIl was spread over uDlformly Only one healthy
plant was maIntaIned after two weeks from emergence for further observatlOns
MOisture levels as Indicated were malntamed throughout the life penod of crop
All treatments were replIcated thnce NodulatIon count was taken at half
flowering stage Other observatIOns were made at the appropnate tIme

RESULTS AND DISCUS~ION

Morphological characters It IS eVident from the data III Table I and II that
the dlfferences III per cent germmatlOn and days to first flower were not sIgDlficant

TJ\BLE 11

Effect of ~Oll compactness and mOisture on nodulatIOn and YIeld components III Groundnut

MOIsture DenSIty MOIsture A Den~lt)'

----
SE CD SE CD SE CD SE CD

%GermInatIOn 10 99
Days to first flower 3 12
Total flowers produced/plant 247 725 123 362 142 419 247 726
Pegs/plant 1 39 410 069 205 080 236 1 39 409
Pegs as %of total flowers 430
Pod beanng pegs/plant 083 243 041 048 141 083 244
Pod beanng pegs as %of total

flowers 1589 4661 169 195 5 85 3 38 993
Pegs Without pods 214 641 107 321 I 23 3 63 2 14 6 '28
Pegs Without pods as %of total

flowers 593 1741 296 871 342 1005 593
~~ flowers not produclOg pegs 431
Days after sowmg to produce

50 %of total flowers 070 205 012 035 016 047 o 69 205
Days after start of flowenng

to produce 50 o~ of flowers 066 1 95 033 097 038 1 15 066 1 95
Total pods/plant 075 221 037 043 1 28 075 222
Pod yield mg/plant 040 1 17 020 059 022 039 1 16
No of unde\eloped pods/plant 055
No of developed pods/plant 081 238 042 046 1 35 081 238
Dry \\Ielght of plant at harvest 092 270 045 052 1 55 092 270
No, of nodules/plant 292 8 58 1 46 429 1 69 495 292 858
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However, differences In total flower production per stand In all treatments were
sIgDlficant There was an mcreaslOg trend In flower productIOn In 0 9 to 1.2
bulk densIty at 20 per cent and 60 per cent avaJlable mOIsture Bulk density of
1 2 at 40 per cent available mOisture produced maXImUm (63) flowers Ingroundnut
m contrast to 15 flowers m a treatment of 0 9 bulk densIty at 20 per cent
avaIlable mOIsture The InteractIOn effects were SignIficant Plocker et al.
(1959) showed that compacting sOil to a certam denSIty mcreased the per cent
germmatlOn In tomato plant CompactIng the SOIl delayed the seedlIng
emergence The dIfferences 10 the total peg productIon per stand were sIgmficant
for ddferent mOIsture levels Interaction effects were also slgmficant 1 2 bulk
denSIty at 40 per cent available mOlsture produced 53 pegs per stand represent­
10g 84 74 per cent pegs as per cent of total flowers ThIS treatment was
SIgnificantly supenor over other treatments An IncreasIng trend m peg produc­
tion per stand was observed from 0.9 to 1 2 B D at 20 per cent and 60 per cent
avaIlable mOIsture The number of pod beanng pegs per stand was IOcreased
WIth IncreasIng B D at 40 per cent and 60 per cent aVaIlable mOIsture levels
The number of pegs WIthout pods was Increased WIth Increasmg mOIsture levels
10 09 and lOB D and WIth lOcreaslI1g denSIty at 20 per cent avaIlable mOIsture
level B D of 1 2 at 40 per cent avaIlable mOisture produced 79 42 per cent
pegs WIthout pods as per cent of total flowers 10 contrast to 33 22 per cent In

09 B D at 60 per cent available mOIsture Trw InteractIOn effects were at par
In all the treatments the differences 10 the per cent flowers not producxng pegs
were not sIgmficant B D of 1 0 at 20 per cent avaIlable mOIsture reqUIred
54 33 days after SOWIng to produce 50 per cent of total flowers 10 contrast to 44
days 10 0 9 B D at 60 pel cent avaJlable mOIsture level The dIfferences between
dIfferent mOIsture and denSIty levels and mteractIODs were SIgnIficant liB D
at 40 per cent avaIlable mOIsture regamed 10 days after flowerlOg to produce 50
per cent of to the flowers 10 contrast to 1933 days In lOB D at 20 per cent
avaIlable mOIsture Flocker et al (1959) reported tbat compreSSIOn of solI
beyond certam lImIts resulted III an overall xnhlbltlOn of some of the phySiolo­
gIcal processes of plant growth 10 tomato Bertrand and Kohnke (1957) repor­
,ted tbat the Influence of SOlI compactIOn appeared to be related to many sol1­
plant-climate mteractIOn

NodulatlOn, A sIgmficant negatIve response to nodulatIOn was observed
WIth mcreaslng SOIl B D and moslture levels lOB D at 20 per cent avaIlable
mOIsture level produced 120 nodules per stand 10 contrast to 31 33 nodules 10

] 2 B D at 60 per cent avaIlable mOIsture SignIficant dIfferences were also
observed between mOIsture and denSIty levels 09 B D IOcreased nodules per
stand WIth lOcreasmg mOIsture levels sIgnIficantly, on the other hand 1 0, 1 1
and 1 2 B D decreased nodules WIth lOcreasmg mOIsture levels It mIght be due
to poor root growth because of lack of oxygen supply, lesser porosIty, poor
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water utilizatIOn and restrIcted nutnent uptake Velhmeger and HendrIckson
(1948) reported that restrIcted root growth IS a functlOn of B D

Yield and ylf:;ld components A decrea~lOg trend In pod yield per stand
was observed with lUcreasmg bulk density and mOisture levels 09 bulk densIty
slgUlficantly mereased pod yIeld/plant wIth mcreaslng mOIsture levels' The
dIfferences withIn bulk densIty were at par 09, I 0 and I I bulk denSIty
lncreased dry matter With JDcreasmg mOIsture levels However, Wlttsell and
Hobbs (1965) found reductIOn In legume yield due to compactIOn of sOlI Adams
et a/ (1960) reported that Jncreaslllg solI bulk densIly from I 07 to 1 14 g/cm d

lowered the yIeld of potato, sugar beet, whedt and corn Yields of sorghum
grains, Sudan grass and wheat were also d~pressed by sol! compactIon (Wlttsell
and Hobbs, 1965)
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Rhlzoblum sp m Sterile SOl]

R SWAMINATHAN AND N N PRASAD

DIVISIOn of MicrobIOlogy, Faculty of Agnculture, Annamalal University
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ABSTRACT

The effect of pH, mOlsture and temperature on the growth of rhizobIUm (AUB 2)
was studied The optimum pH, mOisture and temperature were found to be 9, 60 per
cent and 30°C respectively

INTRODUCTIOl\

IHE process of nodule formation by rhizobIa has been mfll'cnced by pH,
mOisture and temperature (Yadav and Vyas, 1971, Roughley, 1968 and Roughley
and Vmcent, 1967) The present study deals With the Influence of such factors
on the surVival of Rhlzobmm

MATFRIAL AND METHOD~

An Isolate of RfllZOblU111 sp (AUB 2) from blackgram grown m yeast
extract manmtol broth was Illoculated Into sterIlIzed soIl, mamtamcd under
dtfferent pH (7 0 to 100), mOisture (20 to 100 per cent) and tempelature (30 to
45°C) levels The rhizobia I populatIOns 1D the soli was estlmdted at 20 days
mterval by dIlutIOn plate techmque uSlDg yeast extract manDltol agar medIUm
contatnlDg congo-red

The rhlzoblal populatIOn was more on 60th day at pH 9 and It declIned
-thereafter (Table I)

The moculated rhizobial cells multlphed well at 60 per cent mOisture level
MaXImum populatIOn was obsel ved on 120th day at 60 per cent mOIsture level
(Table II)

The rhl2lObrai population was more dt 30°C and dt other levels the popula­
tIOn was very much affected (Table III)

With most legumes nodule formatIOn takes place III a nan ow Iange of
H-lOn concentratIOn Yadav and Vyas (:971) reported that the optimum pH
,for growth of Rhl::oblUl1I spp vaned between straws, for berseem stralOS It was
;pH 7~8, for cowpea pH 5-7, for dal11cha pH 6-7, for gram pH 7-9, for
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TABLE I

Effect of pH on the survIval of Inoculated RhizobIUm Ip In ste"le lOll
(l06/g)

pH
Samphng time JD days

Mean
20 40 60 80 100 120

7 240 190 175 140 100 75 153

8 200 290 330 180 120 90 20 I

9 230 340 435 330 240 130 284

10 230 300 200 175 125 80 185

Mean 225 280 285 206 146 93

IDlha1moculum 23 x 1Q6/g of sOlI Treatment SE D 28
SlgDlficant at 1 per cent level CD 60

Treatment Tl T4 TL T3 PerIOd SE D 35

PerIod P6 Ps P4 PI Pz P3 CD 74

TABLE II
Effect of moISture on the survIval of Inoculated RhizobIUm sp In sterIle sod

(l06/g)

MOisture
Samplmg time In days

Mean
per cent 20 40 60 80 100 120

20 230 105 55 35 20 1 5 76

30 280 125 65 40 35 20 94

40 305 145 75 60 50 25 110

50 360 190 95 80 65 50 139

60 550 200 140 105 90 80 194

70 450 290 120 90 80 70 183

80 390 195 100 80 65 60 148

90 370 135 90 70 50 40 125

100 370 85 85 60 35 20 109

Mean 362 162 9 1 69 55 42

IDltlalmoculum 23 x 106/g of sOil Treatment SED 20

Slgmficant at 1%level CD 40

Trealment T1 T z T9 T3 Tg T4 T7 T6 Ts PerIod SED 1 3

PerIod P6 Ps ..!.i.!l. Pz P l CD 26

groundnut pH 5-7 and for guwar pH 5-6
blackgram was found to surVIve well
up to 60 days after moculatlOn
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TABLE III

Effect of temperature on the furY/val of Inoculated Rhizobium ~p in sterile 5011 (J06jg)

Sampling time In days
Temperature Mean

20 40 60 80 100 120

300 e 330 130 45 20 1 5 05 91
3SoC 170 70 30 1 5 05 48
40°C no 60 30 05 34
45°e 70 45 20 05 23

Mean 170 76 3 1 1 1 05 012

Imtlalmoculum 23 x 106{g of SOIl Not slgmficant

In the present study, the populatIOn level was more at 60 per cent mOisture
'level and thiS higher population load was mamtamed up to 40 days ThiS findmg
IS III agreement with the report by Roughley (1968) The mtroduced rhlzobla_
tolerate a htgher mOIsture level l e , 40-60 per cent and the most favourable
mOisture level depends on the SOIl type The populatIon level vaned wIth the
range of mOIsture level At extreme levels of mOIsture condItions l e , 20 per
cent and 100 per cent the rhizobial populatIon was low ThIS observation
supports the report of Vandecaveye (1927) and HeJdlO and Neuton (194S) that
counts of bacterIa In sOIl are closely related to the mOIsture level

The mfluence of temperature on the survIval of rhIzobia was studIed by
Vandecavayc (1927) and Date (1959) In thIS study the optImum temperature
for the multlphcatlOn was found to be 30°C, however thIS was statistIcally nol
slg01ficant
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Effect of MOIsture Stress and Inoculum Placement on
NodulatIOn, YIeld and Protem Content of Soybean
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ABSTRACT

A greenhous~ !>tudy wIth soybean var BC-574 grown m a black clay sOli exhlbltedt
slgmficant effect of mOlslure stress and lDoculum placement on nodulatIOn, YIeld and
proteID Number of nodules, gram YIeld and seed protem was sIgnificantly hIgher
under 80 per cent of field capacIty as compared to 60 per cent and 40 per cent of field
capacIty SImIlarly the number of nodules, graul YIeld and seed protem recovery were
slgmficantly hIgher at 50 mm moculum depth as compared to 100 and 200 mm moculuffi>
depths MaXimum dry matter YIeld and total plant protem recovery were obtamed at
80 per cent of field capacIty and 50 mm moculum depth The highest gram YIeld
14 15 g{plant was obtamed WIth SOli mOisture at 80 per cent field capacIty and InO­

culum placed at 50 mm below the soIl surface

INTRODUCTlO1'.

SOIL mOisture IS known to have a great mfluence on symbIOtIc N fixat1oD~

MOIsture stress In the root zone causes conSIderable reductIOn In N fixatlOD_
Water stress can senousry reduce nItrogen fixatIOn by depreSSing the activIty of
eXIsting nodules and bv redUCIng nodulatIOn (Engln and Sprent, 1973, Sprent,­
1976, Weber, 1966) Increased rItes of mOIsture evaporatIOn at the SOIl surface

mduce almost a condlllon of deSIccatIOn 1D upper portIons of SOlI whde a good
level of mOIsture stilI may be present In lower depths Under normal cultural
pracl1ces the development of nodules m soybean occurs On roots close to sod
surface and thIS IS the layer of 5011 thJt IS subject to the greatest fluctuatIOn tn

mOIsture The establlshment of an effective symbIOtic N fiXIng system deeper tn,

the s01l could minim I 'e these envIronmental fluctuations and permit greater N
fixation by the nodules

RelatIvely high soli mOIsture (75 per cent or more of field capacity) 15
necessary to ensure tntens\ve ITlUltlplJca tlOn of the baclel Ja and d hIgh degree of
nodulatIOn (Masefield, 1961, Mackee, 1961) Sad water stress affects the growth
of young nodules and also dry matter productIon III soybean Barnett and
Naylor (1966) ob5el \-ed IllhlbltlOn of proteID synthesIs and decreased levels of
protelO In bermuda gr,lss growing under water stres~
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The purpose of the study was to determine whether nodule position cOl,lI~

be controlled by inoculum placement. Further the study was also aimed to
determine the optimum level of moisture for an effective N fixation, yield and
protein content of soybean.

MATERIAL AND METHODS

The experiment was conducted in greenhouse with soybean var. EC-574,
,grown in 250 mm dia. and 350 mm high plastic pots to hold 12 kg soil. SoiJ
used. was black clay soil with pH 8.5, CaCOg 10.5 per cent clay, 69.14 per cen,t
CEC 54.53 m.e./IOOg of soil and water holding capacity 65 per cc;:nt. Soil was
mixed with ammonium sulphate and super phosphate to supply correspondin~

amounts of 15 kg N: and 60 kg P20s/ha, respectively. Twenty treatment
combinations comprising of four moisture levels (field capacity, SOper cent of

'field capacity, 60 per cent of field capacity and' 40 per cent of field capacit,Y'

designated as M l , M g , Mil and M 4 , respectively) and five levels of inocultpn
placement (0, 25, 50, 100 and 200 mm below soil surface designated II, 12• ~g

I, and Is, respectively) were tested. The treatments were replicated fOUf
times.

Sufficient inoculum (50 ml) was added as a liquid suspension of Rhizobium
japonicum containing approximately 1010 cells/m!. The pot was filled with soil
to tbe desired level, activated carbon was sprinkled at that depth and inoculum

was then dispensed into the surface imd 'was covered with the' soil. Five seedS.

TABLE I

Effect of moisture regimes and inoculum placement on nodulation, grain yield, dry matter,
seed prottin and total plant proteins in soybean

No. of Grain Dry matter Seed protein Total plant
Treatments nodules/ yield yield yIeld protein

plant (g/plant) (g/plant) (g/plant) (g/plant)

Moisture levels

Field capacity 339.7 13.15 16.62 4.88 5.110
80 per cent field capacity 348.4 13.11 16.46 4.91 5.83
60 per cent field capacity 117.7 6.73 11.27 2.19 2.72
40 per cent field capacity 27.4 3.90 10.86 1.2$ 1.75
S.Em. ± 3.23 0.1316 0.140 0.0516 0.0879
CD at 5 per cent 9.56 0.3895 0.414 0.1527 0.2601

Inoculum placement mm below soil surface
'0 219.3 9.48 14.37 3.41 4.17

25 221.2 9.39 14.46 3.40 4.17
50 231.0 9.86 14.91 3.62 4.43

100 190.0 8.73 12.69 3.09 3.73
200 179.8 .8.65 12.5,6 .3.01 3.63
S.Em. ± 3.61 .0.147 0.157 .0.0577 0.0983

CD at 5 per cent 10.68 0.435 0.465 0.1703 0.2909
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were placed In each pot at a depth10f 15 mm After emergence, three seedlings
were mdlntamed per pot Nodule 'count was taken depthwlse at the time of pod
fOlmatlO11 Nitrogen of seed dnd dry matter was determmed bv a mIcro­
kJeldahl procedure (Jackson, 1967)

RESULTS AND DISCU~SION

The results (Table J) exhibited c;lgnIficdnt effect of mOisture and Inoculum
depth on nodulatIOn, Yield and protem content of <;oybean Twelve fold
nodule count wa~ observed at mOlstul e level of 80 per cent field capacity as
against nOGUlatlon dt 40 per cent field capacity mOisture level SImilarly Ingher
nodule count (221 nodulec;jplant) \\.lS observed at 50 mm Illoculum depth whereas
179 nodules/plant were recorded at 200 mm lDoculum depth Less oxygen supply
to the nodules may be re~ponslble for the observed reduction In nodulatIOn at
lower depths (Bergerson and Goodchtld, 1973) Inoculum depth and mOisture
levels governed the nodulatIOn and thIS IS In conformIty wIth the observation
made by Wilson (1975) Water stress Jlffected the growth of young nodules and
also formatIOn of further nodu[e~ (Sprent, 1976)

Gram yIeld and dry matter yield of soybean were conSiderably lower when
mOisture was hmltmg than at optlmum mOisture level MOIsture levels at field
~apdclty and 80 per cent of field capacity did not affect the gram yield and dry
matter productIOn, whereds mOisture at 60 per cent of field capacity reduced

TABLh

Effect oj mOisture alld IIIOCIIIIII1I depth IIIteraCl101I 01/ nodulatIon,

Field Capaclt) (Mil 80% FIeld Capacity (M2)
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,-.. ......
'" ...... c cr .-.. <::;., .-.. CIS '"

,-.. co
C I::C -;i C. ::l I:: CO 0.

"0 ... co -'" c:~
'c:l ... CIS -C<l ----C 'c:l

"§- ... - "'- "t:l
]-. "'- "'- ClQlJ

0 :::.E:: -0. C<l'-" 0 _0- -0- C<l~

OJ <::;
0 __

a.c <::; ~e4
0 ___

c.cE ""c 0:"" "'eJ) .... - ... ""...
E~

0.,-" ..... <::;
E~ 0.'-"0_ <::; '" -ijj 0_ ClO:

-0"0 -ii
0: <::; 0;0. »:2 -0"0 CIS_ C (;0. >,~ CIS~

'" ",- -0 ..,- -0

~
0'" ...-- -0.> 'lI~ 0 ... 0'" ... -- ... '" ..,!:! 0 ...Zo. Cl~ C~ VJ;>, !-o. Zo. O,s O~ CIl;>, !-o.

Inoculum depth (mm)

o (II) 3585 134J 17 13 496 591 3610 13 50 1690 506 602
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100 (14) 313 5 1272 154::> 463 547 3185 1230 1478 447 530
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the gram yIeld to one half of the yleld obsel ved at field capacIty 16 46 gj pI ant
v.as the dry matter yIeld obtamed at 80 per cent of held capaCIty, whIle It was
only 1086 g/pl,mt when mOIsture was malUtamed at 40 per cent of field capaCIty
Satyanarayana and Ghddyal (1970) have also reported beneficIal effect of
mOIsture levels on yIeld of nee crop It IS also eVIdent from the data that
inoculatIOn depth strongly mfluenced the gr,llu YIeld and dry matter productlOn.
HIghest grain yIeld (9 86 gjplant) and 1491 g dry matter were obtaIned when
Inoculum wa<; placed at 50 mm below the sorl surface (Table 1) There was.
conSIderable reductIOn m gram yIeld and dry matter productIon when Inoculum
was placed at 100 and 200 mm below the soIl surface

MOIsture levels and moculum depth also mfluenced SIgnIficantly the seed
protem and total plant protem Restncled sOlI mOI<;ture decreased the seed
protem and total plant proteIn MaxImum seed protem (491 g/plant) and total
plant protem (583 g/plant) were obser ved under 80 per cent of field capaCIty
ConSIderable low seed protem (1 25 g(plant) was recovered at 40 per cent of
field capaCIty SImIlarly maXImum of (3 62 g(pJant) seed protem and total plant
protem (443 g/plant) were recorded m the treatments where Inoculum depth
was 50 mm The seed protem and total plant protem were found reduced when
moculum was placed 100 and 200 mm below the SOlI surface

Effect of mOisture-inoculum mteractlOn was SIgnificant on nodulatIOn,
gram yIeld and seed protem (Table II) Accordmgly, the !hIghest nodulatIOn

II
gram Yield, dry matter, seed protem and total plant protem m soybean

60% FIeld CapacIty (M3) 40% FIeld CapacIty (M4)
------------------- ----------------,....,-- i:: -- C'" ,...., '"u ,...., Ol ,....,
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1020 628 10 35 209 255 260 3 63 1020 I 18 I 61
88 5 623 10 25 197 242 180 353 928 I 13 152
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(384 nodules/plant), graIn yIeld (14 15 g/plant) and ~eed protem (547 g/plant)
were obtaIned when lDoculum was placed at 50 mm depth and so\1 mOIsture
matntamed at 80 per cent of field capacIty Sod mOIsture at field capacIty and
moeulum depth of 200 mm greatly affected nodulatIOn III soybean Increasmg
mOIsture levels IUcreased nodulatIon, gram YIeld and seed protem content
IrrespectIve of moculum depth Further mcrease 10 IDoculum depth decreased
the nodulatIon, gram ~ Ield and seed protem 366 5 nodules/plant 10 soybean
was the nodule count when moculurn depth was adjusted at 50 mm below the
surface In a sOIl mamtalDed at 80 per cent of field capacIty The nodule count
was found reduced to 128 nodules/plant at mOIsture level of 60 p~r cent field
capacity The nodule count further dropped to 88 by lowenng the Inoculum
depth to 200 mm
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ReView on Rhzzoblum InoculatIOn of Prmclpal Legumes In

Karnataka
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Depaltment of Agricultural MIcrobIOlogy, VAS, Bangalore 560065

RHIZOBIAL moculatIOn of gram and forage legume IS a well estabhshed practlce
m most pulse growmg areas of the world namely, Europe, Australia, New
Zealand and USA In IndIa, Karnatak'l IS one 01 the Important legume
.,growmg States Out of a total area of 10 5 mIllIon hectares of land under
cultivatIOn In Karnataka I 28 milhon hectares ha~ been reported to be under
pulse cultivatIon and 0 8 milhon hectares under groundnut cultivation A
project was formulated at the Department of AgrIcultural MIcrobIOlogy, VAS,
Bangalore dUring the year 1972 for a duratIOll of five yelrs, to obtam effiCIent
straIns of rhIzobia for different pulse and to popularIse the use of these among
the farmers m the State Some of the results obtamed durmg the last five years
have been hIghlighted here

Dunng the milIaI stages, tour were undertaken to the major legume
growmg areas VIZ, Dharwad, Ralchur, Ballhongal, Annlgen, Doddabdllapur,
Kolar, Kodigehalh, Gulbdrga, Gadag. Nelamangala, Bidar and Belgaum
Healthy and pInk nodules were collected from standmg crops of different
legumes and a total of 238 Isolates of Rhizobium were obt.u ned These were
subjected to varIOUS laboratory tests and 143 Isolates turned out to be true
rh!zobla on the baSIS host legume These Isolates were tested tor their effiCIency
10 pot culture tnals Cultures of proven effiCiency on the baSIS of pot culture
studIes were used m field tnals to test their performance In vanous SOlIs and
under dIfferent agro-chmatlc conditIOns

In all the field tnals, the expenmental deSIgn used W.1S randomized block
-design With three replIcations 10 each treatment Basal dreSSIng consisted of 40 kg
P20S + 20 kg K 20 per ha FertIhzer mtrogen was I applIed only In N-Control
plots at the rate of 25 kg N per ha Seeds were treated With hgmte basl'd
<:ulture of rhIzobIa before sowmg When the crop was SIX to eIght weeks old,
observatIOns On the number and dry weIght of nodules per plant, dry weIght of
plant tops and finally the gram yields were recorded The results of the field
tnals are furmshed below

Grormdnut (ArachIS hypogaea) All the 22 effiCient strams obtamed from
pot culture trial were tested at Bangll'lore. Dharwad and Bljapur IOltJally
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Isolate 0-28 (VAS B-94) proved effectIve dunng tIm tnal, and Its efficiency
was tested for two consecutive years at BungalorC', Dharwad, Ralchur, BI]apur
and Bldar Durmg the thIrd year trIal eight exotic strams were also tested, of
which CB-0512, CB-530 and CB-66l performed well at one 01 more test locatIons
(1 able 1) The field tt 131s showed that rhlzoblal moculatlOn mcreased the yIeld

TABLE I

Effect ofrhlzoblQ[ moculatlOlI Oil the YIeld of groundllllt (q/ha)

Treatment Bangalore Bldar BIJapur Dharwad Ralchur

Control 16 19 2152 1 78 31 30 261
N-Control 1574 1944 253 3067 229
UASB-94 1828 2036 336 25 19 208
CB-512 1782 2036 417 3686 2 18
CB-661 1574 2268 438 2981 277

Per cent Increase due to

RhIzobIum 43 '2 to 185 to 42 to 61

129 75 2275 177
Per cent Increase

duetoN
application 421
EconomIcs of results

Treatment Profit/ha (Rs + or -)

With RhIzobIum + 48497
With lertllzer mtrogen -l 4950

from 3 2 to 227 5 PCI cent at five placl:s wherea~, Illtrogen applIcatIOn Increased
the YIeld by 42 1 per ce'lt at one place only The economIcs of results clearly
Indicated that pr.Jfit obtained due to rhlzoblal mocultlOn was about ten times
higher as compared to nitrogenous fertllIzel apphcatlOn

Blackgram (VIgna mungo) F,eld tllals wIth the above 22 strams were
conducted at Bangalore, Dharwad and BI]apur Cultures UASB-120 (B-29),
and UASB-0125 (B-73) recorded S9 4 per cent and 51 3 per cent lllcrease In yIeld'
respectIVely over unt noculated control Further tnals were conducted_ at
Bangalore, Dharwad, R,lIchur, BIJapuT, Anmgen and Bldar to confirm the­
performance of the two Isolate as well a, that of some exohc ~trams over
umnoculated control VASB-J 25 p'roved better Of the two Dative Isolates In a
number of places and CB-512 and CB-530 gd\;e hIghest yIelds among the exotic
straills (Table 11) Seed lI1oculatlon wIth Rhlzobzum gave YIeld In~reases rangmg
from 0 4 to 33 0 per cent 15 per cent with fertJ1Jzer Oltrogen oVer uDlnoculated
control, Economlc& of results showed tha~ there was benefit by rhlzobtaL
moc~latlon as.compared to fertIlIzer mtrogen applJcatlOn
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TABL"C If

EjJect of rlllzoblal IIIOCI/IotlOlI on the Yleld10f blacl-Kram (q/ha)

Treatment Annlgen Bldar Bangalore BIJapur Dharwad Ralchur

Control 572 636 I 89 612 1565 705
N-Control 489 490 591 586 1490 8 11
UASB-125 546 531 6 14 789 1292 790
CB-512 546 556 387 500 1378 881
CR-530 685 590 684 391 1600 747
CB-627 548 671 487 487 1539 779

0,{, Increase due to
RhlZobl/l1ll 0 4-33 0
%Increase due to
N appltcatlon
Economics of results

Treatment

With RhIzobIUm
With fertilIzer m trogen

I 1-55 289 22 75-249

150

Profi,/ha (Rs ±)
+ 26497
+ 111 )0

Redg/am (CaJanus caJan) Mltroplot trtals revealed that 22 lsolf'tes could
nodul,lte redgl am efficlentl) These were test('d for thell performance
under held conditions at Bangdlore, Dharwad. Ralchur dnd Bljapur
Results of the multtlocatlOnal field trIals showed that' no Single culture was
unlformlv effective at all the places However, nine strdInS VIZ UAS B-IlI,
120. 104, lOtS, 101, 118, 96 dnd 105 dppeared promlsmg For confirmmg the
performance of the~e strains, tflals welc conducted at Bangalore, Dharwdd,
Ralchur BIJdPlll and Ballhongal Performance ot some e"{otlt. stram~ was also
iested Results mdlcated that four native J~olates VJZ , VAS B-Ill, UAS B-l1~,

VASB-104 al1d UAS B-IOI and three exotIc strdlns VIZ, CB-661, CB-I057 and
CB-2832 performed \\ell at most <.entres (T.lble TIll Incre lse In yield aue to
RIl/zoblUm lnoculd.tlOn ranged from I 2 to 1623 pel cent (at SIX place:» whereas,
With I1ltrogen fertI),zcl ~pphcatlon, It W<h 23 to 743 per cent (at four pldCe&)
-over unmocu1ated control The eCO,lomiCS 01 the Jesuits indIcated that seed
moculatlon With Rhl:::oblum w"s beltel than nItrogen fertilizer appltlatlon

Greengwl1I (v 19r a radJata) First yeal field tfl,l1~ With 22 plOven Isoldtes
conducted at Bdni:,a!c,re. Dharwad, Rdlchur and BlJilpur showed that strams
VAS B-113, 106. 107 95, 96 d.nd 105 wele effectIVe S~c0nd yedf field tnals
were conducted at Bangalore, DharwN Anmgere Bl]apur, Bldar and Ralchur,
to conhrm the perform,mce of the above-said strams d.S well a~ that of some
exotic stram'i Three out of the ~even local Isolates VTZ, VAS B-95, VAS B-96
and VAS B~107, and three out of the four exotIc str<\lI1S CB-661, CB-756 and
CB-53D were found to perform wd1 at most place (Table IV) The InClease In
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TABLE HI

Effect of r/uzoblul inoculatIon on the yIeld of redgram (q/ha)

Treatment Bldar BIJapur Ballhongal Dharwad Ralchur

Control 1648 897 13 62 273 765
N-Control 1500 1082 1420 476 555
UASB-IOI 1796 1245 1782 565 1235
UASB-III 1648 1448 2083 716 399
CB- 661 1574 1373 2053 542 889
CB -1057 1537 1501 2232 376 1000
CB-2832 1500 13 14 2036 645 667

%Increase due to
Rh,zobrnm 12-89 94 - 673 42-686 377-1623 6 1-83 3
%Increase due to
N application 206 42 743

EconomIcs of results

Treatment Profit/ha (Rs ±)
WIth RhizobIum + 45657
WIth fertIlizer nitrogen + 13230

TABLE IV
Effect of rluzobral moculatlon on the yIeld of grungram (q/ha)

Treatment Annlgen Bangalore Bljapur Ralchur Bldar Dharwad

Control 403 550 513 561 796 861
N -Control 406 294 440 683 738 857
UASB -95 412 663 516 724 (i 94 11 29
UASB - 96 424 1203 451 694 791 1010
UASB -107 483 5 69 396 795 678 89:>
CB - 530 428 631 473 747 667 1051
CB - 661 456 5 31 485 635 8 14 639
CB -756 435 640 3 5~ 673 706 968

%Increase due to
Rhlzob/~m 1 7-198
%Increase due to
N applicatIOn I 5
Economic ofresulls

35-1187 6-1 6 122-41 7

217

22-81 37-31 1

Treatment

With RhizobIum
With fertilIzer N

Profit/ha (Rs ±)
+ 35537
- 9340

Yield ranged from 06 to 118 7 per cent due to rhlzoblalmoculatlon at SIX places.
whIle with nitrogen ferttltzer the Increar,e In yIeld ranged from 1 5 to 21 7 per
cent at two places From the economics 01 results, it was clear that rhizobial
moculation was profitable as compared to ferllhzer mtrogen apphcatlon.
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Bengalgram (Clcer anetmum) T\\ enty-elght strams which proved

promI~Illg under pot culture tnals were tested for their efficIency under fleld
condItIOns at Dharwad, Ralchur and BIJapur There was mcreased yIelds rang­
mg from 04 to 234 per cent at Dharwad, 07 to 32 4 per cent at Ralchur and
07 to 37 3 pel cent at BIJapur as a result of moculatron wIth dIfferent strarns of
RhIzobIUm ThIS multrlocatlonal field trral revealed that Isolates UAS B-3,
UASB-55 UASB~57, UASB-67 and UASB-71 were efficIent Second year
field trial at Ralchur showed that V ASB- '>9 and VAS B-13 were the best
followed by UASB-66, UASB-67, UASB-60 and UASB-18 The economICS
of the results showed that rlllzobzalmoculation was profitable

DemonstratIOn tflals on cultIvators' fIelds These tnals were conduded
In collaboration wIth the Karnataka State Department of AgrIculture and the
Directorate of ExtenSIOn, VAS, Bangalore, dunng khanf 1975 The object of
these tnals was (a) to know the performance of selected rhIzobIa on Imporlant
pulse crops m different soIls and agro-cllmdtlc zones of the State, (b) to bnng
out the Importance of RllIzob,um InoculatIon for obtalDlUg higher yields of
pulses and groundnut to the extensIOn staff and farmers of major pulse growing
areas ot Karnataka

TABLE V
Effect of rlllzoblal moculatlon on the yIeld of bengalgram (q/ha)

Treatment

UASB-3
UASB-55
UASB-57
UASB-67
UASB-71

%Increase due to
RhIzobIUm
EconomIcs of results

Treatment

With RhIzobIUm

BIJapur

916
1001
10 96
1005
8 18
798

Ralchur Dharwad

981 1227
1142 956
997 918
895 1067
833 998
981 994

Profit Rs/ha (+ or-)

+ 28997

Conducted by Karnataka State Department of Agflculture

Avare (FIeld Bean) (Dlhchos lab lab) A demonstratIOn tnal was conduc­
ted at Mysore There were ten treatments, whIch Included eIght cultures, one
nItrogen control (25 kg Njha) and one umlloLUlated (.,ontrol There was sIgnIficant
mcrease In bean YIeld rangmg from 52 0 to 742 per cent as a result ot Inoculation
WIth dIfferent rhlzoblal cultures compared to unmoculted control (Table VI).
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TABLE VI

Effect of rhlzobla/ moczdatlon of avare (Mysore)

Treatment

Control
N- Control
CB- 512
CB-627
CB- 661
CB-756
CB- 1057
CB-2832
Composite
VAS ComposIte

Economics of the results

Treatment

With Rhzzabl/lm
With ferttlJZer mtrogen

YIeld (q/ha)

625
925

1089
1063
972

1019
10 89
950

1041
972

%IDcrease over
umnoculated control

483
742
700
555
630
742
520
666
555

Profi t/ha (Rs ±)
+ 677 47
+ 34250

However, Dltrogen fertlhzer apphcatlOn IDcreased the bean yIeld by 48 3 per cent
The results mdlcated that a substantIal mcrease 10 bean yield could be obtamed
by seed treatment WIth an effiCient culture of RhizobIUm as compared to fertlhzer
mtrogen applicatIOn Economlcs of results are presented 10 the table

Redgram (CaJanus cajan), The tnal was conducted at four places, VIZ,

Bldar, Mysore, Gulbarga dnd Bljapur Here agam, the tnal mcluded 10 treat­
ments whIch mcluded eIght cultures, one mtrogen control (25 kg N/ha) and one
umnoculated control There were Significant differences III nodule number and plant
weIght In Rhizobium Inoculated treatments as compared to unmoculated control
InMysore and Gulbarga, the Increase the gram yIeld was 24 9 and 7 5 per cent
respectIvely The mcrease due to the rhlzoblal moculatlOn ranged from 71,8 to
142 2 per cent at Mysore and from 7 5 to 34 9 per cent at Gulbarga, compared
to unmaculated control The data clearly showed that rhlzobIaI woculatlon
gave profitable yield as compared to nitrogen fertllJzer applIcatIOn (Table VII)

Groundnut (ArachiS hypogaea) The tnal wa~ conducted at SIX places
VIZ, Ralchur, Dharwad, Jamkhandl, Bagalkot, Jewargl and Cbmchoh. The
treatments mcluded eight cultures, one nitrogen fertIlizer applIcation (25 kg
Njha) and one unmoculated control Ther,e was an !Derease 10 Yield rangmg
from 40 to 20 0 per cent at Jamkhandl lito 14 3 per cent at Bagalkot, 11 4 to
50.0 per cent m Jewargl, 38 7 to 69 9 per cent at Dharwad and 16 6 to 58 3 per
cent at Ralchur due to RhIzobIUm Inocul<ltlon as compared to unmoculated
control Though applicatIon of fertlhzer nttrogen gave more yIeld as compared
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to Rhlzobzum moculatlon. It may be noted that this Increase was noted only at two
out of five places (Table VIII) Conducted by U AS, DIrectorate of ExtensiOn.

TABLE VTI

Effect of rhlzobwl mocula/lOn oj the YIeld of redgram

Treatment

Control
N-Control
UASB-96
UASB-IOI
UASB-I04
UASB-I05
UASB-I06
UASB-lII
UASB-I18
Composite

%Increase due to RhIzobIum
%Increase due to N applicatIon

EconomIcs of rellllts

Treatment

With RhIzobIum

With nJtrogen fertIhzer

Mysore

450
562
813

10 90
847
773
991

10 11
834
850

2488-1422
2488

Profit!ha (Rs ±)
+51777

+ 1710

Chmchoh

11 12
II 95
1390
1500
1334
11 95
10 00
1500
1445
1000

74-349
74

Groundnut (ArachIs hypogaea) The tnal was conducted on fiv$
farmers' fields USlOg composIte cultures only The results revealed that there
was an mcrease In yIeld rang10g from 1I 03 to 20 50 per cent over umnocu!ated
control An mcrease lO net profit ranged from Rs 3800 to Rs 15700 per acre
compared to unmoculated control and nItrogen fertilizer applIcatIOn

Bengalgram (CIcer anet1Oum) These demonstratIOn tnals were
conducted at 10 taluks usmg composIte cultures supplIed by the Umverslty of
AgrIcultural SCIences YIeld of Bengalgram Increased from 1 55 to 76 66 per
cent because of rhlzobialmoculatlon

Blackgram (Vigna mungo) These tnals were conducted at five taluks
of Belgaum dlstnct VIZ, Atham, Chlkkodl, Ralbag, Hukken and Ba/lhongal
Increase 10 yIelds due to rhlzoblal InOCulatIOn ranged from 6 51 to 83 97 per
cent over uninoculated control

Horsegram (Phaseolus vulgarIs) The tnal was laid out at seven taluks
of Belgaum dIstrIct The results showed that rhIzobIa! moculatIOn Increased
the ylelds from 3 31 to 49 65 per cent over unliloculated control
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In conclUSlO'l It can be said that maJorrty of the farmer m Karnataka have

become aware of tbe usefulness of rhlzobIal lI1oculatlOn on crop Yleld~ ThIs can
be notIced from the IDCredSe In demand for cultures at the time of termrnatIOn
of the scheme ,\S compared to the dem,md dunng the mltm) stages Table VIn
shows the lficreaSe supplJes of lnoculants over the years It may be noted that
<lnly a small portion of the total demand could be met by the Department

TABLE VIII

Effect 0/ Rluzobtal moculatlOlI on the Yield 0/ grollndnut

Treatment Bagalkot

Control 1967
N-Control 1875
UASB-94 1989
CB-512 21 79
CB-530 21 53
CB-627 21 53
CB-756 2244
CB-1057 2036
Composite 2013
VAS Composite 2036

% mcrease due to RhizobIUm 1 I to 13 8
% mcrease due to N applicatiOn

Economics o/resulrs

Treatment Profit/ha (Rs +)

With Rhizobium +43297
With mtrogen fertJhzel +67750

Dharwad

10 27
17 50
17 45
1686
1546
1425
1633
1666
1703
15 55

386 to 704
704

EffiCIent and pro\lcn strams fDr most of the pulses VIZ, groundnut, blackgram,
geeengram, red gram and bengalgram have been l'iolated From the reports
obtained from farmers, It has been notIced that the multlstratn IDoculant
contallllllg SIX proven Isolales, UASB-94, DASB-lOl, UASB-120, UASB-125.
CB-530 and CB-I024 performed ~ell at most places on many pulse crops In
case of Bengalgram an UAS composite of 3 proven Isolates, UASB-67, B D
and Revadm IS beJOg used

NOTE Strams CB are from C SIR 0 DIVISion of Tropical Agronomy, Bflsbane
Strains B D (Bcldagan) and Revadm are from Israel
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A RevIew of Reseal ch on Soybea11 MIcrobIOlogy In

Km nataka

1\1 V SIIANTARAM AND R B PATH *
Umverslty of Agricultural SCIences, G K V K Campus, Banga!ore-560 065

THERL has been an I11Creaslllg emphasIs III our country towards the problems of
solving protem-calorie malnutrItIOn In human diets The tradItIonal milk and
meat protems and other pulse protems bemg exp~nslve and out of redch of the
poor and mIddle class strata of Indtan SocIety, soybean may serve well as a
valuable source of protem m Indian dIets Nut! Itlve value of soybean protem
conforms very well wIth FAO standards for dietary protelm In addItIOn
soybean bemg nch m oil content, edible oJ! of hIgh nulTltlVe value IS bemg
extracted and used for human consumptIOn In the state of Karnataka, cultIVa­
tIOn of Improved varIetIes of soybean was first mtroduced about decade ago
(Knshnamurthy and ShlVashankar 1975) Dunng the early peT/od of Il1troduc.
tton of the crop It was found that the yIeld of gram was suboptimal and thiS
was presumed to be due to the absence of soybean-specific rhizobia III ~everal

soIl types of the State To overcome thiS difficulty studIes Qn IsolatIOn, testmg
and selectIOn of effiCIent strams of rhIzobIa for use as Inoculants to soybean
were undertaken The result~ of the,c studIes (Katll et at , 1970) IndIcated that
the nodulatIOn and yIeld of soybean can be slglllficantly Improved by seed
inoculatIOn with soybean-specIfic rhlzobl.] The results of a t\\o-year field trIal
md}cate that among the three rhlzoblal cultures used namely, £-67 and E-88
obtamed flom JNKVV, Jubbulpore and VAS composIte from thIS J..lboratory,
the latter wa~ more effectIve In nodulatmg and mcreasmg the yield of soybean
Another noteworthy findmg from these studIes was that phosphate applIcatIOn
to sad wIth seed moculatlon of rhIzobia proved better III Illcreasmg the yIeld of
soybean lCltti et at (1970) further conducted crop rotatIon tTlals to ascertam
whether wheat or ragt (finger millet) could be grown after c;oybean wIthout
addItIOnal fertIlIzers These results mdlcated that the gram Yield of both rag!
and wheat Illcreased conSIderably m treatments where soybean moculated wIth
RhIzobIUm and raIsed wIth phosphate applIcatIOn was the prevIOus crop m the
rotatIOn

Further studIes on the efficacy of some commerCIal and InstitutIOnal
IDoculants on nodulatIOn and YIeld of soybean by PatI1 et al (1972) mdlcated
that durmg khan! 1971, out of the seven rhizobial Illoculants used, seed

• MICIOblOloglst, AICRP on Soybean and Professor and Head, Department of
Agncultural MIcrobIOlogy. respectively
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moculatlOn with JARI and 'NITRAGIN' cultures signIficantly mcreased the
nodulatwn In plants Even though bean Yields mcreased by 24 5 per cent and
26 0 per cent With the two cultures respectively the results were not statistically
significant In the succeeding rabl season the residual effect of soybean cultiva­
tIOn on the succeedmg crop of wheat (variety Kalyan 227) was tested With
wheat grown after soybean the gram yield Increased 10 plots wherem soybean
moculated With IART culture was grown as the precedmg crop m the rotatlOn­
The extent of yield Increase was 27 0 per cent as compared to control where no
crop was grown preVIOusly These studieS were conducted m a red sandy loam
sod (Rhodustalf) of pH 6 8 With an apphcatlon of 60 kg P 2 0 5/ha and 40 kg
K 20/ha to soybean crop only

Under the All India Coordmated Research Project on Soybean, smgle
strains as well as multI stram cultures of rhizobia were used as lOoculants for
soybean to test their effiCiency In these studies the prehmmary work on Isola­
tion and field testmg of rhIzobia were undertaken by Patd et af (1972) They
Isolated 14 strams of rhizobia from soybean plants grown m some SOlI types ot
Karnataka and screened them for their punty Only SIX strams were tdentIfied
With genes RhIzobIum A mIxed culture of the SIX strams was used as seed
Inoculum for studyIng nodulatIon m soybean culttvar-Davls First, second and
thIrd plant passage tsolates were obtamed from nodulated plants In all seven
straws of Rhlzobmm rcpresentIDg all the three plant passages were Isolated
All these dppeared to belong to the 'Cowpea' group rather than R!llzob,um
japonrwm whereas the other two strainS used, for comparIson, namely E-67
and E-88 obtained from J N K V V , Jubbatpure, conformed to the characterIs­
ttCS of R Japomcum In a multilocatton tna! conducted at SIX different locatiOns
the nodulatmg effiCIency was tested by recordmg nodule number and plant
welght The results presented on Table I mdlcate that the thud plant passage
Isolates proved to be better m nodulatmg the soybean plants which suggested
the posslblhty of lDcreasmg nodulatmg effiCiency of rhlzoba by repeated plant
passage The data also mdICato that five out of SlX SOlIs lacked nattve rhlzobla
which could nodulate soybean and In only one locatIOn Slrsl, nodulatIOn In

umnoculated control was recorded

The perf01 mance of various composIte cultures of RhIzobIUm speCIfic for
soybean was field tested dunng the past four years Kumar Rao (1974) reported
that among the seven con{poslte cultures tested IARI-2, G B P U A T (Pantnagar)
and U A S Bangalore cultures Increased the bean yield of soybean cultlVar
DaVIS Kumar Rao (1975) further testmg the efficacy of :five composite cultures
1D a red sandy loam 5011 type reported that IART, G B P U A T Pantnagar and
U A S Bangalor~ cultures were more effiCient than unmoculated control or the
lDoculants supplied by J N K V V Jubbalpure or C S Azad Umverslty of,
Agnculture and Technology, Kanpur
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TABLlc I

NodulatIOn and dry mattel yield of soybean moculated with RhIzobIUm lfl

dlLTerent sOil types

Rhlzoblal stram number
Observations

E-67 E-S8 8-5 S-6 S-7 S-8 S-l1 S-12 S-13 Control

SUS! 13 6 3 4 6 3 S 14 14 3
Nodule Mudlgere 13 20 65 10

Mandya 19 30
Number Hebbal 32

Per Ralchur 3 14 4
Plant· Dharwad 26 24

Nodule
SIze

and
Wt
(g)
per plant·

Sirsl
Mudlgere
Mandya
Hebbal
Ralchur

Dharwad

L3 0 MI 5 SO 8 MSI 3 MI 4 SI 4
MO II - SO 03

LOl6

SI 0 LM40 LM46 SI 2
LO 24 S204
LO 36 LSO 63

Ll 07
LO 13 MO 06
L1 80 Ll 55

.. Average of 6 plants
L= Large (Larger than sorghum glams) ,
M::MedlUm (Size of sorghum grams)
S=8mall (Smaller than sorghum grams) ,
M8=MedlUm and Small Patll et al U972)
8-5, 5-6 First plant passage J~olates

8-7, S-8 Second plant passage Isolates
5-11 5-12 Third plant passage Isolates

S-13
E-67, £-88 Obtamed from JNKVV, Jabbalpure

The compltablhty of different ,>trams of RhIzobIa with vanetles of soybean
was lllvestlgated m field tnals III a red sandy loam SOlI of Bangalore by Kumar
Rao (1975) and the expenment was repeated by Shantharam and Patl! (1976)

Both the lllvestlgatlOns revealed the absence of any mteractlOn between the five
{flfferent strams of Rlllzobw used viz UASB Nos 126, 127, 128, 137 and 143
and the four cultlVals of soybean VIZ, DaVIS, Hardee, 33-2 (locally evolved at
U AS, Bangalore) and UPSS-38 CU PAgnI UnlveTSlty, Pantnagdr)

Relallve effiCiency of different strams of Rhizobia on nodulatIOn and yIeld Of
soybean Kumar Rao and Patd (1974) observed that the Salls of Karnataka
are usually defiCient In soybe'ln - specIfic RhIzobIUm and therefore recom­
mended llloculation WIth effic'ent strams of RhIzobia for obtaInIng better
'Soybean yIelds Durmg then field tnals WIth moculants from dlfferent sources

they observed that a few plants WIthout any rlllzobial seed moculatlOn were
healthy and comparable to stand to the pl1nt raIsed from moculated seeds
ThiS led them to Isolate a few stram,> of Rlu70blUm from such nodulated pl,mts
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An Illltial screenIng of the 31 Isolates Yielded ten promlsmg strams wIth better

nodulatIng abIlIty These ten Isolates were further field-tested wIth eIght other

exotIc (obtaIned from USA and Australia) strams Dry matter yIeld data

mdicate that compared to the exotic stram VASB 136 the reidtive effiCIency of
native strams ranged from l 01 66 to 70 54 as agamst 104 53 to 164 05 by exotic

strams The relatIve effiCiency of native stram~ as compared to exotic stram

UASB 140 ranged from 77 0 to 129]7 as agamst the effiCIency of exotic strams

whIch ranged from 760 to 124 25 (Table II) Bean yIeld also mcreased

TABLE II

NodulatIon and growth soybean moculated WIth natIve and Inoculant strainS of
RhizobIUm Japonlcum under field conditIOns

Culture No of nodules Dry Wt of nod- Dry Wt of plant Dry Wt of plant top
No plant ules/plant (mg m) top (mg) m compan- mcompan-

son to son to

2 2 2 UASB-136 UASB-140

VASB
126 J75 762 95 784 063 945 14275 10812
127 15 5 51 0 100 825 070 JO 87 16420 12437
128 127 770 85 828 063 840 12689 9600
129 270 500 68 892 059 779 11768 8900
130 162 808 95 822 072 11 29 17054 12917
131 127 81 0 93 838 078 801 12099 9100
132 152 71 2 88 828 066 698 10543 7900
133 15 5 405 102 608 071 824 12447 9400
134 130 41 7 83 787 058 700 10574 8000
135 197 428 70 610 075 673 10166 77 00
136 118 500 85 640 057 662 10000 7600
137 122 607 85 1007 077 854 12900 9800
138 95 1087 62 698 066 774 11691 8800
139 97 710 50 563 048 863 13035 9900
140 145 700 63 1053 071 R74 13202 10000
141 52 273 38 157 056 712 10755 8100
142 180 962 87 703 050 692 104 00 7900
144 162 655 92 818 082 10 86 J6405 12425

I 3D-day penod of plant growth
2 60-day period of plant growth Kumar Rao and Patll (1974)

SIgnIficantly as a result of moculatlon WIth natIve and exotIc strams of RhIzobIUm.

The relatIve effiCIency of natIve strams as compared to exotIC stram No UASB
136 ranged from 89 to 145 whIle that of the exotIc strams was 93 to 143
Compared to exotIC stram No UASB 140 the relatIve effiCIency of natIve and
exotIc strams ranged from 76 to 12':\ and 79 to 121 respectIVely These results

are presented m Table III In VIew of thIS It may be concluded that some of the

natIve strams of RhIzobIum were as good as exotic strams JD nodulating and
lllcreaSlllg bean yIeld m Soybean The authors suggested that such proven native
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strams should be recommended to replace the exotic strams for moculatIOn for

such native strams may bel endowed with bettcr adaptablhty to )ol,.a) sOlI and

other envIronmental condItIons

TABLE:. III

Bean yleld of soybean Inoclliated wIth natlve and Inoculant strams of
soybean RhIzobium

Culture Yleld/ha m· %Increase ovel
Relal1ve efficiency III comparIson to

Number QUllliais control Siram No UASB 140
UASH 134

UASB
]26 3929 32094 14514 12335
127 2924 21407 10801 9200
128 3029 22534 III 89 9500
129 2820 20290 10417 8800
130 3039 22642 11226 9500
131 3242 24823 li976 101 79
132 3259 25005 12039 10232
133 3051 22771 11270 9600
134 2407 15854 8900 7600
135 3463 27197 12792 10872
136 2707 19076 10000 8500
137 3507 27669 12955 no 10
138 3686 29592 13616 11573
139 2898 21127 10705 9100
140 3185 242 II 11765 10000
141 2661 18582 9800 8300
142 2515 17014 9300 7900
144 3861 31471 14263 12122
Control 931

'" Results slgnaficant at 1%level CD, at 1%level IS 9 315 qfha
Kumar Rao and Patll (1974)

TABLE IV

Effect of /zme pel/etlng the Rhizobium Inoculated seed on nodulatIOn and
growth of soybean

Treatment
No of Dry WI of Dry Wt of Average

nodules per nodules per whole plant yIeld per
plant plant ID mgm m g plant g

%Increase
over

control

T I Unmoculated unpellted
Tz Unllloculated pelleted

With CaC03
T3 Inoculated unpelleted
T4 Inoculated pelleted
CD at 5°~

PBI-I0

0 0 20 1 18

0 0 29 I 35 1441
20 214 29 266 12542
31 401 54 298 15254

199 551 120 0833

Kumar Rao (1973)
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Inoculant establishment In aCIdIc sOIl conditIOns The efficiency of lIme
pelletmg In estabhshment of Inoculated RhIzobIum was tested by Kumar Rao
(1973) In a pot culture tnal uSlDg variety 'DavIs' and UAS-ComposIte-1
culture of R/llzobzum In an aCIdIc sOil of pH 4 0, It was observed that seed
pelletmg wIth lIme dUlmg InoculatIOn lllcreased nodulatIOn. dry matter and
gram yIelds The data presented In Table IV lOdlcate that IDcrease m gram
Yield as a result of moculatIOn was] 25-42 per cent as compared to unmoculated
<:ontrol but It was enhanced to 152 54 per cent when flDoculated seeds were
hme pellted

InteractIOn between moculated RhIzobIum and Azotobacter on nodulatIOn
and YIeld of soybean Kumar Rao and PattI (1976) evaluated the effect of
moculatlOn of Rh,zoblUm and Azotobacter on soybean The data presented 10

Table V mdlcated that the nodulatIOn pattern was not aff~cted to any sIgmficant

TABLE V

Effect ofRhizobIUm and Azotobacter moculatlOn on Soybean

Treatment
No of Ilodu

1es/ pldnt
a b

Dry Wt of
nodules/

plant (mg)
a b

Dry Wt of
plant top

(mg)
a b

Bean Yleld/ha
qUlDtals

Per cent increaSe
1D bean yIeld
over control

Control 23 26 40 520 I 19 231 637
(Umnoculated) (1 26) (1 55) (l 47)
RhIzobIUm only 201 475 1350 8010 1 25 732 2022 2174

(449) (6 81) (11 54)
Azotobacter only 80 134 75 3250 1.27 271 12 14 906

(2 69) (3,63) (2 56)
RhIzobIum + 206 44 I 1480 8380 1 36 6 16 21 11 231 2

Azotobacter (455) (653) (11 78)
CD at 1 per cent 148 259 2792 28197 ' NS 211 682

CD at 5 per cent 486

SE 353

CV 234%

B 60 days
Values III parentheSIS are transformed USIng

v'X 1-0 5 treatments

Plant growth
A 30 days

Kumar Rao & Patll (1976)

extent There was also no slgDlficant difference III dry matter productIon at 60
day penod between RhizobIum treatment alone and RhIzobium wIth Azotobacter
Bean YIeld data showed that Azatobacter seed treatment alone Illcreased the
yield to an extent of 90 6 per cent as compared to unmoculated control The
dIfferences III gram yield wIth RhIzobIum mocuiation alone or Rhlzoblllm wIth
Azotobacter was not signIficant. It was therefore concluded that seed macula­
tIOn of soybean wIth an effiCIent straIn of Rlllzobmm was as good as a mIxed
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100cuUitlOn with Rhlzobzum and Azotobacter and AzotoLacter treatment dId not
contnbute eIther to nodu Jatlon or nItrogen fixatlOn efficIency by RhIzobIUm

However treatment wIth Azotobacter alone seemed to be beneficIal which was
reported to be possIbly to the productIOn of bIOlogically actIve compounds
stimulatory to plant growth

Effect of Agricultural ChemIcals on SymbIOtIc Nitrogen F,xatIOn by
RhlzoblUm In Soybean ThIS aspect of research has not been dealt wIth In

detall with respect to soybean speCIfic rhIzobia The onc report by Reddy and
Kumar Rao (1974) on the effect of certam non-volatile nematlcides on nodula­
tlOn and YIcid of soybean mdicated no apparent deletenous effect on eIther
nodulation or yield of soybean
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Effect of BIO-fel tlhzers on Rice Crop

G OBLISAl'tU* , P SANTHANAKRISHNAN* AND J CHANDRAMOHAN""*

Tamil Nadu Agricultural UDlverslty, COImbatore-3

ABSTRACT

A field tnal on the effect of blO-ferhhzers employmg efficient strains of Azotobacter
chroococcum, Bact/Ius polymyxa and B megaterlUm was conducted on the long duration
group I1ce vanety. VIZ, co 4Q..RaJaraJan, under the conditions prevaIled In

COlmbatore. along with four levels of fertilizer mtrogen The blO-ferhllzers were
compatIble WI th each other and aU the three orgamsms put together performed bettcr
giVing the maximum grain yield of 7 19 tonnes/ha, effecting a saving of fertilizer mtro­
gen to the tune of 30 to 40 per cent

~(CE cultIvatIOn IS be109 , carned out tradItIOnally 10 major portIOn of the
country and III Tamil Nadu It IS grown In an area of 27 lakh hactares, havIng
an annual productIOn of 2 10 tonnes/ha The non-symbIOtIc nItrogen fixation
associated wIth cereal crops IS potentIally most valuable for tropIcal agrIculture
CertaIn straIn~ of Azotobacter adopted to nee sOil ecosystem as well as faculta­
tIvely anaerobiC organIsms lIke BacIllus polymyw were belIeved to play an
Important role III llItrogen fixatIOn under submerged soIl conditions (MIshustm,
1970, Nutman, 1971, Brown, 1974, Dobererner, 1974, RangaswamI, 1975)
InoculatIOn of Azotobacter to the paddy seeds seedlmgs and soIl IS well known
to establIsh under nce soIl condItIOns and bnng about vanous types of beneficIal
effects to the nce crop (Balandreau et al ,1974, Broughton et at , 1976" OblIsaml
et ai, 1976) Vanous varIetIes of lIce crop respond varYIngly to the treatment
of Azotobactel and other nitrogen fixIng organIsms (OblIsamI et ai, 1976,

Broughton et al ,1976) and ~hort duratIOn dnd medIUm duratIOn varIetIes are
performl11g well III assocIatIon wIth Azotobacter whereas not much mformatIOn
1S avaIlable on the perform:lOce of long duratIon group of flce vanetIes The
present paper reports on the performance of the latest rIce varIety from TamIl
Nadu Agncultural UnIver~Ity, CO 40-RaJaraJan, to the treatment of Azotobacter
and other bactenal Illoculants along wIth graded levels of fertIltzer llIrrogen

MATERIAL AND METHODS

The field tnal on the effect of blO-fertlhzers employIng effic1f;nt straInS of
Azotobacter chroococcum and Baed/us polymyxa and BaCillus megatenum on CO

·Department of BIOlogy, Tamil Nadu Agncultural University. COlmbatore-3
·*Department of Agncultural Botany. Presently RegIOnal Research Statton, Kavenpatttnam.

Dharmapun Dt T N
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40 (RaJarajan) a hIgh yIelding long duratiOn nee vaTlety was earned out In the­
Paddy Breeding Station, Tamil Nadu Agricultural UDlverslty, COlmbatore r

dunng the season July, 1976-January, 1977 Peat sOli based Inoculants were
prepared and applIed to the crop foIIowmg the methods reported earher
(Obhsaml et ai, 1976) The blO-fertlhzer treatments were given along wIth
dIfferent combmatlons of fertJllzer Dltrogen m the form of urea The crop was
suppIJed wIth P and K, respectIvely lD the form of superphosphate and mUrIate
of potash as the basal applIcatIon Data on VRnous plant parameters meant
for yield attnbutes as well as gralD yIeld were collected The yIeld data were
put to statIstICal scrutlDy

RESULTS AND DISCUSSION

The results on the effect of blo-fertIlIzers on the f1ce vanety (Rajarajan) are
presented ID Tables I to IV

TABl E I

Effect of bacterial moculants on nce (CO 40-RaJaraJan) In combmatzon wrth
100 per cent of the recommended level of feru!tzer nrtrogen

(FertilIzer mtrogell apphed as 80 +80 kg N/ha)

Height (cm/plant)
------- No of Panicle Gram

Treatment 60th 120th 160tb tillers length Yield
day day day per hi)) (em) kg/ha

A chroococcum 543 959 1527 8 I 227 6845
A chroococcum+B po/ymyr:a 548 996 1197 83 226 6895
A chroococcum+B megaterllllll 526 995 1155 88 222 6565
A chroococcum+B po!yml'xa+ 552 996 1108 85 225 6660

B megatenum
No bacterial moculant (control) 51 1 930 1142 82 221 6595

TABLE II
Effect of bacterial rnoculant~ on nce (CO 40-Ra]aIOJan) In combmatlon wrth

75 per cent of the recommended level of jel tlltzer nrtrogen

(Fel tllzer mtrogen applied as 40 + 80 kg NJha)

Height (em/plant)
No of Pamc1e Gram

Treatment 60lh 120th 160th tillers length Yield
day day day per hill (ern) kg/ha

A chroococcum 48 1 939 1192 76 222 6880

A chroococcum+B jlo!lmrta 452 904 J137 83 223 6460

A chroococcum+B megatenum 474 91 3 1137 75 236 6890

A chroococcum+B po!ymyxa+ 466 946 1233 76 223 6920
B megaterlll/11,

No bactenal inoculant (control) 460 940 1158 8.2 225 6710
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TABLE III

Effect of bactenal moculants on nee (CO 40-Ra)wo]an) m combmallon with
62 5 per cent of the recommended level of fertlltzer nitrogen

(FertIlIzer NItrogen applIed as 20 +80 kg Njha)

Height (em/plant)
No of Pamcle Gram--------

Treatment 60th 120th 160th tIllers length Yield
day day day per hIli (em) kg/ha

A t:hroococcum 492 968 1192 8 6 227 6930

A chroococcum+ Po!ymyxa 449 904 1137 76 228 6795
A chroococcum+megatenum 470 913 1137 75 229 6610
A cI,roococcum+B po!ymyxa+ 483 94.6 1233 83 222 7190

megatenum
No bactenallnculant (control) 488 940 1158 76 22 1 6440

T ABLI: IV

Effect of bactenal moculants on nee (CO 40-Ro]ara]an) In comblllotlOl1 wIth
50 per cent of the recommended level of fertIlizer mtrogen

(FertIlIzer m trogen applIed as 0 + 80 kg Njha)

Height (em/plant)
Gram--~_--- No of Pamcle

Treatment 60th 120th 1601h tdlers length yIeld
day day day per plant (em) kg/ha

A chroococcum 469 93 3 1452 85 225 6960
A chloococcum+B po!ymv;.a 498 924 III 0 75 220 6895
A chroococcum+B magatenllm 483 912 1142 80 227 7150
A dlroococcllm+B po!ymy;.a+ 486 93 8 1159 76 229 6820

B megaterlUm
No bactenal mocu1ant (control) 452 898 110 0 77 228 6541

The plant heIght and number at tillers per hIli at dIfferent age of the crop
exhIbIted slIght vaTlatlOns due to the blO-fertIllzer treatments The pamcle
length did not show any varIatIOn between the treatments The Azotobacter

Inoculant alone was found to give better gram yIeld than the fertIlIzer alone
Azotobacter and B poTymyxa performed better WIth the reduced level of
llItrogenous fertllJzer applIcatIOn A chroococcum and B megaterlum performed
better With 500 percent fertIlIzer mtrogen alone When all the three organIsms
were maculated together, maximum gram yIeld of 7190 kgjha was recorded WIth
the applIcation of 62 5 per cent of fertilIzer mtrogen Azotobacter Inoculant
could brIng out the benefit to the farmers wlth the appltcatlOn of reduced level
of fertIlIzer mtrogen, whIch IS III conformity WIth the earher reports (Obhsaml,
et aT , 1976, Patll et aT ,1976, Shlvappa Shetty et aT ,1976) The performance
of B po!ymvxa In aSSOCiatIOn WIth Azotobacter was encouragmg and probably
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due to Its capablhty to adopt to the nce soli conditIOns (Dobenner, 1974)
Slml1arly the beneficial performance of B megateTium In effectlllg higher graIn
yield of the crop might be due to Its actIvity 10 releasIng the phosphorus for the
benefit of the nce crop However, detailed studies are needed to establIsh the
exact role of B megateTlum In combmatlOn With Azotobacter The compatibilIty
between all the three orgamsms put together IS establIshed In the present study
and thiS might be responsible for gettmg the maximum gram yield These
results are of great slgmficance In the present context of high cost of fertlhzec
nitrogen Thus 250 to 40 0 per cent of fertilIzer filtrogen could be saved by
employmg the blO-fertIhzers In flce crop productIOn Also, the beneficial
performance of the combwed lOoculants III the case of long duratIon nee
vanety IS of great SignIficance because of the probabIlity of anyone of these
orgamsms or all of them might get adjusted to the varying envIronmental factors
and bnng about the benefiCial effects to the rice crop under the field conditIons
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Response of IR 20 RIce Vanety to Azotobacter Inoculant In

Farmer's Holdmg

T S THEBTHARAPPAN, N KAMALAM, P KRISHNAMOORTHY AND G OBLlSAMI

TamIl Nadu Agncultural Umverslty, COlmbatore

ABSTRACT

A field tnal under the condltlons of farmer's holdmg was undertaken to assess the
performance of Azotobacter Illoculant to the IR 20 nce crop A savmg of fertl1lzer
mtrogen to the tune of 18 75 to 750 kg/ha was observed without affectmg the gram
yield The water holdmg capacity and percentage of pore space of the sOils from
Azotobacter treated plots were better over the control Nitrogen balance studies
mdlcated that wilh reduced fertIlIzer mtrogen, the performance of Azotobacter moculant
was better and maXimum quanllty of available mtrogen was recorded 1n such plots

Azotobacter Inoculants are well known to perform better under gardenland s01l
condItIOns and number of crops denved tbe benefit of better growth and even
mcreased yIeld of grams, vegetables, kapas, etc occasIonally (Mlshustln, 1970,
Mehrotra and LehIl, 1971, Rao et af, 1974, Brown, 1974, OblJsarnl et of •

1976, Shlvappa Shetty et af, 1976, Badlglre and Bwdu, 1976) The response
of nce crop to Azotobacter moculatlOn vaned WIth the vanety, SOlI types, pH
and agro-climatIc conditions (OblIsaml et af, 1976, Patll et af, 1976.
RangaraJan and Muthuknshnan, 1976) The performance of Azotobacter

moculant In combmatlon With vary1!Jg levels of fertIlizer mtrogen apphcatlOn
to a popular vaTIety of nce (IR 20) under the condItIOns preval1ed m the
farmer's holdmg IS presented In the present paper

MATERIAL AND METHODS

The field tnal was taken up during October 1975-February 1976, season, 1U

a farmer's holding at Keelanchlkulam, Madural dlstnct, TamIl Nadu Tho
Azotobacter Inoculant treatment was given to IR 20 varIety of rIce as seed
treatment, seedling root dlppmg and soIl applicatIOn as reported by Obllsaml
et af (1976) The followmg treatments were taken up tn the present study

TI - No Azotobacter + 75 kg N basal + 75 kg N top dresslOg (1000 per cent
N alone)-control

T11- Azotobacter + 75 kg N basal + 75 kg N top dress109 (l00 0 per cent N +
Azotobacter)

Ts-Azotobacter + 5625 kg N basal+75 kg N top dresslOg (87 5 per cent
N + Azotobacter)
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T 1- Azotobacter + 37 50 kg N basal + 75 kg N top dressmg (750 per cent

N + Azotobacter)

Ts-Azotobacter -r 1875 kg N bdsal + 75 kg N top dreSSIng (625 per cent
N + Azotobacter)

T 6 - Azotobacter + 0 kg N basal + 75 kg N top dressmg (SO 0 per cent
N +Azotobacter)

I

The phosphorus and potassIUm were apphed at 75 kg/ha each as superphos-
phate and mUrIate of potash, respechvely as the b3sal dose The plot size was
five cents The plant parameters hke plant height, Dumber of productive tillers
per hIll and gram yield were recorded The sOil samples were collected before
and after the field tnal and analysed for the physical characteristics like
maximum water holdlDg capacity and pore space usmg the Kee Raczkowskt
brass cup (Piper, 1950) The available and total nitrogen content of the solis
and the total mtrogen content of the plant samples were estImated followmg the
standard procedures (Piper, 1950, Subblah and ASIJa, 1956)

RESULTS AND DISCUSSION

The results on the effect of Azotobacter Inoculant along with vaned levels
of mtrogenous fertlhzers under the field tnal as eXisted m the farmer's holdmg
are presented m Table I The treatments receiVIng Azotobacter along WIth

TABLE I

Effect of Azotobaeter inoculant 011 IR-20 rIce IInder the COlldltlOns offarmer's lzoldwg

Plant Produchve Gram
Treatment height tillers Yield

(em) (No Iplant) (kg/ha)

No Azotobacter + 100 per cent fertlhzer 71 3 69 5090
-(control)

Azotobacter+IOO 0 per cent fertlhzer N 744 8 I ,250
Azotobacter+875 per cent fertlhzer N 773 80 5500
Azotobacter+75 0 per cent feruhzer N 735 7I 5380
Azotobacter+62 5 per cent fertlhzer N 744 78 5400
Azotobacter+50 0 pel cent fertlhzer N 75 1 90 5615

% \Dcrease

3 I
8 1
60
61

103

reduced levels of fertilizer nItrogen recorded better plant height and number of
tillers when compared to the treatment receIVing 100 per cent fertlhzer llItrogen
.alone The gram Yield from the treatments recelVlllg Azotobactel moculant
.gave more or less SImilar yield as thelt of the control IndlcatlDg the saving of
fertilIzer Ultrogen to the tune of 1875 to 750 kg N/ha wIthout affecting tbe
gram yIeld These results are In agreement with the earher reports (Ob1Jsaml
et ai, 1976, RangaraJrUl and Muthuknshnan, 1976) A marginal Increase m
the gram yIeld (160 to 525 kgfha) wa~ recorded III plots receiving Azotobactu
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treatment 111 cOmbInatIOn wIth dIfferent levels of fertIhzer mtrogen which IS

SImIlar to the earlIer reports (ObhsamI et al 1976, PatIl et ai, 1976,

Rangara]an and Muthuknshnan, 1976) The performance of Azotobacter
Inoculant was better WIth the mInimUm fertIlJzer mtrogen applIcatIOn
However, tht" benefi("lal effect of Azotobacter ll10culant along WIth the 100
-per cent fertilIZer N applIcatIOn was poor WhICh might be probably, because
of the deletenous effect of readIly avaIlable nItrogen In mhlbltIng the activities
of Azotobacter (Rangaswami, 1975)

The maXImum water holdmg capaCIty of the field samples from Azotobacter
treated plots got Increased by I 6 to 7 0 per cent Also, the percentage of pore

TABU:: II

EffeCI of Azotobacter moclIlanl all cerlam phYSical pi opertles of sorl grown 10 IR-20 nce
IInder lite conditions of farmer's holding

Treatment

No Azotobacter+ ]00 0 per ceot feru!tzer N -(control)
Azotobacter+ 1000 per cent fertIlizer N
Azotobacter+87 5 per cent ferllhzer N
Azotobacter+ 75 0 per cent fertIllzer N
Azotobacter+62 0 per cent fertlltzel N
Azotobacter+50 0 per cent fertilIzer N

TABLE III

MaXImum water
holdIng capaclty

0/0

1789
41 6]
4494
3950
4088
4033

;
POle space %

5472
6089
6510
5550
6046
6049

Nitrogen balance In Ihe field due to Irealm':/lt \Vlth Azotobacter lIIoculant all IR-20 lice ullder the
conditIons oj farmer's holding

'" '" '" Q):0 :0 ->, :0
~ ZO ~

~.o,-. os;; .... Vl ;'2 -::~~ Z~ Q
;>- os ;> ___

Ol- e;
Treatment ~o.-..

0O ;>..c ;>0 ell .,.0 ~ ;> - fid'N~~ '" --- ~S~ "'o~_ Vl '"
-="O~ _ell e;os", ",,,,

~c:::e. =~".C Ol~ 03 <lJ Po
c.o ..c
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~-0lJ Q) :g On

~Z
~ .... o - .... eIl C~eIl

q::---
~Cll

~Zc U-.roO ~Z b CIS Po"'" U:Zc 00CQ,-,,-,

No Azotobacter+
100 0 per cent
ferUhzer N -(control) 1586 1500 3086 1297 1789 193 7 +148

I\zotobacter + 100 0 per cent
fertIlizer N 1586 1500 3086 1266 1820 1694 -126

Azotobacter+875 per cent
fertIlizer N 158 6 131 2 2892 1401 1497 161 9 +122

Azotobacter+ 75 0 per cen t
fertIlIzer N 1586 1122 2708 1280 1428 1867 +439

Azotobacter+62 5 per cent
fertilIzer N 1586 937 2523 1391 1132 1802 +670

Azotobacter+50 0 per cent
(ertIltzer N 1586 750 2337 1352 984 2005 +102 I
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space was found to Increase by 0 7 to 104 In the samples from Azotobacter
treated plots Maximum Increase In these two charactenstlcs were recorded In.
the Azotobacter treatment along with 87 5 per cent of the fertilIzer nitrogen
(Table II) Such an observation on the better phySical charactenstlcs of the sOIL
due to Azotobacter treatment might have been due to the prolIferation of the
bacterIal cells and productIon of polysaccharIdes by the Azotobacter cells
(MlshustIn, 1970, Brown, 1974), which ill turn might have been responsible for
ImprovlDg the aggregatIOn of the SOil particles

The mtrogen balance In the SOil after the trIal (Table III) mdlcated that the
treatments receiVIng Azotobactel along With reduced ferhhzer mtrogen doses
showed greater value of avaIlable mtrogen 1D SOil ThiS would mean that the
Azotobacter moculant might have played a greater benefiCial role In the mtrogen
fixatIOn and release to the SOil by dIfferent means such as excretIOn of amIno
aCids mto 5011 and miXIng of cell constituents after lysIs The Increase m the
available mtrogen III the control plot might be due to the activItIes of native
mlcroflora illvolved ill the nitrogen fixation ThiS study needs further testmg
under vaned agro-cllmatlc conditions for assessmg nitrogen economy due to the
applIcatIon of Azotobacter Inoculant

Toe authors are thankful to the farmer, Thiru S Shanmugavelu, Keeianchikulam, Madural
Dlstnct, TamIl Nadu, for provIdmg all the faCIlItIes to carry out thIS tnal
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Effect of Graded Levels of Nitrogen FertlllzatlOn and

Azotobacter InoculatiOn on Yield of Paddy

R PRAKASH AND N N PRASAD

MicrobIOlogy DIvISion, Faculty of Agnculture
Annamalal UDiverslty. Annamalamagar-608101

ABSTRACT

The eftect of graded levels of mtrogenous fertilizatIOn VIZ. 25 00, 31 25, 37 50 and
43 75 kg/ac together With ALotobacter moculatlon was compared With 50 00 kg/ac level
of mtroeen fertilizatIOn With two vanetles of paddy VIZ. AU 1 and Madhu
Azotobacter moculatlon With 43 75 kg/ac level of N fertlhzahon gave gram and straw
Yields Similar to 50 00 kg N/ac Without Azotobacter moculahon

INTRODUCTIO!\

THE Improved crop yIelds and soIl fertilIty due to Azotobacter moculatIOn have
'been reported by several workers (Greaves and Jones, 1942, Garbosky 1956,
Gopalakrlshnamurthy et al , 1967) That the nitrogenous fertilIzatIOn level could
be reduced, If supplemented WIth Azotobacter moculatIOn has been reported by
Obhsaml et al (1976) and PattI et al (1976) The results on the effect of
.graded levels of llltrogen f~rtlhzatlOncomhmatlOn With Azotobacter InoculatIon
when compared WIth 50 kg N!ac level WIthout Azotobacter moculatlOn are present
,ted III thIS paper

MATER1AL AND METHODS

A field tnal was conducted WIth a plot SIze of 4m x 3m, III splIt plot deSIgn
The VarietIes AU 1 and Madhu were used In thIS study A common basal
dressmg of K 20, as mUriate of potash, and P~05 as super phosphate at the rate
of 25 kg/ac was gIven to all the treatments Graded levels of nItrogen were applIed
.as urea at 25 00, 3 I 25, 37 SO and 4375 kg/ac The full dose of mtrogen at 50
kg!ac WIth no Azotobacter InoculatIOn was lllcluded to serve as control
Azotobacter Inoculum (AU 3 Isolate) obtamed from MIcrobIology DIVISIOn,
Faculty of AgrIculture, Annamalal UnIVersIty was used The SOlI treatment
was given at the rate of 6 packets (each weIghIng ISO g) per acre Just before
transplantatIon

RESULTS AND DISCUSSION

In AU 1 decrease III heIght to the extent of 10 72 447, 778 & 1 18 per cen'
was obtailled With Azotobacter Inoculation III cOmbInatIOn WIth 2500, 31 2S,
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37 liO and 43 75 kg N/ac levels, respectively over 50 00 kg N/ac apphcatlOo
without Azotobacter In Madhu Illcrease In heIght of 1 22 per cent was obtallled
wIth treatment of Azotobacter m combmatIOn wIth 43 75 kg N/ac over 5000 kg
N/ac wIthout Azotobacter (Table I) The Azotobacter treatment wIth 43 75 kg
N/ac gave equal YIeld to 50 kg N/ac wIthout Azotobacter III AU 1 vanety
(Table II) In Madhu Azotobacter treatment wIth 4375 kg N !ac gave 561 per

TABLE I

Effect of graded levels of mtrogen appllcatlOn and Azotobacter mocuiatzon
on the hezght + at of nce

AU 1 Madhu

Treatments SamplIng time after Mean Sampling time after Mean
transplantalion In days transplantation m days

--------
15 35 55 75 15 35 55 75

Azotobacter + 25 kg N/ac
(No mtrogen*+25 00 kg"*) 327 493 689 844 5882 296 484 709 868 5892
Azotobaeter + 31 251<g N/ac
(6 25 kg"'+25 00 kg**) 336 51 1 723 862 6080 306 502 71 8 88 1 6017
Azotobacter + 37 5 kg N/ac
(12 50kg~ +25 00 kg*"') 356 53 1 749 882 629 323 521 750 913 6267
Azotobacter + 43 75 kg N/ae
(1875 kg* + 2500 kg*") 370 547 777 91 1 6512 338 563 777 938 6640
5000 kg N/ae
(25 00 kg* + 25 00 kg**) 361 568 787 920 6590 338 524 781 946 6460

+ at Height I n em * Basal dreSSing ** Top dreSSIng

TABLE II

Effect of graded levels oj nitrogen applicatIOn and Azotobacter mocuiatzon

011 the gram yzeld of nce

AU I Madhu
----~--

Treatment Per plot Per acre Per plot Per acre
In kg In kg mkg mkg

Azotobacter + 25 00 kg N/ac
(No nItrogen* + 25 00 kg*"') 450 1518 480 1619
Azotobacter + 31 25 kg N/ac
(625 kg* + 2500 kg**) 480 1619 500 1687
Azotobacter + 37 5 kg N/ac

1746 1798(12 50 kg· + 25 00 kg*"') 520 533
Azotobacter + 4375 kg N/ae
(18 75 kg* + 25 00 kg*!) 530 1822 5 63 1899
50 00 kg N/ae

1798(25 00 kg" + 25 00 kg""') 530 1822 533

.. Basal dressmg ... Top dressmg CD (P=O 05) = 0572
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TABLE III

Effect of graded levels of mtrogen appilcatlOn and Azotobacter moculatlOn
on the straw yIeld of nee

AU 1 Madhu
--------

Treatment per plot per acre per plot per acre
10 kg 10 kg 10 kg 10 kg

Azotobacter + 25 00 kg N/ac
(No D1trogen* + 25 00 kg*'") 760 2564 780 2631
Azotobacter + 31 25 kg N/ac
(6 25 kg" + 25 00 kg*") 8 10 2732 8 30 2800
Azotobacter + 375 kg N/ac
(12 50 kg* + 25 00 kg*'") 850 2867 860 2900
Azotobacter + 43 75 kg N/ac
(1875 kg* + 25 00 kg'"") 950 3204 960 3238
50 00 kg N/ac
(25 00 kg* + 25 00 kg'"") 9 50 3204 9 36 3157

.. Basal dresslOg ** Top dressmg CD (P=O 01) = 0909

cent Increased yIeld over 50 00 kg N/ac ObhsamI et al (1976) reported that
Azotobacter treatment with 45 kg N/ha gave hIgher yields of grain ranging from
1 7 to 8 0 per cent over the nItrogen (60 kg N/ha) PatI! et al (1976) also
reported an Increase of 28 per cent In the yield of paddy when mtrogen was
applIed with Azotobacter Azotobacter moculatlOn wIth 43 75 kg N/ac and
50 00 kg N{ac wIthout Azotobacter inoculatIOn gave simIlar straw yield III AU 1
On the other hand, In Madhu vanety an Increase of 2 1 per cent In the
former treatment was found compared to the latter (Table III)
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Effect of Certalll Olganlc Amendments on the EfficIency of

InoculatiOn wIth Azotobacter

R PRAKASH AND N N PRASAD

MIcrobIOlogy DIvISiOn, Faculty of Agnculture, Annamalal Umverslty
Annarnalamagar-608 101

AIlSTRACT

ApphcatlOn of certam orgamc amendments VIZ, Sesbama, glyncldla, sunnhemp
3nd paddy straw gave an IDcreased graln Yleld over contiOl Apphcatlon of these
amendments wIth Azotobacter moculation gave hIgher Ylelds compared to thelr applica­
tlOn without Azotobacter ')esbama + Azotobacter and glyncldla + Azotobacter
combmatIons were found to be very effectlve ApplicatIOn of orgamc amendments in

combmatLOo with Azotobacter lDcreased the mtrogen content of shoot and mtrogen
and orgamc matter contents of the sOli compared to the apphcatlOn of orgaDic matter
alone

JNl RODUCTION

SEv.eRAL workers have suggested the use of bacterIal fertlhzers to Improve the
flce (Oryza satlVa L) ylelds (Manna et at, 1962, Shlvappa Shetty et at, 1976,
PatIl, 1976) The beneficIal effect of organic amendments added to sOil On Its
Azotobacter populatIon was reported by Ekbote (1973) and Smgh et al (1975)
The effect of applIcatIOn of certam organIC amendments III combmatlon wIth
Azotobactel moculatlon to soll on YIeld of nce and mtrogen content of plant
and sod are reported In thIS paper

MATERIAL A'oD MbTHODS

A field tnal was conducted wIth IR 20 nce vdIIety The plots weI e laId
out lD split plot deSign wIth three rephcatlOns The plot SIze WitS 4m y 3m
Green manures Sesbama, glYllcidia and suo.nhemp and paddy straw were
tDcorporat~d at the rate of 2 5 tonne" per acre and left for decomposItIOn for 30
days The plots wIthout Azotobacter and orgalllc amendments served as comrol
Ba~al dressLDg of K 20 and PgOS was gIven at the rate of 25 kg/ac to all the
plots NItrogen was applIed, dS Ulea at 25 J...g/ac level 10 two equal split doses,
one at the tIme of transplantatIon and another at 25th day after transplantatIOn
SOlI treatment with Azotobactel (Isolate AU 3 of Azotobacter chroococum)
moculum WPS done with 6 pachets each welghmg 150 g, of hglllte-based culture
per acre, obtawed from MlcloblOlogy DIVl~lO[l, ,Faculty of Agnculture,
AnnamaldI UnIverSity The nItrogen content of shoot and 5011 samples collected
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from Ihlzosphere was estimated folloWIng the method (1f B, cmner (1960) The

organic matter content of the rhlzosphere SDll was estimated folIowmg the

method of Walkley and Black (1947)

REsULr'> AND DISCUSSION

Incleased growth of the plant was observed 10 all the treatments generally

over the unamended control The height of plants with glyllcldJa + Azotobacter
was ma'(lffillm over the unamended control (Table I) Among the treatments

TABLL I

Effect of applIcatIOn of certam organcc amendments and Azotobacter moculatlOn
on the heIght of lIce plants

Treatment

Height of the plants In cm Percentage
Increase

SamplIng tIme after transplantatIOn III days Mean or decrease
over control

15 35 55 75

Control 364 559 669 897 6622
Azotobacter alone 375 587 705 91 9 6465 +337
Sesbama 38 "- 563 737 907 6477 +409
Sesbama+ Azotobacter 390 593 758 921 6655 +695
GlyncldIa 374 564 73 1 921 6477 +409
Glyncld la+ Azotobacter 380 591 768 959 6745 +8 80
Sunnhemp 386 589 698 928 6502 +450
Sunnhemp + Azotobacter 390 609 736 943 6695 +760
Paddy straw 35 b 599 646 864 6062 -257
Paddy straw+ Azotobacter 375 574 683 921 6382 +257

TABLE II

Effect of applIcatIOn of certam organzc amendments and Azotobacter moculatzon
on gram yIeld 01 /lce

Gral n Yield In kg Pel centage
Treatments ----------- of Incredse

per plot per acre over control

Control 376 1269
Azotobactiir alone 423 1427 125
Sesbama 460 1552 223
Sesbama + Azotobacter 495 1669 31 7
Glyncldla 423 1427 125
GlyncldIa + Azotobacter 493 1663 31 1
Sunnhemp 416 1403 79
Sunnhemp + Azotobacter 463 1562 23 I
Paddy straw 403 1359 71
Paddy straw + Azotobacter 433 1461 IS 1

C D (P=O 05) = 0 481
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sesbama + Azotobacter gave the maXImum lUcrease (31 7 per cent) lD the gram
yIeld over the control followed by glyncldla + Azotobacter and sunnhemp +
Azotobacter ApplicatIOn of different organic manures lD combiDatlOn wIth
Azotobacter gave higher yIelds compared to theIr applicatIOn without
Azotobact~r (Table II) Ekbote (1973) reported that lDcorporatlOo of compost,
sunnQemp, paddy straw and Jowar straw IDcreased sOil mICrobIal actIVIty
(;onslderat>ly, With highest Increase In Azotobacter population with Jowar straw
Smgh] et al (1975) reported that Mahua cake Hlcreased Azotobacter population
III soIl at concentratIOn of 0 25 per cent and above In the present study the
straw YIeld was maximum with glyncldIa and Azotobacter lQoculatlOn compared
to control (Table III) The shoot samples from the sesbaDla + Azotobacter,

TABLE HI

Effect of the apphcatlOn of certam orgamc amendments and Azotobacter
Inoculatron on straw Yield of rice

Straw yield In kg Percentage
Treatment Increase

per plot per acre Over control

Control 1200 4048
Azotobacter 1393 4699 1608
~esbaDla 1523 5136 2691
Sesbama + Azotobaerer 1683 5676 4025
Glyncldla 1531 5164 27 S8
Glyncldla + Azotobaeter 1760 S936 4875
Sunnhemp 13 90 4688 15 83
Sunnhemp + Azotobacter 1506 5079 255S
Paddy straw 13 13 4429 941
Paddy straw + Azotobacter 1400 4722 1666

C D (P=OOl) = 1428

TABLE IV

Effect of the app/zcatlO1I of certam orgamc amendments and Azotobacter
moculatlOn on mtrogen content of shoots (expressed In percentage)

Sampling time after transplantatIon 10 days
Treatment

/5 3S 55 75

Control 0504 0812 1421 1708
Azotobacter alone 0588 0952 1 528 1792
Sesbama 0644 1 120 1680 1904
SesbaDla + Azotobaclt!r 0812 1 260 1764 2492
Glyncldla 0784 1204 1 540 1944
Glyncldla + Azotobacter 0896 1 344 1792 2200
Sunnhemp 0644 1 120 l' 652 1904
Sunnhemp + Azotobacter 0700 1260 1792 2180
Paddy straw 0784 0896 1 540 1 ~48

PaddY straw + Azotobacter 0952 0980 1 568 1988
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.glyncldla + Azotobacter and sunnhemp + Azotobacter contamed 2 492, 2 200
and 2 380 per cent mtrogen compared to I 708 per cent In the shoots of plants
raIsed from Azotobacter alone maculated plots (Table IV) Slmtlar results were
found wIth respect to nItrogen content of the rhlzosphere soll In the above
mentioned treatments (Table V) Belshova (1954) claimed that apphcatlOD of

TABLE V

Effect of the applicatIOn of certam organic amendments and Azotobacter
moculatron on total mtrogen content of rhlzosphere sOli (expressed m percentage)

Samplmg time after transplantation In days
Treatment ------

15 35 55 75

Control 0031 0037 0044 0056

Azotobacter alone 0039 0046 0056 0067

SesbaDIa 0038 0047 0058 0070

Sesbama + Azotobacter 0048 0058 0068 0084

Glyncldla 0038 0048 0056 0075

Glyncldla + Azotobacter 0052 0064 0069 0092

Sunnhemp 0036 0048 0060 0073

Sunnhemp + Azotobacter 0050 0068 0075 0087

Paddy straw 0036 0056 0061 0071

Paddy straw + Azotobacter 0048 0067 0073 0082

TABLE VI

Effect of appllcatwn of certam organiC amendments and Azotobacter moculatlOn
on the orgamc matter content of sOil (expressed In percentage)

Treatments
Sampling time after transplantation In days

15 35 55 75

Control 086 099 1 19 1 27

Azotobact!r alone 093 126 1 02 1 48

Sesbama 099 I 12 1 28 1 57

Sesbama + Azotobacter 1 19 1 31 149 172

Glyncldla 1 07 I 19 132 159

Glyncldla + Azotobacter 1 19 131 I 43 1 80

Sunnhemp 1 12 1 19 1 38 148

Sunnhemp + Azotobacter 1 31 141 1 51 163

Paddy straw 089 1 08 124 1 80

Paddy straw + Azotobacter 104 1 19 1 50 1 94
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Azotobacter mcreased the nItrogen status 10 the rhlzosphere SOIl Purushothaman
et al (1976) reported more mtrogrn fixatIOn III the nce rhlzosphere sOlI than III

the uncropped SOlI The rhlzosphere SOlI samples from plots In WhICh the
organIc amendments were added In combmJtlon wIth Azotobacter InOCulatIOn
recorded a relatIvely hIgher orga11lC matter content compared to c;amp1es
collected from plots 111 whIch eIther olgamc amendmentc; are added wIthout
Azotobacter or Azotobacter Inoculated wIthout organIc amendments (Table VI)
Tills may be due to the favourable effect of the treatments on the root growth
wIth consequent Increase III the sloughed off root materIals and mIcrobIal
actIvIty lD thIs metabobcally actIve ecologIcal regIOn
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The Response of Malze and Sorghum to Azotobacter Inoculants

P SANTHANAKRISHNAN AND G OBLISA~1l

Department of BiOlogy, TamIl Nadu Agncultural UmverSlty. COImbatore-3

ABSTRAOT

Field tnals to assess the response of two cereal crops like sorghum and mal1e to
Azotobactel Inoculant In combmatlon with three levels of fertilizer mtroiSen mdlcated
that maize was more responsive to Azotobacter Inoculant than tbe sorghum crop
Maximum benefit due to Azotobacter IDoculants was 0 btamed when the fertlhzer
mtrogen level was reduced to 75 per cent of the recommended level, In both the crops

BACTERIZATION of crops wIth Azotobacter IS belllg extensively practiced III vanous
countnes as well as India (Mlshustm, 1970, Brown 1974, Obhsaml el a/, 1976)
The response of cereal crops to Azotobactel treatment has been reported by
number of eaIlIer workers (Patel, 1969, Brown, 1974, Mishustln, 1970, Obhsann

et al 1976) The field performance of Azotobacter chroococcum inoculant
on two Important cereal crops VIZ, sorghum and maize under field condItIons,

JS presented In the present paper

MATERIAL A!';D M~THODS

R,mdomIzed and replIcated tnals were t"ken lIP at the Agucultural Research
StatlOn, Bhavamsagar Sorghum ~eeds (Co 21 vanety) and maIze seeds (Ganga
5 v<lrIety) were treated wIth peat soil based Azotobacter chroococcUIIl Inoculant
The 5011 applrcatIOn of the Inoculant was also done follOWIng the procedure
reported carher (OblisamI et at ,1976) The fertIhzer nItrogen' W,1S applIed

at three dIfferent levels VIZ, 100, 75 and 50 Der cent of the recommended levels
fOl both the crops The phosphatIc and potassIc fertIhzers were applIed at
the recommended levels as bac;al applICatIOn The heIght of the plant at
dIfferent Intervals and the graIn Yield ;vere recorded

RESULTS AND DISCUS'>ION

The pelformance of the Azotobacter Inoculant on the celeal crops are
presented III Tables I and IT The sOIghum plants from Azotobactel treated
seeds were comparatIvely taller than the unlOoculated plants Whereas the
heIght of the maIze plant reCeIVIng Azotobactel treatment was some what smaller

than the umnoculated treatment The gram yIeld of Azotobacter tleated
sorghum plants was mal e 01 le~s SImIlar to that of the uDlnoculated plants
WIth the treatments recelvlllg 100 and 50 per cent 01 the recommended fertIllzel
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nItrogen, however, there was a margmal mcrease In Azotobacter treated plants
wIth 75 per cent of the fertlhzer llItrogen (Table I) Azotobacter moculated
maize plots gave Increased yIeld of gram over that of umnoculated treatment
with all the three levels of fertlhzcr nItrogen, the Increase vaned from a8 to
194 per cent (Table II) The present results are similar to the earher reports

TABLE I

Effect of Azotobacter moculant In combmatlon with three levels offertiliur mtrogen on
Co 2l variety of sorghum

Treatment

Plant heIght (ern/plant)

40th 70th 100th
day day day

Gram
YIeld
(kg/ha)

%
Increase

No Azotobacter treatment
450+45 0 kg N/ha (l00 per cent N) 108 3
225+450 kg N/ha (75 per cent N) 1032
0+450 kg N/ha (50 per cent N) 101 6

Azotobacter treatment
450+450 kg N/ha (l00 per cent N) 1162
22 5+45 0 kg N/ha (75 per cent N) 111 7
0+45 0 kg N/ha (50 per cent N) 108 5

2200
2109
2024

2202
2205
2104

ZZ33
2139
2106

2218
2254
2155

3765
3470
346<;

3735
3820
3460

-08
+100
- 01

TABLE II

Effect ofAzotobacter moculant In combrnatloll With the thru levels 0/ fertilizer
mtrogen on Ganga 5 variety ofmQlze

Plant height (em/plant) Gram per centTreatment --------- yIeld
40th day 70th day (kg/ha) !Dcrease

No Azotobacter treatment
670+670 kg N{ha-(IOO per cent N) 1834 2491 4411
335+670 kg N/ha--(75 per cent N) 193 5 2556 4116
0+670 kg N{ha-(50 per cent N) 1652 2218 4033

Azotobacter treatment
67 0+67 0 kg N/ha (100 per cent N) 1590 2295 4566 38
33 5+670 kg N/ha (75 per cent I'l) 1803 2423 4915 194
0+670 kg N/ha (50 per cent N) 1694 2244 4443 102

by varIOUS workers WIth other cereal crops as well as others (Brown et al ,
1963, Patel, 1969, Badglre and Bmdu, 1976 , Obllsaml et al , 1976 , Patel et aI,
1976 ,Shlvappa Shetty et ai, 1976) It IS well known that C 4 plants are
responSIve to Azotobacter treatments (Purushothaman et ai, 1976) In the-
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present study though both the plants are C 1 plants, maw;: exhibited bettel
response to 'lz6tobactel than the sorghum ClOp Dobercmer (1974) has also
reported that m:lIl:e could be better re~po'1<;lve to Azotobacte/ and bactenal
treatmenb and the plesent results connrffis the above VIew The leo,ponse of
sorghl'ffi with reduced level of tertIhzer nltlOgen (/ e 75 per cent N) was however,
better land the gtam yield was more or less slillllar to that of the treatment
receIvmg 100 per cent fertilIzer Illtrogen <llone These results llldlc2ted the
possIbility of savmg 01 fertllIzel nitrogen to the tune of 25 per cent of the
recommended level ()f nItrogen without effecting the gram yIeld by the applI­
catIon of Azotobacter Inoculants
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Effect of Combmed Inoculants on Potato

P SANTHANAKRISNAN, K BALARAMAN, N RAMADOSS* AND G OBLISAMI

Department of BIOlogy, Tamil Nadu Agnl Unlverslty. COlmbatore-l Tamil Nadu

AnSTRACT

Treatment of potato seed tubers and sOil applicatIOn with Azotobacter, Bel)ermckla
and BaCIllus megateTlum either alone or In combmatlons gave hIgher YIelds of potato
tubers over tbe unmoculated control The combmed lOoculant wIth all the three bacte­
nal cultures gave the maxImum tuber YIeld, IAA, mtrogen and avaIlable phosphorus
content were also maximum with all the three lOoculants put together Smularly,
maximum phosphatase actIvity 10 sOIl was recorded with all the three lOoculants
Consldenng mdlvldual moculants, BelJermckra performed better over the Azotobacter
Or Baelllus megaterrum

SEED bacterizatIon wIth bacterIal IDoculants IS well known to IIIJprove the plant
growth and VJgour of the plant III the enrly stages of the crop because of theIr
role III Dltrogen fixatIOn and mmerahzatlOn as well as release of phosphorus m sOil
by the mtroduced orgaDllms (MlshutlD, 1970, Dobere.ner, 1974, RangaswamI,
1975) Bactenal fertlhzers IIIJproved the YIelds of a wIde rangc of crop plants.
-especIally vegetables Includmg tubers (Brown et ai, 1964, Brown, 1974;
ShIvappa shetty et al 1976, Obhsaml et ai, 1976 and 1977) The Western
workers have reported that ill caso of potato the YJeld lDcrease due to Azotobacter
moculatlon ranged 18-25 per cent (Rakhno and Ryys, 1963 , Brown et al , 1964,
VolodlD, 1969) However, no informatIOn IS aval1able on potato crop under
South IndIan condItIOns The present paper deals with the performance of
blofertJhzers on potato crop grown under NIlglrls condltlons

MATI:RIAL AND METHODS

A randomized, replIcated field tflal was conducted at the State Seed Farm
Thummanatty, near Ootacamund, Nrlgrrs, TamIl Nadu, usmg Kufn Jothl varrety
of potato The seed tubers were treated wIth peat sOil based Azotobacter
lUoculant folloWIng the methods suggested (Oblrsaml by el ai, 1977) and planted
adoptIng a spacmg of 40 x 40 cm The recommeded levels of fertlhzers were
apphed (N P K = 75 150 75 kgjha) The other bacterial moculants
Beljermckza, Baczllus me~alenum and combmatrons of eIther of the two or all the
three bacterIal moculants were also applied SImIlarly. The plot whIch reCClved
only the fertlhzers and not bacterIal moculants served as control

·Indo-German Nllglfls Development proJect, Ooty, NIlgms, TamIl Nadu
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The Indole acetIc aCId productIon potentIal In the sOIl was estimated

follOWing the procedures detailed In the earher report (Purushothaman et 01.
1973) The phosphdtase actiVIty III the soils of the expenmental plots was
assessed as per the standard procedure The mtrogen and phosphorus contents.
of the sOlI samples from the expenmental plot were estImated followmg the
standard procedures (Bremner, 1960, Jackson, 1962)

RESULTS AND DISCUSSION

The results on the effect of bactenal Illoculants on the yIeld of potato tuber
are presented In Table T MaxImum yIeld of potato tubers (20 34 tonnesJha)

TABLE I

Eff~ct of baClerial lIloculants on Kufrl Jothl variety of polato

Treatment

No bactenal Inoculant (control)
Azotobact~r

Beljennck,a
BaCIllus mtgat~num
Azotobact~r+B~l)ermcklQ

Azotobact~r+ B megaterlUm
B~l)ermcklQ+B megaurlum
Azotobacter+B~ljermcklQ+B megaterlUm

Potato tuber
yield

(Tonnes/ha)

1642
1867
1942
1888
1704
1679
1530
2034

Percentage
Increase

137
183
150
38
23

239

was recorded In the treatment reCeIVIng all the three Inoculants, VIZ, Azotobacter,
Beljermckla and BaCIllus megaterzum gIVIng 23 9 per cent Illcreased yIeld over
the unmoculated control Among the smgle moculants, BelJemckra gave an
YIeld of 19 42 tonnesJha followed by Bacll/us megatenum and Azotobacter
However, when two of the Inoculants were employed there was not much
Increased In yield Bacll/us megatenum seems to be not compatIble WIth the
other two moculants When all the three moculants are Introduced SImulta­
neously BelJennckIa and Azotobacter mIght have suppressed the effect of
B megatenum and thIS needs further CfltICdl study The present results of the

Increased tuber YIeld of the potato due to bacterIdI moculants IS III conformIty
WIth the earher reports of Western workers (Rakhno and Ryys, 1963, Brown
et af, 1964. Volodm, 1969) The benefiCIal effect of the combilled InocuJants
mvolvmg the three bactena as observed III the present ';tudy IS mterestmg and
needs further cntIcal assessment under vaned SOIl and agro-chmatIc condItions.

The res ults on the total mtrogen, avaIlable phosphorus, phosphatase
achvIty and IAA productIOn potentlallU soil as IUfiuenced by the bacterIal
mocuJants are presented III Tables II and III The maXImum mtrogen content of
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TABLB II

Ejject of btictellal moculallts 0/1 totalmtrogen alld avaIlable pho~p"ollis colltent of the
potato field sOli

Total 'N' AvaJlable 'P'
--------

Treatment Per cent %Increase kg/ha %Increase
over control over control

No bactenallnoculant (contlOl) 0101 1575

Azotobacter 0101 1575

Beljerznckla 0103 20 1645 44

Bacillus megatell/llll 0108 69 1680 67

Azotobactel +Beljel IlIckm 0130 287 17 15 89
Azotobacter+ B megatell/ll1l 0120 18 8 1785 133

Beljermck,a+ B megate/lllm 0120 188 1820 156

Azotobacter+ BelJerrnclcra+B megaterwlIl 0133 31 7 1785 133

TABLE III

Effect of bacterial moculallts on phosphatase actIVIty and fAA ploductlOlI potentral oj the
potato field sOIl

Phosphatase activity
(Pyrogallol equivalents) IAA content

Treatment
mg/g %mcrease mg/g %mcrease
sail over control sad over control

No bacterial inoculant (control) 032 0038

Azotobacter 035 93 0044 158

BeljerlllCk,a 031 31 0041 79

BaCIllus megaterlum 038 188 0044 158

Azotobacter+ Beljermckw 032 0044 158

Azotobactel +B megaterllll1l 044 375 0047 237

Beljermckza+B megafe/1II1Il 046 438 0041 79,
Azotobacter+Beljermckza+ B megatLTlUI1I 054 688 0085 1237

the soll was recorded In the soIl recelvlDg all the three moculants followed by
two lDoculants senes and mdlVIdual senes So also IAA content of the sol1
treated wIth all three moculants was maXImum The aval1able phosphorus
<:ontent of the sorls recel vmg either two or three lDoculants were better over SlDgle
lOoculant treatment Also, the Ihaxm1Uffi phosphata<;e athvlty was exhIbIted
10 the sOIls recelvmg all the three moculants
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Englewood Chffs, New

The Increased phosphatase dctl vlty 111 the so ,ls recelVwg the Illoculants IS

responsible fOI the Increased avaIlable phospholUS content In tbe ~oJ1 SImilarly
the Illoculants mIght have played a m IJor role In the dvallabll1ty of lllcre~sed

mtrogen ,content whIch In turn mIght be responsIble I<;>r th,e ,ncreased tuber
'YIeld The present results corrohorates the earlier repolts (MIShustl11 1970,

Brown, 1974, Dobenener, 1974)
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Effect of Bactenzatlon wIth Combmed Inoculants on Carrot

G OBLIIAMI, P SANTHANAKRISHANAN, K. BALARAMAN AND N RAMADOSS*
Department of BIology, Tamll Nadu Agnl Umverslty, COlmbatore-3, TamIl Nadu

AIISTRACT

Bacterization of carrot seeds and sOil applIcatIOn of Azotobacter, BelJermckla and
BacIllus megaterlum eIther alone or ID comblDatlOns resulted ID slgmficantly hIgher
yields of tubers than the umnoculated control BrlJermckla lDocuJant performed
better ID gIving the maXImum carrot YIeld Brl]ermcklQ and B megateT/um were
compatIble and better phosphatase activity and avaIlable phosphorus content were
resulted The total Dltrogen and avaIlable phosphorus contents as well as phosphatase
activity ID the sad receIvlDg all the three lDoculanti were better rndIcatlD@: theIr
compatibilIty to bung out the benefits to the crop

BACTERIZATION of vegetable seeds wIth 4.zotobacter tnoculant1> IS well known to'
result In a number of benefiCIal effects on the vanous vegetable crops lIke
tomato, bnnJal, cabbage, carrot etc (MlshustlD et ai, 1963, Brown et aT , 1964,.
Patel, 1969, Mehrotra and Lehn, 1971 , ObhsamI et ai, 1977) However, there­
seems to be no mformatlOD available on the performance of Azotobacter
JDoculants as well as other bacterial moculants on carrot under field conditIons
as eXisted In the NIlgms The effects of bactenzatlOll of carrot seeds and sOil
applIcation with Azotobacter moculant along wIth other bactenal Inoculants
lIke BelJermckla sp, Baczllus megatenum on carrot and certam field sOil
characters are presented 1D thiS paper

MATERIAL AND METHODS

A randomized replIcated field tnal was conducted at the State Seed Farm~

Thummanatty, near Ootacamund, N IIgtrls, TamIl N ad n, usmg Danvers Half Long
vanety of carrot The seeds were treated WIth peat SOil based Azotobacter
Inoculant haVIng approximately 3 x 103 Viable Azotobacter cells per seed Ten
packets of Azotobacter moculants (200g/pkt) were mIxed wlth 10 kg of FYM
and then mixed wlth 10 kg of sot! to treat one hectare of land The Azoto­
bacter - FYM SOli mIxture was placed on the holes where the seeds were dIbbled­
The recommended levels of fertlhzer were applIed (N P K= 135135 135 kg/ha)
and adoptmg a spacmg of 20 x 5 cm The other bactenal lDoculants hke
BezJermckza and B megaterzum and the combInatloDs of two or three bacterIal
moculants were also applIed slmllar to that of Azotobacter lnoculants The plot

·Indo-German, NIliIrIS Devolopment ProJect. Ootacamund, TamIl Nadu
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which did not receive any of the bacterial inoculants and only the recommended
levels of fertilizers served a control.

The Indole acetic acid production potential in the soil was estimated
following the procedure detailed by the earlier workers (Purushothaman et al.,
1973). The phosphatase activity in the· soils from experimental plots was
assessed as per the standard procedure. The soil samples were analysed for
total nitrogen as well as available P contents following the standard procedures
(Bremner, 1%0 ; Jackson, 1962).

RESULTS AND DISCUSSION

The effect of bacterial inoculants on the yield of carrot are presented in the
Table 1. Maximum yield of the carrots was recorded due to the treatment of

TABLE I

Effect of bacterial inoculants on Danvers Half Long variet), of carrot

Treatment

No bacterial inoculant (control)
Azotobactt!r
Beijerinckia
Bacillus megaterium
Azotobacter+Beijerinckia
Azotobacter+B. megaterium
Beijerinckia+B. megaterium
Azotobacter+Beijerinckia+ B. megateriurn

Carrot yield
(Tonnes/ha)

17.22
21.00
24.43
22.60
21.00

19.14
20.67
21.88

Per cent
increase

22.0
41.8
31.3

22.0

11.1

20.0
21.1

S.E: 3.50 C.D. at 5 per cent 7.40

Beijerinckia (24.4 tonnes/ha) while the minimum yield was recorded in the
control plot being 17.2 tonnes/ha. The treatment receiving B. megaterium
(phosphobacteria) gave the next best yield, followed by Azotobacter alone and
the combinations of two bacterial cultures. When all the three bacterial
inoculants were applied together, the performance was better than Azotobacter
alone. The carrot y·ield increase varied from 11 to 42 per cent due to the
activities of different bacterial inoculants employed.

The total nitrogen and available phosphorus conteIit of the field soil after
the harvest of the crop (Table II) exhibited considerable variation. The nitrogen
·content increased from 1.3 to 17.5 per cent, the maximum was recorded in tbe
t'reatmcnt containing all the ~hree inocultants put together. Similarly the
available phosphorus content showed an increase over the that of the control i
the increase varied· from 16.3 to 73.5 per cent. Here again the maximum
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TABLI: n

Effect of bactenal moeulants 011 total /lit! ogen and aVQ/la':Jle phosplzortls content of the
carrot field soil

'I Total 'N' Avallable 'po

I Ttreatrnent Per cent %Illcrease kg/ha % !Derease
over control over control

No bacterIal Illoculant (control) 0080 17 15
Azotobacfel 0080 1785
BelJerll1ckra 0085 63

, 2170, 265
Bacdhls megatenum 0093 !63 3150 837
Azotobacter+ BeljerlllckJa 0092 150 31 50 837
Azotobaetel +B megatenum 0086 75 1995 163
BelJellllc;kta+ B megateml1ll 0081 ! 3 23 10 34,7
Azotobaeter+ Berjer lllck/a+B /negatel mm 0094 175 2975 735

lllcrease was recorded III the trecltment receIvlllg comblllatlOn of all the three
llloculants

The phosphatase actIVIty 10 the SOIl samples Indicated an lllcrease rangIng
from 8 5 to 140 4 per cent Maxunum phosphatase acttvlty was recorded III the
treatment receIvlllg all the thlee llloculants resultlllg III the content of aval1able
phosphorus at hIgber level The IAA content of the SOlI ~amples llldicated that
the treatment recelVlIlg all the three bacteflal Illoculants contained the maXImum
IAA content (Table III)

TABLE III
Effect of bac/enal mOCIl/ants on phosphatase actIVIty and IAA productiOn potentm/ of /he

carrot field ~oll

Phosphatase actiVIty IAA Content
(py rogallo! eqUivalents)

Treatment mgjg %Increase mgjg %mcrease
sad over contra! sot! over control

No bactenal Inoculant (control) 0470 0041
Azotobacter 0570 213 0050 220
Bel}erinclcIa 0510 85 0050 220
BaCIllus megaterlUm 0720 532 0050 220
Azotobacter+BelJennck/Q 0570 21 3 0041
Azotobacter+B megatef/um 0570 21 3 0077 878
Beljermckla+B megaterlUm 0670 426 0044 73
Azotobacter+Bel}erlflckla+ B megaterrum 1 130 1404 0066 610

The combmatlOn of all the three Illoculants exhibited the maXImum
, I ,

mtroge~ content~ 10 the soIl whIch ~Ight be due to the benefiCIal actIVItIes of aJII
~he three organisms eIther hy way of exrctJOn of fixed mtrogen IOto the
~nvlronJ¥ent or lySIS of the cells (MIShustID, 1970, Brown, 1974, Doberemer,
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1974) The fAA content of the sods collected from treatments reeclvIng
cOmbInatIOn of Azotobacter cnd B megarenum (phosphobactena) was better
WhICh mIght be due to the synergistic activity of these two organIsms Beljermckza
In the presence of other organisms seemed to IIlhlbit the lAA productIon by the
other two organIsms, IndicatIng the posslbl1lty 01 the non-compatible nature of
Bezjennckla wIth the othel two org,lnIsmS Similar studies were reported
earlier on the role of IAA production potentIal of Azotobactel and other organIsms
In soIls, phyllosphere and other ecosy,tems (Purushothaman el at, 1973,
Bhaskardn et at, 1974, Oblfsaml et ai, 1974) However, detaIled studies are
needed to estabJ.sh the <ole Jf the syntheSIS of IAA III the rIJlzosphere and the
glOwth charactcrIst c, of tre ;Jlant systems resultmg 10 a better tuber YIeld
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Effect of MOisture and Temperature on the Survival of

Azotobacter In SOlI

P PRAKASH AND N N PRASAD

MicrobIOlogy DIVISIOn, Faculty of Agnculture, Annamalal University
AnnamalalOagar-608 101

ABSTRACT

The effect of different levels of soil mOIsture and temperature on the survival of
Azotobacter was studied up to a penod of 120 days The Inoculated cells multlplled
well at 60 per cent mOisture level compared to at other levels The population was
more at 30°C than at 35 and 40°C

INTRODUCTION

SEVERAL workers have reported on the effect of mOisture (Dommergues, 1962 ,
Lazarev, 1964 and Mahmoud and Ibrahim, 1971) and temperature (Green, 1932)
on the survival of Azotobacter III soil The results on the effect of dIfferent
levels of mOisture and temperature on the survival of Azotobacter maculated mto
SOil are reported III thiS paper

MATERIAL AI\D METHODS

An effiCient Isolate (AU 3) of Azotobacter was Inoculated mto the sterile
broth and grown on a rotary shaker The broth was adjusted to 50 per cent
transmIttance by addItion of dIstilled water, usmg SpectroOlc 20 at 495 mjL wave
length Well drIed, powdered and sIeved paddy field SOlI (lOa g) was taken III

bottles and stenhzed for one hour at 20 lb pressure To find out the effect of
mOIsture on the survival of maculated Azotobacter Isolate, dIfferent levels of
soIl moIsture VIZ, 20, 40, 60, 80 and 100 per cent were maIntamed III the bottles
Ten ml of the yeast extract manDltol broth culture of Azotobacter, multiplIed lD

shake culture was aseptIcally added to the ~tef1hzed soIl 1D each bottle The
bottles were Illcubated at room temperature for 120 days MOIsture levels were
mamtatned throughout the penod of study by penodlcally welghmg the bottles
and addmg the reqUIred quantIty of stenle dIstilled water

To find out the effect of temperature on the survival of Inoculated Azotobac­
Jer III sod, 30, 35 and 40°C temperature levels were chosen. The bottles were
maculated as detailed earlIer and Illcubated 10 IOcub"tors at the above menUo­
ned temperature levels up to 120 days The SOli was maIntaIned at flooded
condition dunng the penod of study
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RESULTS AND DISCUSSION

In the present study the populatIon of the moculated Azotobacter cells
Increased up to 20th day at all the sorI mOIsture levels, exceptmg at 20 per cent
level and declIned thereafter However, from the InItIal moculum of 24 0 x 103

cells/g of ~oJl, a populatIOn of 2 0 x 10 3 cells/g of SOlI survIved up to 120th day
(Table I) Dommergues (1964) noted that cultures of AzotobacteJ from tropIcal

TABLE r
Effect ofmOisture all the mrvlval of maculated Azotobacter t I II SOIl

(PopulatIon expressed In 103/g of sol!)

MOisture Samphng tIme In days

per cent ------------------------------
20 40 60 80 100 120

20 225 120 65 40 25 20
40 300 200 105 65 45 25
60 530 240 165 JJ 5 100 90
80 370 205 100 70 55 55

JOO 345 J10 85 55 3 5 30

t Imtlal Inoculum 24 Ox 103/g ofsml

regIOns tolerate drylDg best Among the different mOIsture levels tested, the
moculated Azotobacter surVIved better at 60 per cent level The populatIOn was
maXImum III 120th day samplIng at the above mOIsture level Mahmoud and
IbrahIm (1971) reported that the optImum level of mOI~ture for the growth and
proliferatIOn of Azotobacter was at 52 to 70 per cent of water holdmg capacity
In clay loam SOIl

At 30°C the InItIal moculumlevel was found to rnamtam up to 20th day,
and declIned thereafter and at 120th day samplIng 05 x 103 cells/g of SOIl
survIved At 35 and 40°C the populatIOn dechned at all the samplIng penods
and the survnal was up to 100 and 80 days only, respectIvely (Table II) The

TABLE II
Effect of temperature on the surVIval of 1II0culated Azotobactert III SOIl

(PopulatIOn expresses 103/g of SOIl)

Samphng tIme III days
Temperature

20 40 60 80 100 120

30 C 250 ]80 60 25 20 05
35 C ]70 90 40 20 05
40 C 130 80 40 ] 0

t Imtlal Inoculum 24 Ox 103{g of soil
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results In the present study clearly revealed that the populatIOn of Inoculated
Azotobacter of paddy qoJ! can tolerate relatively hIgh sod temperJtures for a
conslderable penod Green (1932) establIshed that the Azotobactel from 50l1S

of Anzona desert fixes no less nitrogen at 40°C than at 30°C
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Effect of Decomposed Wheat Straw IncorporatIOn on AsymblOtIc
Nitrogen FIxatIOn by Azotobactel

SUHAS P WANl'· AND P A SHINDE

Department of Plant Pathology and Agncultural MIcrobIOlogy
Mahatma Phule Knshl Vldyapeeth, Rahun-413722 Mabarashtra

ABSTRACT

The IDcOrporatlon of partially decomposed wheat straw IUtO broth medium showed
vaned effects on mtrogen fixation bv Azotobacter In some cases mtrogen fixation was
favoured, whereas m others It was adversely affected In general, IUcorporatlOn of two
per cent wheat straw favoured mtrogen fixatIOn

INTRODUCTlO,

A maXImum quantity of a~ymblOtlcally fixed nitrogen IS contnbuted by
Azotobacter depending on the availabilIty of carbon source In tropical countnes
like India, where the malDtenance of sot! organIc matter IS a problem, the
survival and multlpllCJtlon of Azotobacter becomes difficult Gaur et al

(1968, 71) observed that additIOn of wheat straw alone 10 ~oI11DcreasedAzoto­
bacter populatIOn appreczably The effect of IDcorporatlOn of wheat straw
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'Cdewmposed by different micrOOI !!Unisms) m broth culture on mtrogen fixdtlon

by Azotobacter IS pre~ented III this paper

MATERIAL AND ME1I10DS

Wheat straw decomposed by different microorgalllsms (Wani dnd Shmde,

1977, 1979) was used In the plesent IllvestigatlOn The wheat straw WdS

.analysed for Its orgalllc carbon, totall11trogen, phosphorus and potash contents
by followmg standaid plOcedUles (Jackson, 1973) Fifty mIlhlltres of D1trogen~

free Jensen's broth medium was dlstnbuted III each of 250 ml capacIty conIcal

flasks Wheat straw trom different tl eatments was l11corporated III broth medIUm

at one per cent and two per cent levels The sterIlIZed flasks were l110culated

WIth Azotobacter and then Incubated at room tempelature (30±2DC) for 21 days
under statIOnary condl',ons At the end of 111cubatlOn perIod, total mtrogen

content of brotll culture was determ1l1ed by macrokJeldhal method The nitrogen

fixed by Azotobacter per 50 ml of bloth culture was calculated by substractmg

the amount of llItrogen present 111 decomposed straw from total mtrogen content

of broth culture
REiWLIS AND DISGUSSlON

The aDalY~ls of straw decomposed by dIfferent mlcroorgaDlsm~ (Table I)
1ndlcated that treatments vary In their orgamc carbon, total mtrogen, avaIlable

TABLE I

AI/alysls of the decomposed wheal straw

Treatment Olgamc Total Mmeral Phosphorl.s Potash
carbon Nitrogen N (mgj100g) (mgjIOOg) (mg!IOOg)

Serratw 1725 895 2647 469 9240
k,hens,s
Cytophaga 2025 915 2421 537 J1807
rubw-I
Cytophaga J425 825 3050 615 8228
rubra-II
BaCIllus 1800 925 33 II 390 J1752
macerans-I
Cytophaga 1875 J030 3854 332 11996
rubra-III
BaCIllus 1800 875 2036 399 J2518
macerans II
Cyfophaga 2J 00 1050 4226 325 141 67
llIbra IV
CelluTomol/as IIda J8 00 950 J572 1 05 68 14
PencllllUm sp J725 760 1748 732 2J445
AspergIllus sp I 21 75 1010 2479 271 6997
AspergIllus sp II 15 00 880 5373 499 12800
AspergIllus sp HI 18 50 885 2976 428 10214
Composite 1575 875 1462 210 201 30

culture
Undecomopsed 3600 450

straw
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phosphorus and potash contents The orgalllc carbon content of straw used
vaned from 14 62 to 3600 per cent and mIneral mtrogen content vaned from
1462 to 5773 mg per 100 g of straw

The response of Azotobacter to fix atmospherIc mtrogen varIed III dIfferent
treatments A maXImum Increase of 13402 pel cent mtrogen over control was
recorded In Azotobacter maculated broth contaInIng straw decomposed by
Pemcrllzum sp at two per cent level The treatments where one per cent straw
was lllcorporated, SIX out of 14 treatments showed posItIve Illcrease III llltrogen
fixatIOn by Azotobacter, whereas remaIning eIght treatments showed negatIve
response over control About 85 56 per cent Increase III the amount of mtrogen
fixed o,er control was recorded wherelll, the carbon content of straw was less
than half of the undecomposed straw On the other hand, 7525 per cent
reductIOn In the amount of nItrogen fixed was recorded III Cytophaga rubra IV
at one per cent level, where organtc carbon content was hIgher than III treat­
ments shoWlllg posItIVe response There was an lllverse relatIOnshIp eXIstIng
between mllleral mtrogen and mtrogen fixatIon The treatment showlllg

TABLE II
Effect of decomposed wheat straw InCOrpOraTIOn on IlItrogen fixaTIOn by Azotobacter III Vitro

(Data represent the average of two repllcatlons)

Treatment

SerratIa I"l,ens,s

Cytophaga rubra I
Cvtophaga rubra II
Bacdlus macerons I
Cytophaga rubra III
BaCIllus macerans II
Cytophaga rubra IV
Cel/ulomonas uda
Pemer ilIUm sp
Aspergillus sp I
AspergIllus sp II
AspergIllus sp HI
Composite culture
Undecomposed straw·
Control

1 per cent straw 2 per cent straw
-----------

Amount of %Increase Amount of %Increase
N 2 fixed over control N z fixed over control
(mg/100ml (mg/IOO ml

broth) broth)

2380 2268 2650 3865
2060 11 34 2950 5206
1700 -1237 2660 3711
1230 -3659 1460 -2474
2730 4072 840 -5670
1660 -1443 1760 -1134
480 -7525 1280 -3814

1010 -5515 2560 3195
31 80 6391 4540 13402
1530 -2113 1440 -2577
1380 -2886 3840 10000
11 90 -3865 2600 3402
3600 8556 2040 5 15
1940 2300 1853
1800

Cal 'F' value 82625**
C D at 1 per cent 127

Note ·=Consldered as control for calculating percentage increase
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maxImum amount of nitrogen fi\ed, had lowest content of mIneraI nItrogen
This correlatIOn hal ds grod In all 1reatments where one per cent straw was
Illcorporated except C rubla III Bacltlus macerans, and Celfulomonas uda
treatments However, tlllS dId not hold good when two per cent straw was
mcorporated The fact that bIOlogIcally decomposed wheat straw favoured or
inhIbited the nItrogen fixatIOn by Azotobacter mdlcated that probably straw
decomposmg mIcroorganIsms syntheSIzed a varIety of substances dunng the
process of degradatIOn and these substances had vaned effects on the llltrogen
fiXlllg abIlIty of Azotobacter The presence of tOXIC substances III most crop
plant reSidues have been reported by varIOUS workers (Borner, 1960, Guenzl
and McCalla, 1964, Guenzl et aI, 1967 dnd PatrIck and Koch, 1963) In
general, mcorporatlOn of two per cent straw gave better results tban one per
cent straw
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Nltrogen FIxatIOn by Azotobactel Occurrmg III the RhIzosphere

of CertaJl1 TropIcal Plant SpecIes

D PURUSHOTHAMAN AND N DHANAPAL

Department of BIOlogy, TamIl Nadu Agncultural UllIvel"Slty, COlmbatore-641 003

ABSTRACT

The dlstnbutlOn of Azotobacter 10 the rhlzosphere of Sixteen grass species and
eIght weed plant species (C4 plants) has been examined and compared wIth that of some
crop plants (C3 plants) There was not much difference In the f1lzosphere effect for
Azotobacter between the two groups of plants However, the Azotobacter Isolate
from C4 plants recorded greater N-fixmg ability that the C3 Iso]a,cs Seed moculatlOn
of nee seeds with Azotobacter of C4 plant species resulted 10 belter growth of radicle
and plumule than that observed with C3 Isolate When the Isola tes were tested m a
field tnal WIth the rIce vanety, Valgal (Co 37) C4 Isolate gave more grain yield than
the C3 Isolate

THE luxunat growth of certaIn tropIcal grasses dnd \\eeds like Cynodo1T

dartylon, CypeJ us J otundus and Digital la sp even undel ext! emely poor sOil
condltIons lS known to be at least 1U part, due to the aSSocIation of effiCIent
nitrogen fixing microorganIsms m their root system (Dobereiller dnd Day, 1974,
Day et aI, 1975, Purushothaman et ai, 1976) Several species of lree-hvmg
mtrogen fiAIDg TIllcroorganlsms hke AzotobacteJ, Klebsiella, DerxlG and
BeljeJ lnckw helve been recogmsed m the rClot enVlronments of the plants (Dart,
1976, TJepkema and Bl'rrIs, 1976) Recently, Barber and Evans (1976) observed
that as much as 3-10 g of N fixatlOojhajday In the root enVIronment of the grass,
Dlgltwla sGllgumallts Though they were unable to fix up the IdentIty of the
orgamsms Implicated, suggesed that they closely resembled the members of the
famlly, Azotobactenaceae

Strangely enough these gra~s species and weeds exhlblt a mechaDlsm of
CO 2 fixation qUite distInct from the conventIOnal CalVlD photosynLhetic (Ca)
pathway Plant phySiOlogists admIt that the C~ pathway of CO 2 fixatJOn IS an
ecological adaptatIOn ill plants heJpmg them to grow effiCIently even III regIOns
of higher temperature and light mtensity wltb the lImited avaIlabilIty of water
(Hatch and Slack, 1970). In as much as the very phYSiology of C4 plant speCIes
lS dIstInctly different from that of Ca plants ln respect of CO2 fixatIOn It lS
reasonable to expect subtle qualitatIve and quantItatIve differences In the root
surface microflora and nitrogen fiXIDg mlCroorgamsms In particular A few
lllvestlgators (Dobremer et al , 1972). Paul el al (1971) and RaJu et al (972)
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have already come out with valuable mformatlOn on the fixation of nitrogen In

the root surface of grasses The dIstnbutlOn of Azotobacter and theIr actIvItIes.
In the rhlzosphere of certaIn Ca and C4 plant species are presented III thIS paper

MATERIAL AND ME1HODS

SIxteen speCIes of grasses and eIght species of dIcotyledonous weeds (C 4

plants) growIng m wilderness were Identified at the Tamil Nadu Agncultural
UmversIty Campus EIght speCIes of crop plants lIke cotton, tomato, chIllIes
representmg the Ca group pl~nts were also selected The rhizosphere SOIl samples
of these plant specIes were carefully collected from theIr natural habitats follow~

mg standard mIcrobIologIcal techmques (Pramer and Schmidt, 1966) For each
plant speCies, tbe non-rhlzosphere sods were also collected to arrrve at the
"rbizosphere effect"

The dIstributIOn of Azotobacter In the rbIzosphere as well as the non­
rhIzosphere SOil samples was determllled folIoWlllg the standard dIlutIOn plate
techmque USlllg Waksman No 77 agar medIUm Azotobacter colonIes from the
rhlzosphere samples of the plants were carefully transferred to Waksman 77 agar
slants and mam(amed Only those colollles exhIbItmg distmctly dIfferent
morphologICal charactenstIcs alone were pIcked up

The Iso1atf's of Azotobacter were tested for thelT N-fixmg capaCIty under
laboratory conditIons followlllg the procedure detatled earher (Purushothaman
et at. 1976) For preparmg the Illoculum, the Isolates were grown m Burks
lIqUId medIUm (Aaronson, 1970) for three days, under shake culture condItIOns
A standardised moculum of 0 1 ml cell suspensIOn (Ca 3 x lOs/ml) was added to
100 ml of Waksman 77 broth (deVOid of calCIUm carbonate) taken In 250 Ehrlen­
meyer flasks The flasks were Incubated over a rotary shaker at room tempera­
ture (28 ± 1°C) for 7 days From representatIve ahquots Withdrawn from the
flasks, the total nitrogen content was determmed 111 a micro Kpldhal apparatus
(Bremner, 1960)

Surface sterilIsed seeds of the f1ce vaflet!es Bhavam and Valgal (Co 37)
were maculated WIth a heavy suspensIOn of Azotobacter cells (Ca 109 cells/seed)
and the seeds were aIr drIed The seeds were allowed to germInate between
folds of mOistened filters paper rolled m the form of cylmders (Anon 1966).
The cylInders were placed III an upnght pOSItIon III darkness for five days
after which the growth of plumule and radicle was measured Seeds soaked
10 water served as control

At the wet lands of the TamIl Nadu Agricultural UniversIty a field tnal was.
laId out dunng October-December, 1976 With the nce vanety, VaIgaI The­
effiCIent A.zotobacter Isolate from Ca (AB 3) and C4 (Cyp 3) plants were used.
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These cultures were separately multIplIed and processed Into peat sOlI based
Illoculants It was applIed as seed, seedlIng and SOIl Inoculant It was a
randomIzed block design with plot SIze bemg 6 x 2 m At five levels of Oltrogen
VIZ, 0, 25, 50, 75 and 100 per cent of the recommended dose and wIth a standard
level of P205 30 kg(ha and K20 30 kg{ha the tnal was conducted

RESUL1:S AND DISCUSSION

The occurence of Azotobacter was noted In all the crop speCIes exammed
Between the C3 and C4 plants the rhizophere effect fOI Azotobacter IS not very
much dIstInctly pronolln(,ed (Tables I and II)

TABLF I

Rhlzosphere effect for Azotobacter rn C 4 plant species

Plant speCies

Cl'anddon daetylon
Cyperus rO/llndus
Zea mays
Sorghum vu/garl!
Brae/llana mutlea
Palllcum ma;l.lmum
Pellnlselum purpureum
Chlons barbata
Pan/cum repens
Pamcum antldotall!
Cenchrus Clllarls
Paspa/um weetsoma
Setana Ital,ca
Ele/moch/oa sp
Dlgltana IJ/algmata
Saccharum offiCII/arum
Amaranlhus viridIS
Amaranthus spmosa
Amaranthus quadnfoilata
Amaranthus pel1taphylla
Portulaca oleracea
Portulaca wberosa
MaUugo oPPosl/ejolw
A/tl!rnanthera sessl/ls

Rhlzosphere effect

260
180
350
260
284
286
280
305
280
270
420
320
380
360
480

310
450
320
400
210
260
260
120
36

There eXIsted wIde dIfferences between the C3 Isolates and C 4 Isolates In

respect of N-fixatlOn In general the C 4 Isolates exhIbIted greater N-fixlng
abilIty than the C s Isolates WhIle most Isolates of C~ plant species recorded
On an average 18 mg of N/g of carbon source, the Cg Isolates could fix only 8-10
mg of N/g of carbon soun"e.
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TABLE II

Rhlzosphere effect for Azotobacter m cel tam C3 plants

Plant species

Oryza sativa var Bhavam
GossyplUm Illrsutum
CapsIcum annum
Lycoperslcon esculelltum
Solanum melongena
Phaseolus aureus
Phaseolus mungo
VIgna eat/ang

Rhlzosphere effect

46
48
26
32
38
26
1 8
36

TABLE III

Nitrogen ji!xatwn by difJel ent Isolates of Azotobacter from C4 plant specIes

Plant species Isolate No N-fixatlon (mg of N/g
of manmte)

2 3

Pall/cum maxImum Jacq I pm 1 11 50
pm 2 1260
pm 3 1860

Pall/cum repent L Pr 1 2240,
Pr 2 1820

PanlCum antldotale Retz Pa 1 1260
Pa 2 1820

Paspalum weetsoma Pw 1 1826
Pw 2 2200
Pw 3 1640

Penmserum purpureum Sch Pp I 11 40
Pp 2 2480
Pp 3 2000

Chloris barbata Sw Cb I 2210
Cb 2 1620

Cenchrus ell,arlS L Cc 1 860
Cc 2 1820
Cc 3 1960

Echrnochloa sp Beaur Ech I 1700
Ech 2 2140
Ech 3 1820

D,gltQlla margrnata Link DIg 1 22 60
DIg 2 2400
DIg 3 182(}

$etarlQ Ital,ea Beaur SI I 1680
SI 2 2000
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2 3

Amaranthus vlrlllr& L Amv 1 1960
Amv 2 2240
Am v 3 1980
Amv 4 2240

Amaranthus spmosus Am sp 1 1860
Am sp 2 2160
Am sp 3 2200

Amaranthus pen/aphylla Amp 1 1850
Amp 2 1650
Amp 3 3150

Amaranthus quadrrfolrata Am q 1 1260
Amq 2 1620
Amq 3 1850
Amq 4 2160
Am q 5 1820

Portulaca tuberora Roxb P tub 1950
P tub 2 2010
P tub 3 2360

Portulaca oleracea L P ole I 1710
Pole 2 1200
Pole 3 1420
Pole 4 3200

Mol/ugo Opposltlfolla L Mol 1 120
Mol 2 1460

Alternanthera se.rsrllra
Alt 1 1820
AU 2 1718
Alt 3 2000

Zea mays L Zm 1 1680
Zm 2 1280
Zm 3 17 20

Sorghum vulgare Pen Sorg 1 2100
Sorg 2 1200

The result of the studIes made on the mfluence of seed moculatlOn with
Azotobacter on seedllDg growth are presented In Table V Both the nce vane­
tIes responded well to Azotobacter moculatlOn The growth of plumule and
radIcle 10 both Bhava01 and Valgal vartetles was significantly more m C~ Isolate
treated seeds when compared to the es Isolates treated seeds

The grain yields obtamed from the field study of Azotobacter Isolates are set
out In Table V[ Though the Yield mcrease ID grams duo, to C i plant Isolate
(Cyp 3) was not statistically significant, mcrease In Yield was found In all the
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TABLE IV

Nitrogen fixatIOn by Azotobacter Isolates from Cg plant specIes

Plant speCies

Orvza salIva L

G08SYPlum h"slItlim

CapsIcum annulim

Lycoperslcon trsculentum

SDlanum melonre/la

Phaseolus aureus

Phaseo/us ml/ngo

VIgna catJane

Isolate No

Ab I
Ab 3
Ab 6

Ab 9
Gh I
Gh 2
Gh 3
Ca I
Ca 2
Le 1
Le 2
Le 3
Sm I

Sm 2
Sm 3

Ph a 1
Ph a 2

Ph m 1
Phm 2

Vig 1
VIg 2

TABLE V

N-fixatlOn (mg of
N/g manmte)

1680
1760
860

1560
760
820
860
950
900
640
920

1100
680

J240
1620
1240
840

1200
640
640

1260

Effect of seed I/loculatlOn wIth Azotobacter on the seed/mg growth of rice vcmetles

Source of Bhavam Valgal

Azotobacter Plumule radicle Plumule radicle

C3 Isolates" 123 305 162 423
C4 Isolates" 158 386 26 1 51 3
Water-control 86 265 156 31 60

Data represent average of 25 seedlmgs measured five days after germmatlOn
·Average values of 10-lsolates m each group

treatments where C4 Isolate was used The yield dlfference was more pronoun­
ced at 75 per cent and 100 per cent N levels than at lower levels of mtrogen

Dobrelller and Campelo ([971) have mdlcated that Azotobacter paspall
occurring 10 the rhlzosphere of tropical grass were more effiCient In N-fixatlOn
Subsequently, Dobrelller et al (1972) at Rhothamsted computed that as much as
100 kg of N/ha/year has been fixed by A paspa/l In the rhlzosphere of Paspalum
notatum
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TABLE VI

Influence of Azotobacter InoculatIon (C3 and C4 Plant Iwlaleli) on the gram yIeld of

the Tlce variety, Valgal (Co 37) (kg/ha)

NItrogen level

o per cent

25 per cent

50 per cent

75 per cent

100 per cent

WIthout Azotobacter Azotobacter

Azotobacter Isolate (AB 3) Isolate (Cyp 3)----
moculatlOn from C3 plant from C4 plant

Inoculation InOculatIon

2133 2767 2233

3066 3267 3260

3175 3517 3670

3283 3678 3833

3383 3717 3975

In the present study, all the plant species harboured Azotobacter In their
rhlzosphere, the rhlZo<;phere effect (R S ratio) for Azotobacter between the C3

and C4 plants indICated not much quantitatIve varIatIOn III theIr respectIve­
habitats rather than under mdenhcal environmental condition

Compared to the Isolates of Ca plants all the C4 Isolate'> exhIbIted, a greater
N -fixlDg abIllty 18-20 mg of Njg of carbon source exceptIng the Isolate Cc 1
from Cenchrus cllwns It IS perhaps these effiCIent N-fixmg orgaDlsms lD the
rhIzosphere that sustam plant growth even lD adverse envIronments and IS­
amply supported by earher workers (Dobremer, 1974, Dart, 1976, TJepkema
and Burns, 1976)

Plants us10g the C4 type of CO2 aSSImIlatIOn obViOusly possess a rapid rate
of photosynthesIs, more dry matter productIon, and highest growth rate 1ll the­
world (Black, 1973) The C 4 plants speCIes are thought to translocate more of
theu carbohydrates to the roots and to exude more 10 theIr rhIzosphere (Dart,
1976) These exuded sugars serve as better energy source for Azotobacter
actIvIty Seed moculatlOn of paddy WIth Azotobacter from the C4 plants
promoted better growth of radicle and plumule than the Ca plant Isolates The­
growth promotmg effect may be due to (I) better N ~fixing capacity of the­
Isolates or (11) the syntheSIS of growth promotIng substances hke lAA, GA
etc i or (111) a cumulatIve effect of both The results of the field tnal did not
bnng out any appreciable dIfference between these Isolates Whenever C 4 Isola­
tes was employed, there was Increase 1ll gram yIeld but It was not statistIcally
sIgmficant The estabhshment, activIty and competitIve surVIVal 10 the
rbizosphere of rIce needs to be understood
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BIOchemIcal Companson of Azotobacter Isolates from

C3 and C4 Plant specIes

S SADASIVAM, S, PANDIAN AND D PURUSHOTHAMAN

Tamil Nadu Agricultural Umverslty, COlmbatore

ABSTRACT

A comparative study has been made between the Azotobacter Isolates of C3 and Co:>
plant species The respiratory aCllvlty of the C4 Isolates are far more greater than
that of C3 Isolates A C4 Isolate from Cyperus rotundus preferred xylose, malate and
succmate for maximum growth, while the C3 Isolate from Oryza sativa preferred
maoOltol and glucose As regards the ammonia assimilatIng enzyme, GDH, there IS

not much dIfference among the two groups of Isolates, however, the C4 Isolates
recorded greater activity of GOI than that of C3 Isolates

IT has been amply Illustrated that the luxurlent growth of certam weeds and
tropIcal grasses even In nItrogen poor soIls mIght be due to the occurrence of
actIve speCIes of nItrogen fixmg orgamsms (Paul et aI, 1971) Though qUIte a
large number of mlcroorgaDlsms have been ImplIcated In the process of mtrogen
fixatIOn at the root envlIonments, the work on Azotobacter, Spmllum, Derxur
and BelJermckla seems sIgnIficant (RaJu et aI, 1972, Doberemer, 1974, Dart
and Day, 1976) A spate of papers has been publIshed m recent years on the­
mtrogen fixmg actIVIty of Azotobacter assOCIated wIth the tropical grasses
(Doberemer and Day, 1974, Tjepkema and Bums, 1976) Recently~

Purushothaman et al (1976) observed subtle dIfferences III the nItrogen fixmg
capacIties of Azotobacter Isolated from Cs and C4 plant specIes In the present
commulllcatlOn, a few bIOchemIcal comparIsons have been made between
Azotobacter Isolates of Ca and C 4 plants

MATERIAL AND METHODS

Sources of Azotobacter Isolates The Azotobacter Isolates used lD the present
study have been obtalDed from the culture collectIOns of the MICrobIOlogy
Laboratory, TamIl Nadu Agncultural UniverSity, COlmbatore All the cultures
were malDtallled on Waksman 77 agar slants

UtIlizatIOn ofcarbon compounds by Azotobacter To find out the differences,
If any, among the Azotobacter Isolates m respect of carbon compound" utilized,
Waksman 77 IJqUld culture was prepared and several carbon sources were used
to replace manmtol Only two Isolates, One from Ca plant (AB 3) and another
from C4 plant (Cyp 3) were chosen for the study The flasks contaInIDS the
stenllzed media deVOId of CaCOa were moculated wIth the cell suspeDslOn of
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the Isolate and Incubated for 7 days at room temperature (28 ± 1°C) over a
rotary shaker The bIOmass (cell growth) was determIned by transfernng an
ahquot of the broth and drymg It at 1OsoC for 8 hours

Respiratory actmty of the Azotobacter Isolates Relatively young cultures
(3 days old) of the orgamsms grown m Waksman 77 hqUId medIUm was taken
for thIS purpose The respIratory actIVIty was followed m a Warburg
respIrometer (Umbreit et al ,1958) The reactIOn mIxture contamed 20 ml of
the cell suspensIOn, 1 0 ml of 0 1 M phosphate buffer (pH 7 0) In the reactIOn
chamber and 0 2 ml of 40 per cent KOH In the centre well wIth a filter paper
stnp Oxygen consumptIOn was determwed for a penod of 60 rmn

DetermmatlOn of Glutamate Dehydrogenase, GDH (E C 1 4 14) and Glutamate
oxaloacetate transammase, GOT (E C 2 6 1 1 )

Three days old cultures of Azotobacter Isolates, nme from each C 3 and C~

group of plants were used for enzyme assay After harvestmg and washIng the­
cells WIth 025 M sucrose, they were subFcted to SOnICatIOn at 100 rnA for 6
mmutes 10 the VibroDlcs SODlcator Dunng SODIcatlOn the cell suspenSIOn was
kept lD an Ice bdth The homogenate was centnfuged at 8000 rpm m an lEe
refngerated centnfuge and the supernatant was used as the enzyme source for
determmmg GDH and GOT actIvIty GDH was estImated by the colonmetnc
method of Kmg as descTlbed by Bergmeyer (1974) subshtutmg NADPH Instead
of NADH , GOT activIty as per the 2,4, dmitropbenyllhydrazme colonmetnc
estImatlon of ReItman and Frankel descnbed by Bergmeyer (1974) and protem
was by the method of Lowry et aJ (1951)

RESULTS AND DISCUSSION

A.zotobacter speCIes OCcurring m the root environments of tropIcal grasses
are recogmsed to be effiCIent lD nItrogen fixatIOn (TJekerna and Burns, 1976)
Surpnsingly enough the tropIcal plant specIes so far Investlgated fall under the
group of C4 type plants except nce (Dart and Day, 1976) exhibItlng altogether
a dIfferent pathway of CO2 fixatIOn (Hatch and Slack 1970) It has been shown
that a number of Azotobacter Isolates from C 4 plant species fixed more nItrogen
than that of the Isolates from Ca plants (Purushothaman and Dhanapal, 1977)
It has been admItted by plant phYSIOlogIstS that C 4 plants are characterIzed by
a rapId rate of CO 2 asslUulatJOn, more dry matter productIOn and hIghest growth
rate As the CO 2 assImIlatIon pathway IS dIfferent, the root exudates of C~

plants WIll also be different

UtIlIzatIon of dIfferent carbon sources by Azotobacter Isolates are depIcted
in Table I The Isolate Cyp 3 Isolated from Cyperus rotandus, prefered for Its
prolIferatIOn and N-fixahon carbon sources lIke xylose, malate and succInate,.
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TABLE I

UtIlIzatIOn of carbon compounds bv Azotobacter from C3 and C4 Plunts
(Data represent the mean of two estimatIOns)

BIOmass (mg!g of Carbon Source)

Carbon source

Acetate
Pyruvate
Malate
Succmate
Glucose
Xylose
Manmtol
Lactose
Raffinose
Rhamnose

Isolate AB 3
(C3 Isolate)

0480
0460
0230
0560
0860
0530
I 860
0230
0430
0260

Isolate Cyp 3
(C4 Isolate)

0750
0820
1480
1 230
0962
1 530
1 170
0670
1030
0350

TABLE II

RespIratory aCrlvlty of Azotobacter from C3 and C4 plant speCIes
(Data represent the mean of two determmatlons)

Isolates from

C3 plants
AB 1
AB2
AB3
Ghl
GH2
Ca 1
Ca 2
Le 1
Le2

C4 plants
Amv4
Bm 3
Cyp 1
Cyp 3

P tub 3
2m 3
Sorg I

Pole 4
AmP3

(JLl of oxygen consumed!g of cell)

1800
1960
1650
2600
2030
2650
4200
4300
2900

8000
7600
912 0
9150
8600

11000
6200
5600
7200

whereas the Isolate AB~ Isolated from OryzQ satzva accumulated maxImum
biomass In manmtol and glucose to a large extent Xylose has been reported to
be present m the root exudates (Balasubramaman and RangaswamI, 1973) and
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malate IS the key compound In the C~ pathway from whIch succinate could easIly
be synthesIzed III the plants The Isolates from C, plants may be dIstInctly
dIfferent In their physIOlogy and thIS may be the reason for theu selective coloDl­
zatlOn and proliferatIon In the rhlzosphere of C I plant species

The respiratory actIvIty of the two groups of Azotobacter Isolates IS
presented In Table II While the Isolates of Ca plants registered a low rate of
oxygen consumptIOn, that of the C4 plants have exceedlllgly hIgher rate of
oxygen consumptIon The higher rate of reSpIratIOn may be one of the reasons
for hIgh Dltrogenase activIty by way ot scavengll1g excess oAygen which mIght
otherwise be mhlbiting the oxygen labile mtrogenase (Postgate, 1974)

The comparative actIVIty of GDH and GOT In Azotobacter Isolates are
Illustrated 111 TdbIe III Though there IS no marked dIfference III GDH activity
between the Isolates from Ca and C4 plants, Isolates trom C4 plants registered
more actIVity of GOT than the Isolates from C a plants As there IS difference
In GOT activIty, the enzyme responsible for the utIlIzatIOn of assImIlated mtro­
gen, the dIfference m the capacity of aSSImIlatIOn of fixed mtrogen between

TABLE III

ActiVIty of Glutamate Dehydrogena~e (GDH) and GlutamiC OxaloacetlC Tlansamlnase (GOT)
m Azotobacter Isolates from C3 and C4 plant speCIes

(Data represent the mean of three determinations)

Isolates GDH aCllvlty GOT activity
from eX 10- 1) ex 10-3)

C3 plants
AB 1 41 20
AB 2 1 4 61
AB 3 1 7 83
Gb 1 22 37
GH2 148 20
Ca I 1 8 25
Ca 2 21 39
Le 1 3,0 50
Le2 130 15

C" plants
Amv4 56 524
Bm3 41 261
Cyp 3 100 250
Cyd 3 170 436
P tub 3 66 132
Zm3 320 ISO
Sorg I 61 95
P 0le4 42 120
Am P3 72 135
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these two groups may he III the coupled reactIons catalysed by glutamille
synthetase (GS) and glutamate synthase (GOGAT) as thIs pathway seems
to be predomInantly IDvolved In the aSSImIlatIon of N 2 In most of the N 2 fixmg
orgamsms than that of the GDH pathway (NayataQ1 et aI, 1971)
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Jnfluence of FolIar ApplIcatIOn of ChemIcals on the Azotobacter

PopulatIOn In the Rhlzospheres of Sorghum vulgare and
Crota/ana Juncea

A BALASUBRAMANIAN

lDepartment of Agncultural MicrobIOlogy, UDlverSltyof AgrIcultural SCiences, Banialore

ABSTRACT

Azotobacter populatIOn ID the rhlzospheles of sorghum (Sorghum vulgare Pers )
and sunnhemp (Crotalarla JUllcea Linn) was maximum when the plants were 75 days
old, nearmg matunty and mInimum at 15 days growth The fohar spray treatments
WIth 2, 4-D and sodium mtrate reduced the Azotobacter populatIon slgmficantly whIle
dlsodlUm hydrogen phosphate and dlthane 2-78 treatments Increased the population In

the rhIzospheres of both the crop plants The changes ID the Azotobaeter populatIons
are attributed to the altered root exudatIons of ammo aCids due to the fohar chemical
treatments

_Azotobacter spp are free-hvmg sot! microorganisms that are known to fix
atmospheriC nItrogen They have also been reported to colonIze the rhlzo­
sphere of cultivated plants In appreCiable numbers (Vancura and Macura, 1961,
Bagyaraj and RangaswamI, 1972) However, the ecology and the role of
Azotobacter 10 the plant rhlzosphere IS not clearly understood Patel and Brown
(1969) observed 10 wheat rhlzosphere, that the numbers of antagoUlsts to
Azotobacter lDcreased considerably WIth lOcreaslng plant age wlfh parallel
decrease In Azotobacter numbers 10 the rhlzosphere While Barea and Brown
(1974) observed no mtrogen fixatIOn by A paspalz In the rhIzosphere of
Paspalum notatum, but found several growth promotmg substances Day et al
(1975) reported considerable fixatIOn of Illtrogen by A paspail 111 assocIatIon
WIth P notatum roots In thiS paper, changes 1ll the populatIOn of Azotobacter
10 the rhlzosphere of two cultIvated plant speCIes, VIZ, Sorghum vulgare Pers
and Grota/ana Juncea Linn as Influenced by fohar apphcatlOn of chemicals are
reported

MATFRIAL AND MEfHODS

Plant culture Surface stenhzed, healthy seeds of sorghum (Co 4 vanety)
and sunnhemp (local) were sown In cement troughs (50 em x 35 em x 25 cm) filled
With Hebbal red sandy loam SOli (pH 6 6 and 048 per cent organic carbon)
Twenty seeds were sown 1ll each trough leavmg equal space between the seeds
At least 12 plant s were mamtamed III each trough With four troughs under each

-treatment The soI! mOIsture was adjusted every alternate day to 60 per cent of
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the maximum water holdIng capacity and the troughs were mamtaIned under
identICal conditIOns m green house

Foltar spray treatment The following folmr spray treatments were gIven
to the plants (1) sodIUm mtrate, at 0 I per cent, (11) dlsodlUm hydrogen
phosphate, at 0 1 per cent, (111) 2, 4-D (2, 4 dichlorophenoxyacetIc aCId), at
25 ppm, (IV) Dithane 2-78 (Zmc ethylene bls dlthlO carbamate), at 250 ppm,.
and (v) distilled water (control)

SufficIent volume of the chemIcal solutIOns were sprayed on the foliage­
followmg the same procedure as descnbed by Balasubramaman and Rangaswaml
(1973) The folIar spray treatments were started when the plants were 15 days
old and were repeated at 20, 25, 30, 45 and 75 days age However, enumera­
tIOn of the rhlzosphere samples Was carned out after 36 to 48 hrs after the fohar
treatments On 30, 45 and 75 days only

Enumeratwn of A70tobacter m the rhlzosphere sOli Azotobacter popula-
tIOn 10 the rhlzosphere and non-rhizosphere SOIls was enumerated by the dIlu­
tIOn plate method on Waksman's medIUm No 71 The populatIons were
calculated on the baSIS of one g of mOIsture free sample and the rhlzosphere.
soil (R/S) ratIo was also computed

RESULTS AND DISCUSSION

The populations of Azotobacter 10 the rhizospheres of sorghum and
sunnhemp plants at dIfferent stages of growth are pre~ented 10 Table I Sorghum
rhlzosphete harboured more number of Azotobacter than sunnhemp at all the
stages of plant growth, however, the maXImum population was observed on the
75th day aod the mlmmum on the 15th day 1D both the plaot speCies The

TABLE I
Changes In Azotobacter populatIon In the rhlzospheres of sorghum and sunnhemp plants at

dIfferent stages of growth

Sorghum Sunnhemp
Age of plant PopulatIOn· R S ratIo PopulatiOn· R S ratIo SOIl

(days) (102/g) 002/g) (WIg)

15 175 173 060 072
30 210 129 142 162
45 150 277 0,72 133 054
75 475 250 3 16 166 190

• Data SIgnIficant at 1%level
CrItIcal difference Plant species at 1%level - 0 100

Plant age - 0 116
InteraclIon - 0 201
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Varlatlons In the Azotobacter populatIOn at different stages of plant growth are
10 accordance with the observattons of BagyaraJ and Rangaswami (1973) III ragI
(E/eusme coracana) plants The RjS ratIo was also more In sorghum plants than
m sunnhemp No rhlzosphere effect was observed upto 30 days of plant growth
In sunnhemp whIle an Increase III Rj8 ratIO was observed later wIth the growth
<of the plant

The rhlzosphere effect on thiS orgamsm has been reported to vury with the
sOil type, plant specIes and stage of plant growth (Brown et a/ , 1962, KatzneJ­
son and Strzelczyk, 1961) MaXimum number of Azotobacter cells were
.encountered when the plants were 75 days old, neaTlng maturity However,
Patel and Brown (1969) observed In wheat that the number of antagonists to
Azotobacter Increased With the decrease In Azotobacter number:> m the rhlzos­
phete The present results are not In agreement With such a concluslOD

The foliar spray treatments WIth the dIfferent chemICals altered the
Azotobacter populatIon In the rhlzospheres of the two plant species slglllficantIy
(Table II) The spray treatments WIth 2, 4-D and sodIUm mtrate drastically

TABLE II

'lnfiuence of foliar apphcatlOn of chemIcals 011 the Azotobacter populatIon IN the rhlzosphere

of sorghum and sunnhemp plants

PopulatIOn (l02/g)+ R S ratIo
Treatment

*30 45 75 30 45 75

Sorghum

SodIUm Dltrate 040 0 1 33 024 0 060
DlsodlUm hydogcn phosphatc 3 18 433 866 235 962 393
2,4-D 020 0 1 33 012 0 060
Dlthanc Z-78 741 6.22 933 457 I3 82 424
Distilled water (control) 220 1 66 550 I 35 368 250

Sunnhemp

'SodIUm mtrale 0 023 046 0 051 0.20
DlsodlUm hydrogen phosphate 220 1 60 5 14 I 35 355 233
2,4-D 0 0 072 0 0 327
Dlthane Z-78 320 240 7 16 1.97 533 325
DIstilled water (control) 120 075 280 074 I 66 127
SOil 162 045 220

+ Data slgDlficant at 1% level., Age of the plant m days

CD at 1% level
Spray 01379
Plant age 0.0975
Plant SpCCICS 0.0796
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reduced the Azotobacter popUlatIOn In sorghum rhlzosphere whIle dlsodlUm'
hydrogen phosphate and dlthane Z-78 sprays mcreased the populatIOn, as
compared to the control SImilar effect was observed In sunnhemp rhlzophere
also NegatIve rhlzosphere effect (RIS raho) was observed at certam stages of
plant growth due to 2, 4-D and sodIUm nitrate treatments In both the plant
specIes

The aSSOCIatIon of SOIl mlCroorgaOlsms wIth plant roots m great numbers
10 the rhlzosphere regIOn IS often attnbuted to the presence of a variety of
chemIcals exuded by the plant roots (ROVIra, 1962) Balasubramaman and
RangaswamI (1973) have demonstrated the relatIonshIp between the qualIty and
quantity of root exuded chemIcals and the rhlzosphere mlcroflora of sorghum

\
and sunnhemp The exudatIOn of more of qualItatIvely and quantItatIvely nch
ammo aCIds by the plants treated on the fohage WIth 2,4-D and sodIUm mtrate~

more of sugars by 2,4-D and dlsodlUm hydrogen phosphate treatments and
notable reductIOn In the exuded chemIcals by dlthane Z-78 treatment, 10 general y

have been reported by them (loc cIt) It IS, therefore, eVIdent that an IOcrease­
10 the exudatlOn of amIDo aCIds suppressed Azotobacter populatIOn, whIle no

SIgnIficant effect of the exuded sugan on these bacterIa was eVIdent Vancura
and Macura (1961) observed that the amIDo aCId fractIOn of the root exudates
mhlblted the growth of Azotobacter m statIOnary cultures ThIS probably
explaIns the suppressIOn of Azotobacter ID the rhlzosphere of plants treated WIth
sodIUm nItrate and 2,4-D whIch, generally, IDcreased the amlDo aCIds ID the
root exudates Such suppressIOn of Azotobacter ID the rhlzosphere of ragl treated
WIth ammODlum sulphate and 2,4-D on the folIage has been reported (BagyaraJ
and RangaswamI, 1973) Hence, tbe results of the present studIes suggest that
the root exudatIOns, partIcularly the orgaOlc mtrogenous fractIOns such as ammo
aCIds, play an Important role In the coloDlzatlon of the rhlzosphere reglOn of
plant roots by Azotobacter The observatIons ot Balandreau (1975) that, the
mtrogenase actiVIty of rhlzosphere SOli of several grasses were affected by the
root exudatIOns, supports such a pOSSIbIlIty

The author expresses hiS gratltude to the Head of the Department of Agricultural Micro­
biology, UDiverslty or Agricultural Scu:nces. Bangalore, where a major part of the studies was
carned out
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SynergIstIc Effect of Four Granular InsectIcIdes and Rhlzobium

Treatment on the NodulatIon and YIeld of Blackgram

P MUTHUKRISH1',AN AND M RANGARAJA"I

Agncultural College and Research InstItute, TamIl Nadu Agncultural Untversity. Madural

ABSTRAGT

Seed treatment wtth RllIzobl/lm sp. along wIth the sod appltcatIOn of granular
IOsecttcldes such as dlsvston, phorate aldlcarb, and furadon sttmulated the growth,
nodulatIOn and YIeld In Co 2 vanety of blackgram lDdicatmg the synergIstIc effect of
Rhizobium sp , and dlsyston, phorate, aldlcarb and furadon

INTRODuCTION

-THE grdnular InsectIcides appiJed to the soIl for the control of Insect pests of
crops are reported to lllfluence rhIzobIa, whIch mClease the growth, nodulatIOn
and Yield of legumes DDT applied dt the recommended field rates did not
have adverse effect on nodulatIOn and yield of greengram (Pareek and Gaur,
1970)

Sehm et al (1970) reported that dleldnn and lmdane applied at the field
dose did not have lfihIbltory effect on growth and nodulation of cowpea Lindane
applied at field rate did not show tOXIC effect on growth and nodulatIOn of
bengalgram (Magu et ai, 1972) ApplIcatIOn of certam granular msectlcldles
VIZ, phorate, endrIn, chlorfenvInphos and dlsulfoton IS reported to stimulate
the growth, nodulatIOn and yield of legummous crops (Obilsami et ai, 1974,
Swamlappan and Chandy, 1975, Chendrayan and Prasad, 1976) The
synergistic effects of the granular m&ectIcldes VIZ, dlsyston, phorate, aldlcarb,
and furadon applied at 0 5 kg a I/ha and Rlllzoblum sp, WI th respect to the

'legume- R/llzoblum symbIOsIs III blackgram are presented JO thIS paper

MATERIAL AND METHOD&

The field tnal was conducted 10 khan! season, 1976-77 under IrrIgated
conditIOns In a randomlsed block desIgn With three replicatIOns having a plot
size of 4 5 x 3m There were ten treatments Includlllg ,control In which no
InsectICide and no Rhizobium were applred applIcatIOn of Rhizobium alone
formed one treatment The four granular InsectiCides VIZ, dlsyston, phorate,
aldlcarb and furadon were applied alone and also m combmatlOll WIth
Rhizobium The Iilsectlcldes were applIed at the rate of 0 5 kg a I/ha 1D long
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fJrrows lD between hnes to a depth of 4 cm one week after sOWlOg Seeds or­
Ca 2 vanety of blackgram were thoroughly coated wIth the peat soIl based
Rh,zobiUm culture and sown 10 hnes with the spaclllg of 30 x 15 cm The crop
was cultivated with all recommended package of practices Plant samples were
collected on 65th and 45th day after sow1Og and observatIOns were recorded for­
growth and nodulatlOn Dry weights of shoot and root were considered as
parameters of growth Total nodules per plant and dry weight of the nodular
tIssue were consIdered as 1Odicatlons of nodulatIOn The grams extracted
penodically from three harvests were pooled and final gralo Yield was assessed

RESULTS AND DISCUSSION

The observatIOns recorded on 45 days old crop are gIven In Table I The­
combmed apphcatlOns of RhIzobIum sp , and granular InSectICIdes were slgmfi.
cantly superior to mdlvIdual applIcatIOn of RhIzobIum or InsectIcIdes wIth
regard to growth of plants and nodulatiOn

TABLE I

Effect' of granular insectIcIdes and RhizobIUm on the growth and nodulatIon
of blac..kgram (ObservatIOns recorded on 45th day after sowmg)

Dry weight Dry weight Total number Dry weight of
Treatment of shoot of root of nodules nodular tIssue

(g) (g) per plant (g)

Control 1041 096 130 0146
RhIzobIUm sp 1237 120 250 0239
Rh,zoblUm+Disyston 1552 149 347 0391
Rh,zob,um+Phorate 1459 1.29 31 7 0372
Rh,zoblUm+Aldlcarb 1457 126 31 3 0366
Rh,zob,um+Furadon 1399 1 16 287 0297
Disyston 1280 I 14 153 0154
Phorate 11 83 099 143 4155
Aldlcarb 11.13 1 00 140 0153
Furadon 11 12 1 00 130 0149
SE 0198 0.103 () 96 0013
CD at 5"!o 0584 0306 286 0037

The observations lecorded on 65 days old crop are gIven In Table II The
5011 applIcatIOn of dlsyston and phorate at 0 5 kg a ljha along WIth the seedl
treatment of Rhzzoblum, gave seed YIeld of 1470 and 14 20 qjha and 45 3 and.
45.0 nodules per plant respectively whIle the RhIzobIum treatment alone gave
seed yIeld of 982 q/ha and 31 0 nodules per plant and dlsyston and phorate
alone gave seed YIelds of 8 62 and 804 qjha and 17 3 and 16.7 nodules per­

plant respectIvely
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TABLE II

Effect of glQnulm insecticides and RhizobIUm On the growth, nodulatIOn and
yield of blackgram (ObservatIOns lecOided on 65th day after sowing)

Dry weight Dry weight Total number Dry weight Seed
Treatments of shoot of root of of nodular yield

(g) (g) nodules tissue (g) (qfha)

Control 12330 I 170 167 01650 771
Rhizobium sp 13967 I 627 310 03427 983
Rh,zob,um+ Dlsyston 17657 I 907 453 04393 1471
RhlzoblUm+ Phorate 16853 1793 450 06000 1421
Rhlzoblum+Aldlcarb 16903 I 553 41 3 05426 11 31
Rhlzob,um+ FuradoD 16180 I 520 360 03930 IO 91
Dlsyston 14580 I 370 173 01740 863
Phoratc: 13 633 J 310 167 01680 804
AldIcarb 13 417 1273 157 01652 814
Furadon 13039 1227 150 01573 779

-SE 0061 0029 I 50 00191 019
CD at 5% 0181 0087 446 00567 057

SoIl apphcatlOn of dldlCarb and furddon cit 0 5 kg a l/ha along WIth the
seed treatment of RJllzobllln1 also gave SimIlar Increased yIelds over the apph­
catIOn of IOsectlcldes or bacteflal culture alone, although they recorded lower
yIelds and nodules than dlsyston and phorate All the four granular insecticides
along With RhIzobIum, were stimulatory to nodulation SimIlar results were
recorded by Magu et al (1972) III bengalgram due to lIndane
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Effect of Diffelent InsectIcides on the AntIbIOtiC Reslstan t

Mutants of RhIzobIum spp

S ]AYACHANDRAN AND G JEGANATHAN
Department of BIOlogy, Agricultural College and Research Institute

Madural-625 104 Tamil Nadu

AB&TRAC1

The Influence of different technical grade InsectIcides VIZ, Lmdane and B H C
(Organochlorine), Carbofuran and SeVlD (Carbamates) and thImet and phosphomlrloD>
(Organophosphorus) at 1,5 and 10 ILg/ml concentrations on the growth and poly­
slU:chande production of CAM' and St' mutants of RlllzoblllJn spp was IDvestlgated and
compared with the wlld type All Ihe IDsecllcldes at I JLgJml concentratIOn promoted
the growth of St'mutant and wild type whlle LlOdane alone inhibIted the growth of
CAM'mutant All the msecllcldes at all the three concentratIOns mhlblted the produc­
tIOn of alkaIt-stable polysaccharIdes of both the mutants and wIld type All the InseH­
cldes at 1 ILg/ml stimulated the produchon of water soluble polysaccharIdes m both the
mutants whereas sevID and carbofuran alone at I mg/ml stlmulatel! the production of
water.soluble polysaccharIdes In wild type At higher concentratIOns (5 and 10 jLg/ml)
all the lDsectlcldes mhlblted the productIOn of water soluble polysacchandes In both
the mutants and wl1d type The qualitative analYSIS of the polysacchaudes produced by
the mutants and wild type 10 the presence of the ,nsechcldes at the I{)west concentrahon
(ljLg/ml) revealed that the monomerIC sugar UOltS of the polysacchandes conSISted of
both hexoses and pentoses However, In Ihe absence of any of the IDsecllcldes the
monomeric sugar UOltS of the polysaccharIdes produced by wild type conSisted only of
hexoses mdlcatmg that Ihe lDcorporatlOn of msectlcldes even at the lowest concentration
(l jLg/mJ) altered the pathway of syntheSIS of the polysacchandes

!r.TRODUCTION

ANTIBIOTIC reSIstant marker stratUs of rhIzobia were employed to study the­
efficacy of RhIzobIum legume symbiOSIS III natural enVIronment (Law and StnJdom
1974) Although different antIbiotIc resistant mutants of rhIzobIa tend to lose­
their tnfecttvlty or nodule formmg ablltty, such effects are believed to be governed
by the concentratiOn of the antIbIOtiCS used to screen speCific antlblOtlc resistant
mutants (Schwmghammer, 1967) Notwlthstandtng the InformatIon on the mflu­
ence of a vanety of potent synthetiC compounds such as InsectIcIdes, fungicides
detergents etc On dIfferent soli mIcroorganIsms (Srcemvasulu and RangaswamI,
1973 Van Schreven et ai, 1970) and partIcularly on rootoodule bactena
(Kaszublak, 1968) the avaIlable knowledge on the effect of these 'synthetic­
pOIsons' on the antlbJOtlc re~lstant mutants of rhIzobia IS rather fragmentary
The effect of dIfferent groups of msectIcldes on the CAMr and SF mutants of

Rhizobium spp In 1I1tro IS presented III thIS paper
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MATERIAL AND METHOm

Organzsm The wIld type RlllZoblltn1 spp (Cowpea group) and CAM' and
STr (100 jLg/ml) mutants were obtaIned from the culture collectIOn of tbe­
Department of BIology, Agncultur al College and Research Institute, Madural

lnsectludes All the msectlcldes VIZ, Lmdane (gamma B H C 1, 2, 3,4,
5, 6 hexachloro cyclohe1.ane), B H C (Benzene hexachloIlde), carbofuran
(2, 3-dlhydro-2-2 dlmethyl-7 benzofurahyl methyl carbamate) SevIn (naphthyl­
N-methylcarbamate), thlmet (O,O-dlethyl-S (ehylthlomethyl) phosphorothlOlonate)
and phosphomldon [O,O-d Imethyl, O-(2-Lhloro-2-N-N -dlethyl cal bamyl-1-1­
methylvmyl) Phosphate] used III the present studIes were of tcchlllcal glade
ReqUlred concentratIOns of the lllsectlcldes were prepared by dIssolvlllg the
InsecticIdes In 80 per cent acetone

GlOwth studies To 100 ml of Waksman 79 medIUm without calcIUm carbo­
nate lD 250 m] Erlenmeyer flasks one ml of wIld type or St' or CAMr mutant
cells (Ca I x 10~/ml) expenenclllg log phase of growth was moculated, partIcular
concentratIOn of the InsecticIdes added and mcubated on a lotary shaker tor 72
hrs at room temperature (2S ±2°C) The cells were harvested by centnfuglllg
at 3000 x g for 10 mill and the bIOmass determllled after drying III bot au oven
at 90°C f01 24 hrs

Polysaccharide productIOn From the cells harvested after 72 hrs of Incuba-
tIon, the alkah stable polysacchandes (ASP) were extracted followlllg the method
of Ha1Jsld and Abraham (1957) and quantIfied uSing anthrone method (SalewskI
et al, 1974) Water-soluble polysacchalldes (WSP) were determmed by
precipItatmg the polysacchandes present m the cell-free centnfugate by the
addItIon of propan-2-01 (3 1 v/v) (Couperwhlte and McCallum, 1975)
Qualttatlve analySIS of the ASP was done by descendIng paper chromatography
uslllg n-butanol acetic aCid water 4 1 5 (v Iv) solvent system and benzldllle­
TCA reagent served as the spray solutIOn (Block et aI, 1958) The sugars were
IdentIfied by co-chromatography With authentiC Sugar samples

REsULn AN)) DISCUSSION

The data revealed that all the InsectIcIdes at 1 jLg/ml concentratIOn
stImulated the growth of St r mutant :lnd wIld type whIle lmdane alone at 1
jLg/ml concentratIOn mhIbIted the growth of CAMr mutant However, at
hIgher concentratIons (5 and 10 jLgfml) all the InsectICides IIlhlblted tbe growth
of both the mutants and wIld type (Table I)

Influence of different InSectICides on the ASP and WSP produced by CAMr
and Str mutants and wIld type Rhizobium spp IS gIven 1ll Tables II and III
Although all the msectlcIdes at the three concentratIons mhlbIted the ASP-
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productIOn, the mhlbltlOn was more pronounced at hIgher concentratIons (5 and
10 j,Lg/ml) All the InsecticIdes at 1 j,Lg/rnl concentratIOn promoted the WSP
'Production III both tht> mutants, however, at the same concentratIOn sevlll and
carbofuran alone stImulated the pioductIOn of WSP III wild type All the
msectlcldes at 5 and 10 j,Lm/ml concentratIOn Invanably mhlblted the WSP 111

both the mutants and wIld type

In the presence of different IllsectIcIdes (at 1 mg/ml) the monOJl1enc sugar
umts of the polysaccharIdes produced by the mutants and WIld type consisted of
both he"{oses and pentoses However, til the absence of any of the InsectIcIdes
the monomerIC sugal unIts produced by wIld type consIsted only of hexoses
(Table IV)

RhIzobIa Me known to be greatly Influenced by a vast array of pestIcIdes
(GIll berg, 1971 , MIsra and Gaur, 1972) While all the msectlcldes at 1 j,Lg/ml
concentratIOn promoted the growth of Str mutant and WIld type, Imdane alone
mhIbited the growth of CANr mutants Magu el al (1974) reported that
lIndane at 1 ppm promoted the nodulatIOn of Clcer Glletlnll/l1 whIle at hIgher
concentratIOns nodulatIOn was InhIbIted

The extra-celluar polysaccl'andes of the rhIzobIa are ImmunologIcally
specIfic blopolymers that permIt ImmunologIc:!l dIfferentiatIon between vanous
cross-moculatIOn gIOUpS All the InsecticIdes at 1 J-Lg/ml concentratIon
mhibIted the productIOn of ASP but not the productlOn of WSP SensItIVIty
of dIfferent rhlzobl-t III carrYlUg out different metabolic processes are known to
be affected by vanous fungI-statIc substances (Mukewar and BhIde, ]969) and
metabolic lllhIbltors (Schwmghamer, 1968) Apparently differentIal mhibitlOn/
stImulatIon of growth and polysacchande productIOn of both the mutants and
WIld type by dlfferent lllsectIcides at dIfferent concentratIOns observed III the
present study IS a reflectIOn of the degree of sensItIvIty of dIfferent rhIzobIa to
dIfferent IDsectlcldes Further Obhsami et al (1974) reported that the
actIvIties of rhIzobIa are greatly Influenced by the chemIcal nature of the
III sectlcides

Aibershelm et aT (1969) reported that the speCIfiCIty of RhIzobIUm -legume
symbIOsIS could be attnbuted to extracellular polysaccharIdes of RhIzobIum
because sugar contallllOg molecules were ulliquely sensItIve III 'recognIzlDg'
dIfferent protems The qualItatIve dIfferences til the polysacchandes produced
by dlffrrent rhizobid have been elUCIdated by many workers (ZevenhUlzen, 1971 ,
Hepper, 1972) EssentIally the constItuent monomerIC sligar unIts of the polysac­
charIdes produced by both the mutants and wrld type III the presence of any of
the lOsectlcides (1 JLgJml) consIsted of both hexoses and pentoses However, In

the absence of any of the lllsectIcides the monomenc sugar umts of the polysac_
charides produced by WIld type consIsted only of hcxoses Indicatmg a shIft 10
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the pathway of synthesis of the polysaccharides in the wild type and not in
either of the mutan'ts. Jayachandran and Balasubramanian (1977) reported a
shift in the pathway of synthesis of polysaccharides in the presence of some-

.phenolic compounds in Rhizobium /eguminosarum.

Notwithstanding the differences in tbe growth and polysaccharide produc-­
tion of, the two mutants further investigations on the effect of these insecticides
on the Rhiiobium-Iegume symbiosis in vivo will throw more light on the
applicability and utility of these two mutants in assessing the contribution or­
inoculated rhizobia in the soil.
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Effect of PestICIdes on the Growth, IAA ProductIOn and I

N adulatIOn by a Rhizobium SpecIes

A BALASUBRAMANIAN Al\D T SEKAR

Microbiology Laboratory, Tamil Nadu Agncultural Umverslty, COImbatore-3

ABSTRACT

The effect of aldlcarb, fensulfothlOn (Dasamt) and dlsulfoton (Dlsyston) on the
growth, mdole acetIc (lAA) productIOn and nodulatIOn by a species of cowpea RhIzobIum
(P-47) were studied under controlled conditions Aldlcarb and dlsulfoton adversely
affected the growth of tbe RllIzoblUm sp at 5 ppm and 10 ppm concentratIOns dunng 72
hr growth period, while stimulation 10 growth was observed III cells treated With fensul­
fothlOn Not only the IAA productIOn potentIa I of the Rhlzobl/l/n Isolate was adversely
affected 10 presence of the pestiCides but the number of nodules III cowpea plants grown
m SOIl treated WIth the pesticides (at 10 ppm level) were also conSiderably reduced, the
adverse effect bemg more with fensulfothlOn and dlsulfoton

INTENSIVE agTlculture warrants repedted applIcatIOn of large quantIties of
'PestICIdes for plant protectIOn, the reSIdues of WhICh accumulate III soIl These
reSIdues, suffiCIently persIstent III SOlI, are apt to come mto dIrect contact WIth
SOIl nllcroorgamsms ConSiderable InformatIOn IS avaIlable on the effect of
certaIn pestICIdes on the metabolIc actIVItIes of Rh,zobmm (OblIsami et al ,
1973, Balasubramaman and Glta NIlakantan, 1975, 1976 a and 1976 b)
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There are also reports to indicate the effect of such resIdues on the symbIotic
effectiveness of the Ihlzob:a m thel~ host plants (Kulkarni et at, 1974 and
Chendrayan and Prasad, 1976) The present report deals with the effect of
three commonly used pesticides VIZ, aldlcarb (TemJl~), fensulfothlOn (Dasalllt)

and dlsulfoton (Dlsyston) on the growth, mdole acetic aCid (IAA) productIOn
and nodulatIon by a RhizobIUm sp under In Viti 0 condltlOm

rvIATFRIAL AND METHODS

MeaSUIemelzt of the growth of the RhizobIUm sp The Rhzzoblum sp an
Isolate flOm blackgram (Phaseo/us mungo L) was grown m malt extract medIUm

(K 2HPO i 0 5 g, MgS0 4 7H2 0 0 2 g, NaCI 01 g, Malt extract (Dlfco) 100 g,
yeast extract 109 and distIlled water 1000 ml wIth pH adjusted to 681,
(Iswaran and Jauhn, 196..9) for 72 hr In a rotcry shaker Calculated quantItIes
of the .,tock soJutlOl1S of the technIcal matenal<; of the pestIcides, aldlcarb
[2-methyl -2 (methyl th10) propmaldehyde-O-methyl cJfbamoyl ox;me], fensul­
fOlhlOn (0,O-dJethyl-0-4, methyl sulphmy1 phenyl monothlOphoshate) and
dlsulfoton [O,O-dlethyl-S....2 (ethyl thlO) ethyl phosphorodlthloate] were trans­

ferred to 99 ml of malt extract broth to obtam a final concentratton of 2, 5
and 10 ppm of the pestIcides, and llloculated WI th 1 ml of 72 hr old culture of the
RlllzobJUJ11 sp before the flasks were Incubated at 28±2 c C III J. rotary shaker
Appropriate controls were mallltamed and the tteatment~ \\-ere dupltcated The
growth of Ihe orgJ.ll1sm was penodlcally determll1ed for a perIod of 72 hr III an
Erma Photoelectric colonmeter usmg a blue filter (420 nm) (Balasubramanmll
and Glta Nilakantan, 1975)

EstzmatlOn of fAA productIOn by the RhizobIUm sp Malt extract medIUm
(99 ml) contaInIng 0 1 per cent L-tryptophan was maculated WIth one ml of a 72
hr old culture of the organIsm along with 0, 2, 5 and 10 ppm of aldlcarb,

fensulphothlOn and dlsulfoton as descnbed above Each treatment was replIcated.
tWice After 3 days lncubatlOn on a rotary shaker at 28 ±2°C the cells were
harvested by centrifugation and the cell free supernatant was used for the
quantltatlve estlmatlOn of IAA, folloWIng the method of Chandramohan and
Mahadevan (1968) The IAA III the supernatant was also Identtfied chromato­
graphIcally USing n-butanol acehc aCId water (4 1 1 vIv) as the solvent
system and Salkowskl reagent as spray reagent

DetermmatlO'n of nodulatzon. Circular mud (pots of 121/ dIameter, filled
wIth garden land SOlI and farm yard manure were stenhsed at 20 pSI for 2 hr
Granular formulations of aldlcarb (Temlk 10 G), fensulfothlon (Dasamt 10 G)
and dlsulfoton (Dlsyston 5G) were added at the rate of 10 ppm of a I of the
chemIcals and mIxed thoroughly Cowpea seeds, coated with equal volume of a
thIck suspensIOn of the Rhzzobzum sp were sown 10 the soIl at the rate of SIX

seeds per pot and five replIcatIOns for each treatment were mamtalned The
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pots were watered regularly and the plants were carefully removed 45 days after
SOWIng the roots washed under runnmg tap water and the number of apparently
effectIve nodules were counted

RESUL1S AND DISCOSSlON

Results on the mfluence of the three pesticides on the growth of the
Rlllzoblum sp are presented III Fig 1 Although aldlCarb was stImulatory at 2
-ppm concentratIOn, the 5 and 10 ppm levels mhIblted the growth of the orga­
nism WhIle fensulfothlon appealed to stImulate the growth of the RhIzobIUm

sp at all the thlee levels, dlsulfoton adversely affected the growth of the
organism, the maximum suppressIOn beIng recorded wIth 10 ppm concentratIOn
of the pestlclde All the three concentratIOns of aidicarb, fensulfothlon and
disulfoton decreased the IAA synthesIsIng abilIty of the orgamsm, the reductIOn
bemg maximum with 10 ppm of fensulfothron (T<\ble I) The pestIcIdes Slglll­

-ficantly reduced the number of nodules per plant dnd the rectuctlOn was maxImum
WIth dasamt and dlsyston (Table 1I)

TABLE I

Effect of pestrcrda on 1IIdoieacetlc aCid (fAA) productIOn by the RhizobIUm sp

IAA produced (mg/IOO ml medIUm)
Treatment

No pestICide (control)
2 ppm
5 ppm

10 ppm

Aldlcarb

9 188
8125
8813
8750

TABLE II

FensulfothlOn

9188
6688
7750
4000

Dlsulfoton

9138
7625
7813
7750

Effect of SOIl, applIed pes/lcldes Drl llodulatlOn In cowpea plams by the RhIzobIUm sp

TreatmentI _

No pestICIde (control)
Teullk 10 ppm
DasaOlt 10 ppm
Dlsyston 10 ppm

*Values r~present me,lO of five Iephcatlons

*Nodule number/plant

3254
2896
1440
1946

InhibItiOn of the growth of the RhIzobium sp at 5 and 10 ppm levels, but <l

stimulatIOn at 2 ppm concentratIOn, IS III agreement WIth the earlIer reports of
Balasubramaman and Glta NIlakantan (1975, 1976a and 1976b) Stimulatory
effect on the growth of the Rlllzoblllm by the pe~tlclde~, as III the present case
of fensulfothlOn, IS not uncommon (Gupta and Sud, 1971) The observatIOns
on the lllcreased mlllbltlon of dl~ulfoton With Increasmg concentratIOns of the



 
chemical also corroborated with the eatlier reports of Oblisami et al. (1973).
The reduction caused in the TAA proquction potential of the Rhizobium sp. by
all the thn:e pesticides is in conformity with the observations of Balasubramanian'
and Gita Nilakantan (1976b) with R. japonicum and aldicarb. Such an inhi­
bition of the IAA production potential of the organism by the pesticides and
a reduction in the mean niJmber of nodules formed in the cowpea plants raised
in the pesticides treated soil, suggests a positive relationship between the IAA
production potential of the Rhizobium and its symbiotic efficiency. A positive
correlation between the IAA production ill vitro and symbiotic efficiency of
rhizobia has already b~en brought out by Vidhyasekaran et al. (1973). Similar
reduction in the number of nodules in bean roots due to treatment with 30 to 40
ppm of Temik and with 50 ppm of the chemical in clover have been reported by
Gawaad et al. (1972). Kulkarni et at. (1974) observed significant reduction in
the nllmber of nodules in groundnut plants raised in soil treated with dasanit.
Disyston has also been reported to decrease the nodule number in ground nut
plants at 200 ppm, though an increase in the same was reported due to 12 ppm
of the ch~mical (Prasad and Ramani, 1976). However, the mode of action of
these pesticide residues in soil on the IAA synthesis in vitro of the Rhizobium sp.
and its symbotic effectiveness, remains to be demonstr3ted.

The authors are thankful to the International Atomic Energy Agency, Vienna, for their'

financial assistance.
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lnfluence of Soil Applied Pesticides on the Translocation of Foliar
Applied He-Glucose to the Root Nodules of Vigna sinensis L.

A. BALAsUBRAMANIAN AND T. SEKAR

Microbiology Laboratory, Tamil Nadu Agricultural University, Coimbatore-3

ABSTRACT

The influence of soil applied pesticides, viz., Temik (aldicarb), Dasanit (fensulfo­
thion) and Disyston (disulfoton) at 10 ppm level on the nodulation and translocation
of foliar applied 14C-glucose to the root nodules of cowpea (Vigna sinensis L.) was
examined. Although, the number of nodules per plant and the weight of nodules
decreased in presence of the pesticides in the soil, the specific activities of 14C
translocated to th~ nodules were enhanced significantly, as compared to the untreated
control. Soil application of dasanit (at 10 ppm) mobilised maximum 14C-radio activity
in the root nodules. While a major portion of the absorbed radio activity remained
in the shoot, the percentage of 14C-radioactivity translocated to the root nodules was
more than that incorporated in the root tissue, in all the cases.

LARGE quantities of pesticides find their way into the soil due to intensive plant
protection schedules for the control of pests and diseases. Influence of such
soil applied insecticides and nematicides on the symbiotic, nitrogen fixing
rhizobia and the host plant have been brought out by several workers (Gawaad
et al., 1972; Pareek and Gaur, 1969 and 1970; Balasubramanian et al., 1974;
Kulkarni et al., 1974). Information on the effect of these pesticidal residues
in soil on the translocation of photosynthates to the root nodules in leguminous
crops is very meagre. The present paper gives a preliminary account on the
influence of certain soil applied insecticides viz., Temik (aldicarb), Dasanit
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.. (fensulfothion) and Disyston (disulfoton) on the translocation of foliar applied
=radio active (HC) glucose to the root nodules of cowpea (Vigna sinensis L.)

MATERIAL AND METHODS

Cowpea plants (Vigna sinensis L.) were raised in mud pots with sterilised
_gardenland soil containing 10 ppm concentration of Temik (10 G), Dasanit and
Disyston and the treatments were replicated thrice. To 70 day plants, uniformly
labelled (l4C) d-glucose was applied on the leaves. An aliquot of 0.5 ml of
radioactive solution of 0.5 microcurie per ml was applied to five plants in each
pot using an automatic microsYringe. The plants were left for 48 hr after

o,the foliar treatment and then removed without damaging the root system and
washed under running tap water.

Determination of nodulation and dry matter production: The root nodules
.of each plant from different treatments were counted and the fresh weight
-of the nodules was recorded. The shoots and roots of the plants were separated
and the dry weights were recorded.

Determination of radioactivity in the plant samples: Two to three large
-pinkish nodules were selected at random and placed in an aluminium planchet,
crushed well with a glass rod and dried under infra red heat. The radioactivity
'was monitored in a gas flow Proportional Counting System (Electronics Corpora­
tion of India Ltd.,) and the specific activity was calculated based on the dry
'weight of the nodules from each treatment.

The dried root and shoot samples from each treatment were powdered
:and sieved through 1 mm sieve. A known quantity of the root or shoot sample
'was placed on a planchet to which few drops of distilled water were added and
then dried under infrared heat so that the powdered sample formed a cake
·on the planchet. The radioactivity was monitored and the specific activity
calculated as described above.

RESULTS AND DISCUSSION

The residues of Temik, Dasanit and Disyston were found to reduce both
"the number of nodules per plant and the fresh weight of nodules (Table I).
Significant reduction in nodulation of bean roots was noticed due to 30 to 40
'ppm of Temik and due to 50 ppm of Temik on clover roots (Gawaad et aI.,
1972). Kulkarni et al. (1974) reported significant reduction in the n'umber

-of nodules in groundnut plants raised in soil treated with Dasanit. Soil
incorporation of the pesticides resulted in reduction of dry weight of roots,

,except in dasanit, where an enhancement in the root. weight was observed
,(Table II); however, all the pesticides increased the dry weight of shoot. -
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TABLE I

Translocation offoliar applied (14C) glucose to root nodules as influenced by soil

application of the pesticides

'freatment

No pesticide (Control)
Temik 10 ppm
Dasanit 10 ppm
Disyston 10 ppm

*Nodule number
per plant

56.66
44.58
40.50
3625

*Nodule weight
(mg!plant)

266.41
209.91
179.50
163.00

14C-specific activity in
root nodules (Counts!

100 sec!l 00 mg dry
tissue)

120±1l.7
1l5±15.7
321 ±1O.6
261 ± 7.3

$Data represent the mean of 12 plants

TABLE II

Specific activity of 14C-gltl€:ose translocated to root and shoot ofcowpea plants

as affected by the pesticides applrcatioll

a - ...-... u aU
a 0'" o ~.... 0'" u"<::o % radioactivity translocated to'- u .... o '-0 ___

:5 c8 C a .-.. <.:: "'0 »
Treatment .1: i:: .- c::_ """0·.... --"'0 ~.-"'in-o Nodules Root Shoot~.s ~=:L~ en,..... - '"~ ~ o...c- en .........

»..::: cr"> § E ~ ... 0. 'f';;: § E '"
.... 0Il "'i:t" 0':::: 00 r.J]

~c~ v"= 00 ~08 U ~~S·= 0..8 a ug~~E.~ ~ ". '" '-'

N~ pesticide 311.80 24±U.3 1236.3 355±14.3 6.69 1.57 91.74
(Control)

Temik 10 ppm 248.00 55+ 4.0 1330.0 298+22.4 7.33 3.07 89.60
Dasanit 10 ppm 368.10 35+ 4.0 2186.8 254+14.9 9.20 2.06 88.74
Disyston 10 ppm 294.80 20±15.9 1472.1 278±14.1 9.33 1.29 89.38

*Data represent the mean of 12 plants

The results indicated that a major portion of the 14C-glucose applied on the
foliage remained in the shoot of the cowpea plants. However, considerable
portion of the radioactivity translocated to the roots was incorporated into
the root nodules. The pesticide residues caused marked variation in the
rad,ioactivity translocated to both the nodules and roots of cowpea plants.
Temik and Dasanit increased the translocation of HC-glucose to root system
whi)e Disyston decreased the same. Accumulation, of more radioactivity in
the ,nodules of the treated plants possibly indicates an enhanced metabolic
actiyity inth~ nodular tissues. The significance of such enhanced assimilation
of foli_~r applied. glucose in the n.odular tissues on the nitrogen fixation is yet

. to be~xplored.

- I

'Tbe authors are thankful to the International Atomic ,Energy Agency, Vienna, for-
financial support.
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Use of D1folatan and N Itrofix R 1 CultUle as a Seed Treatment
on Groundnut and theIr Effect on GermmatIOn,

Nodule FormatIon and YIeld

V AGNIHOTRUDlJ AND S C TRIPATHI
RallIs India LImited Fertilizers and Pe<;tlcldes DIVISIOn, Rand D LaboratorIes, Bangalole-560025

DIFOLATA" (Captafol) as an effective seed tleatment for controllrng the root rot
caused by Macrophomllla phaseolz On groundnut under field conditIOns IS reported
by Shanmugam and GovlI1daswamy (1973) and alfa root disease ot grol'ndnut
caused by Aspelglllusjfol'/lS by AUlla et at (1975) Increase In germmatron as
well as hIgher yields of kernel was noticed by these lilvestrgcltors by usmg
Dlfolatan Jackson (1965) Ieported that Dlfolatan was one ot the best amongst
the funglclde~ trIed for controllIng the develoment of pod rnfectlllg orgamsms on
groundnut Papavlzas dnd LeWIS (1975) reported captafol seed treatment havmg
gIVen effectIVe contI 01 of FUSGlIUl11 solam on bedn The effect of D.folatan cdptdfol
Cls-N-(l, I, 2, 2-tetrclchloioethyJ thlO)-4-cyc1ohe'{ene~1, 2-dlcarboXID11de) seed
dress~r on lOOt nodule formatIon m groundnut was stu01ed 'n a field tTlal

Groundnut vanety Sulamlt (60 days old <;eed) receIved flom Pondlcberry
and from GUJarat (140 day old seed) and S-203 were used III thiS tnal Sulamlt
frequently gave pOOl germmatlOn because of infectIOn caused by AspelgllIus and

I Ralh~ NJtloft" R IS the trade name for RllizobwlII mcol poraled In Itgntte base plOd.\lced by

RallIs India Ltd. Rand D Laboratolles
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Rhizoctonia sp. Before sowing the seeds were dry treated first with Difolatan"
80W at 3 g{kg and pelleted with CaCOa and the pelleted seed was inoculated
with Nitrofix R (Rhizobium) culture. Ten grams of inoculant was used per kg.
ofgroundnut seed. Germination and nodule counts were taken on 15th and.
60th day after sowing respectively.

Variety 8-203 recorded better germination than Sulamit. Difolatan treated'_
plots recorded better germination than untreated plots especially in variety 8ula-·
mit where seed rot was more. Irrespective of varieties, aU Rhizobium treated
plots recorded mo.e number of nodules than untreated. Sulamit recorded 3·
times higher pod yield than 8-203, whereas the latter had not shown any remarka_.
hIe difference in yield between the treatments. Sulamit (new seed) had recorded.
more yield in a case where Difolatan was used. Rhizobium treatment in 8ulamiL
(old seed) gave more yield than untreated control (Table I). Groundnut which·.

TABLE I

Effect of Difolatan and Nitrofix on groundnut

Germination Av.No. of Yield
Treatment % nodules{ in

plant q/acre

Sulamit new seed+ Difolatan (seed treatment) 95 52 32.0

Sulamit new seed+Difolatan+Nitrofix'R (seed treatment) 71 41 22.7

Sulamit new seed+Nitrofix R (seed treatment) 54 17 21.4

Sulamit new seed (no treatment) 64 16 23.9'

Sulamit old seed+Difolatan (seed treatment) 21 37.5 22.0'

Sulamit old seed+Difolatan+Nitrofix R (seed treatment) 59 24.5 16.0'

Sulamit old seed+ Nitrofix R 16 19 33.1

Sulamit old seed (no treatment) 15 16 26.7'

8-203 + Difolatan (seed treatment) 90 19 8.8

8-203 + Difolatan+ Nitrofix R (seed treatment) 97 23 10.8

8-203 + Nitrofix R (seed treatment) 9S 28 10.4

8-203 (no treatment) 91 25 11.5

belongs to the cowpea cross inoculation group nodulates well in almost all the"
soils surveyed for nodulation so far (Gaur et al., 1976>' Groundnut also shows-­
promiscuity towards Rhizobium for nodulation and even if the nodulation noticed ..
in these trials was due to native Rhizobium strains. the results showed that.
Rhizobium was not adversely affected by Difolatan treatment.

The authors are thankful to Mr. K. 8. Anantharaman, General Manager, Fertilizers and ~

Pesticides Division, Rallis India Limited, for permission to publish this note.
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A Note on the Effect of Fungicidal S'~ed Treatment on
Rhizobia] Inoculation of Peas (Pisum sativum L.)

H. R. RAGHAVA REDDY, GlTA MAHALINGAN AND R. B. PATlL

Department Agril. Microbiolgy, University of Agril. Sciences, GKVK, Banglore-560 024

PEA is susceptible to "several fungal di~eases such as downy mildew, leaf rust
and damping off. TIle fungicides recommended for the control of these diseases.
are captan, D ithane-M45, Morestall and sulphur. Mukewar and Bhide (1969)
have shown that fungicides did not affect the nodulation to any significant extent
when used at normal doses in case of groundnut. Balaraman and Prasad (l973}
and Sardeshpande et al. (1973) also reported the similar effects of fungicides on
nodulation in groundnut.

Tl1e influence of fungicidal treatment with Captan and Dithane M....45, and
rhizobial inoculation of peas on nodulation and nitrogen. fixation is presented
in this note.

Commercial grade capUm (N-trichloro-methyl-thiotetrahydropthahimide}
and Dithane M~45 (Mn Zn ethylene 1.2 bisdithiocarbamate) were employed.
Two rhizobial inoculants UASB-IOI and UAS composite (consisting of four local
isolates.of rhizobia and UASB~lOI) were used for seed treatment. The field
trial was laid out in randomised block design with three replications in each,
treatment at G.K.V.K. farm of University of Agricultural Sciences, Bangalore·
The plots of 3m x 4 ill size were prepared. Basal. dressing of 60 kg P 20 S and
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45 kg K20 per ha was given. Bounville variety of pea which does not
require staking was selected and after seed treatment it was sown with a spacing
,of 30 x 8 cm. The seeds were first treated with fungicides and then with the
Rhizobium control consisted of seed not treated with either the fungicide or
Rhizobium. Observations on the number and dry weight of nodules and dry
weight of plant tops were taken six weeks after sowing. Harvesting of green
pods was done in three pickings starting from nineth week at weekly intervals.

Maximum noduJtion was obtained with composite culture followed by
UASB-lOI in combination with captan, while the dry weight of nodules was
more with composite culture and UASB-lOl pills fungicide combinations.
There was not much significant difference in dry weight of plate tops. Here again
the composite culture proved to be superior, while UASB-IOI gave lesser weight
than the control (Table I). The yield data showed that there was a reduction
in the yield when UASB...,101 was used alone. Of the two fungicides used,
Captan was more efficient as compared to Dithane M-45 as it increased the pod
yield by 36 pef cent in combinthm with both VASB-10 1 and the composite,
inoclllants (Table II).

TABLE I

Effect of fungicidal seed treatment and rhizobial inoculation 011 nodl/latioll
of pisllm sativum

No. of Dry weight Dry weight of,
Treatment nodules of nodules plant tops

(mg) (g)

'Cotrol 88 139 3.493
UASB-lOI 85 112 2.810
UASB-lOJ + Captan 109 149 3.103
UASB-I0J + Dithane 94 168 3.163
'Composite 130 159 4.190
'Composite + Captan 63 91 3.507
Composite + Dithane 65 106 3.430

TABLE II

Effect of frmgiddal seed treatment and rhizobial inoculatioll 011 the pod yield of

Psium sativum

'Treatment

'Control
UASB 101
UASB-I0l + Captan
UASB-I01 + Dithane
'Composite
Composite + Captan
Composite + Dithane

Pod yield
(q/ha)

29.49
24.48
40.26
35.27
32.27
40.18
36.73
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%increase over
uninoculated control

36.52
19.59
9.42

36.24
24.55



 
Nodule number was not related to the yield. The dry weight of plant tops

was related to the yield. The present result are in conformity with the earlier
report~ of Mukewar and Bhide (1969), Ba1araman and Prasad (1973) and
Sardeshpande et al. (1973).
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Effect of Lasso and Tok E-25 on Rhizobium-Greengram Symbiosis

G. JEGANATHAN, S. JAYACHANDRAN AND C. V. GOVINDASWAMY

Department of Biology, Agricultural College and Research Institute, Madurai-625 104
Tamil Nadu

ABSTRACT

Of the two herbicides Lasso and Tok E-25 tested at three different concentrations
only Lasso at 0.5 kg ai/ha stimulated rhizobial population, N 2 content of soil and
yield of pods. All the other treatments in general exerted inhibitory efTect on all the

above mentioned characters.

AGRICULTURAL soils are the ultimate recipient and depository of most applied
foliar and soil pesticides and the pesticides thus used for plant protection
influence both microbial and plant prodivities (Kearney et al., 1967; Morris
and Penney, 1971; Sahrawat, 1975). Notwithstanding the abundance of
information on the establishment nodule formation and N z fixation of different
rhizobia (Vincent, 1974) the effect of different herbicides on various biological
processes of 'native' and 'introduced' rhizobia is poorly understood. More
often the herbicides proved to be deleterious to the soil microorganisms and
particularly to the root nodule bacteria (Fletcher et at., 1957; Lakshmikumari
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et al , 1975) The effect of two herbicides, Lasso and Tok E-25 at dIfferent
concentratIOns on R!l/zob,um greengl am symblOsl~ IS reported 111 thIS paper

MATERIAL AND METHODS

Mud pots of 45 cm dIameter at the top and 45 cm height were filled with
10 kg of an dned red sandy loam sOil Two herbIcides VIZ, Lasso and Tok
E-25 were applIed In the form of a fine mist at the rate of 0 5, 1 0 and 1 5 kg
aljha The SOil mOisture was kept at approxImately 60 pel cent water holdlDg
capacity wIth tap watel SIX C02 greengram seeds either treated or untreated

wIth appropfldte Rhizobium were sown m each pot On the 9th day they were
thmned to three plants per pot Three rephcdtes were kept 111 each treatment.

The most probable number (MPN) of RhizobIUm from each treatment on
48th day was estimated from the serially dIluted suspensIOn of rhlzosphere sOlIs

by plate dIlutIOn count method (Clark, 1965) All plants III different treatments
were removed when they were 48 days old takmg care to retaIn maXImum
number of nodules IOtpct WIth the roots The total l1umbel of nodules III each
plant was counted and recorded The dry weight of nodules and plants were
determIned after oven drymg at 101°C for 24 hrs The vield of pods m each

plant under different treatments were also recorded Tota! mtrogen of plant
and sod was determmed by micro-kJeJdahl (Bremner, 1960) and macro-kJeldahl
(Piper, 1950) methods respectIvely

RESULTS AND DISCUSSION

The data on the effect of two dIfferent herbICIdes at varymg concentrations
on nodulatlOn and other character'> of greengram treated WIth rhizobIUm ('mtro­
duced') are set out III Table I All the treatments except Lasso at 0 5 and 1 0 kg

TABLL r
Effect of herbiCides on /lodulatlOll and other plant characters of greengram treated

With RhizobIUm' mtroduced'

CODcen- Rh,zobIum No of Wt of Drywt NItrogen Nitrogen No of
Treatment trauon populatIOn nOdules/ nodules of plants content of content pods/

(kg/al/ (x105/g of plant (mg/ (g/plant) plants of SOlI plant
hal SOlI plant) (%) (%)

Lasso 05 1405 1800 21667 224 218 095 13 66
Lasso 10 1293 1533 17167 1 98 207 073 11 33
Lasso I 5 12 37 1433 15000 1 61 1 95 071 1066
Tok E-25 05 1266 11 67 14933 210 240 087 11 00
Tok E-25 1 0 11 8R 1100 15000 1 84 202 084 966
Tok E-25 1 5 11 DO 900 77 33 1 68 200 016 10 00
Control 13 27 1467 25500 2 13 219 091 1233
CD at 5% 0205 065 625 o 08 004 001 1 15
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altha mhlbIted the numbel of nodules formed The weIght of nodules was
found to be less t~an that of the control III all the treatments Exceptmg Lasso
at 0 5 kg al/ha all other tteatments InhibIted dry wdttel productlO11, N~ content
of sOil and pod Yield However, Tok E-25 at 0 5 kg al/ha exerted a stImulatory
effect 1U respect of N 2 content of plants only

The effect of two herbIcides at dIfferent concentl atlOns on nodulelhon and
other plant characters of greengram untreated Wlt11 Rhlzobmnl ('native') IS gIven
m Table II All tbe hel blcIdes at dIfferent concentratIOns tested SIgnificantly

TABLE II

Effect of herbIcIdes on nodulatIOn and o/hel plant characten of greengram
untreated wah RhizobIUm 'natIve'

Concen­
'Treatment tratton

(kg/al/ha)

No of
nodules!

plant

Wt of Dry wt of
nodules plants

(mg!plant) (g/plant)

Nitrogen Nitrogen
content of content of
plants (%) sOil (%)

No of
pods!
plant

Lasso 05
Lasso 1 0
Lasso 1 5
Tok E-25 05
TokE-25 10
Tok E-25 1 5
Control
C D at 5%

400
300
I 00
467
2 00
1 00
631
065

11167
4867
1500

10833
4600
1200

10700
625

207
195
1 50
208
J 84
162
210
008

1 81
182
1 76
202
196
190
1 85
004

072
055
051
072
062
057
075
001

10 66
10 00
966

10 33
10 00
966

10 66
1 IS

InhIbIted nodulatIOn and N 2 content of sod However, Lasso and Tok E-25
at 0 5 kg al/ba neIther stimulated nor 10111blted the weight of nodules, dry
matter productlon and pod yIeld and were on pdr with control Tok E-25 at
all the three concemratlOns lllcle?sed the N 2 content of plants

Most often the effectiveness of the herbicIdes applIed to the soIl ale governed
by many lllstnl1SIC factors VIZ, concentratIOn of the herblclde~, tIme of applt­
catIOn, agro-chmatlc conditIOns etc (Alexander, 1961) Some of the herbi­
Cides that gIve very good control of weeds when appIJed 111 legumes 111 addItIOn
to exertmg hazardous effects on the rhIzobIa, often prove to be phytotOXIC eIther
on the standIng crop 01 on the succeedmg crop or on both However Rankov
et at (1966) and Yogeswara Rao ef al (1973) reported that herbICIdes If
applied at lower COllcentr~tlonse'(hIblt 'auxlll-hke' effects both Oll the Rhrzoblllm
as well as on legume plant

DIfferential stImulatIOn or JnhlbltlOll of Rlllzoblum to vanous herblClde~ IS

dtrectly correlated \\Ith thell senSItiVIty or resistance to respond to the herbi­
CIdes III questIOn (Kearney er al 1967) Lasso alone at 0 5 kg al/ha stimulated
the RhizobIum populatIOn m Sal] (Table I) L kshmlkuman et aI, (1974) and
Tewfik et al 1975 ellso reported that applt"atlOn of Da1apan and DBCB at lower
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concentrations stimulated Rhizobium meliloti and leguminosarum, respectively·.
The stimulation of nodule formation, increase in the dry matter production,
enhanced N 2 content of s·oil and increase in pod yield observed in the present
study when Lasso was applied at 0.5 kg ai/ha is in conformity with the findings
of Rethinam et al., (1974). With respect to Tok E-25 the results frem the­
present studies corroborated the findings of Rethinam et al., (1974).

More often than not the 'native' rhizobia present in the soil prove to be less.
efficieient in fixing atmosphere N z (Brockwell and Dudman, 1968) and more
susceptible to different herbicides (Avrov, 1966) and this might explain the poor
performance of the 'native' rhizobia in the presence of different herbicides om
nodulation and other parameters of greengrams.

The production of indoleacetic acid (IAA) by Rhizobium both in vitro and
in vivo from an exogenous tryptophan has been unequivocally proven by many
workers (Rovira and Mc Dougall, 1967). The interaction of Lasso (0.5 kg
ai/ha) with the inoculated Rhizobium has significantly yielded better nodulation,
more dry matter production and N 2 content of soils than the interaction of Lasso·
(0.5 kg ai/ha) with 'native' Rhizobium. As suggested by Bovey (1971) the
observed differences might be due to 'hormone-like' activities of Lasso at lower­
concentrations on the 'introduced Rhizobium'. The production of 'hormone~

like' substances in the 'introduced' rhizobia may perhaps be more than in the
'native' rhizobia which in turn is reflected on rhizobial population and other·
plant characters. However, further work on the qualitative and quantative
differences in the growth promoting substances produced due to interaction of
Lasso with the 'introduced' and 'native' Rhizobium is essential.
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Effect of Certam PestIcIdes on the Establu,hment of RhIzobIa

m the Spermosphere and Rhizosphere RegIOns of
Legum1l10us Crops

K SINGARAVADlVEL AND N N PRAS<\D

MIcrobIOlogy DIVISIon, Faculty of Agriculture, Annamalal Umverslty,
Annamalamagar-608 101, Tamil Nadu

ABSTRACT

The effect of certam fungiCIdes, lOsectlcides and herbICides on the establishment of
rhlzobia m the spermosphere and rhizosphere regIOns of groundnut (ArachIS hypogaea

L ), blackgram (Phaseoills mllngo L ) and greengram (P allrells Roxb) was studied
The organophosphorus pesticides, dlsyston and phorate dId not reduce the populatIOns
of rhizobia In spermosphere and rhizosphere regIOns of the three crop species On the
other hand, the fungicIdes, Brasslcol and Ben late and the herbiCIdes, TOK-E 25 and
Matchet have slightly reduced the populatlon levels 10 the spelmosphere and rhlzo­
sphere regIOns of the three crop species Howevel, such a reductIOn In the rhlzobIaI
coloDizatlon due to fungiCides and herbiCides was relatlvely less marked In the spelmo
sphere and rhlzosphere regions of groundnut compared to those of either blackgram or
greengram

THe cololllzatlOn and multIplIcation of RhIzobIum In the spermosphere and
rhlzosphele regIOns are of consldc::rable Importance lD bactenal moculatIOD
The effect of plant protection measures on tile effiCiency of legume-RhizobIUm

symbIOSIS In fixlDg mtrogen has been studIed by several workers (Leonard, J936,
Ebbels, 1967, Pareek and Gaur, 1969, Balaraman dnd Prasad, 1973, OblIsaml
et aT. 1973) The effects of certalll fungicIdes, lDsechcIdes and herbICIdes on
the survIval and multIplIcatIOn of rhIzobia lD the spermospl'ere and rbizosphere
of ground nut (A/GelliS hypogaea L), blackgram (PhaTeosus mungo L) and green­
gram (P aureu.!> Ro x b) are reported lD thIS paper

MATERHLS AND METHODS

The seeds of glOundnut (TMV 4), bJackgram (Co 2) <lud greengram
(AnJugam) were surface sterIlIzed With 0 1 per cent mercuTlc chlonde solutIOn
and washed With several changes ofstenle water They were then treated for
12 hr With respective rhizoblal suspenslOn The treated seeds were drIed m
shade on filter paper The seeds were sown ID stenle soll Incorporated With the
follOWing pestICides
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Fungicides: Brassicol 60WP (Pentachloronitrobenzene), Benlate 50 WP'

(methyl-l-(Butyl carbamoyl)-2-Benzimidazole carbamate).

Insecticides: Disystoll 5G (O,O-diethyl-O-quinoxalinyl (2)-thionophosphate,.
Phorate 100 (0,0-diethyl-5-(ethyl thio methyl phosphorodithioate)

Herbicides: Matchet;"(Butuchloro) = 3 - chloro-2'6' - diethyJ-N - (Butoxy­
methyl)-acetamide. TOK-E. 25-2,4-Dichlorophenyl 4-nitrophenyl ether.

The pesticides were applied at their respective field rates. Brassicol, Benlate
and Matchet were applied at 11 ppm and disyston, phof<;te and TOK-E-25 at
12.9 and 7 ppm respectively.

The spermosphere soil samples were collected at the end of 24 hrs and 72:
hrs after sowing. Rbizosphere soil samples were collected at the end of 7th

. day and 9th day after sowing. The Rhizobium populations were estimated by
serial dilution method employing congo red agar medium (Allen, 1953).

RESULTS AND DISCUSSION

The results on the effect of certain pesticides on the multiplication of
Rhizobium in the spermosphere and rhizosphere regions of groundnut, black­
gram and greengram are presented in Tables I to III.

TABLE I

Effect of certain pesticides on the establishment and multiplication* of rhizobia in
the spermosphere and rhizosphere regions of groundnur

Treatment
Spermosphere

1st day

Rhizosphere.
---

Control (Rhizobium alone)
Brassicol + Rhizobium
Benlate+ Rhizobiuill
Disyston + Rhizobium
Phorate+ Rhizobium
Matchet+ Rllizobium
Tok~E- 25+Rhizobium

*Population in I06/g of moisture fl ee soil.

3.60
3.50
3.32
3.50
3.80
3.40
2.40

7.20
6.80
6.90
7.25
7.10
7.10
6.00

7.84
7.20
6.80
7.00
6.60
7.20
6.72

In all the three crop species the seed inoculated 'Rhizobium sp. multiplied
and colonized in the spermosphere and rhizosphere regions. The organophos­
phorus pesticides disyston and phorate treatments, did not significantly reduce
the colonization of inoculated rhizobia in spermosphe~e and rhizosphere regions·
of the three crop species. Moreover, phorate treatment slightly increased the
colonization of inoculated rhizobia in blackgram and greengram. Similar
Observations were reported by Ramani (1974), when groundnut seeds were
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TABU,. II

Effect of certam pestIcIdes on the establIshment and multlpllcatzon* of rhIzobIa
m the spermosphere and rhlzosphere regIOns of blackgram

Spermosphere Rhlzosphere
Treatment --- -------

1st day 3rd day 7th day 9th day

Control (RhizobIUm alone) 2 00 882 10 52 9 05
Brasslcol+ (Rhizobium) 178 871 828 799
Benlate+(Rhlzoblum) 200 7 19 825 853
Dlsyston+ (RhizobIUm) 1 89 855 10 86 963
Phorate+(RhlzoblUm) I 58 920 II 05 981
Matchet+(Rhlzoblum) 105 666 895 807
Tok-E-25+(RhIzobIUm) 1 40 6 08 807 756

·PopulatlOn 106/g of mosture free SOlI

TABLE III

Effect of certazn pestIcIdes on the establishment and multlpllcatzon* of rhIzobIa
In the spermosphere and rhlzosphere regIOns of greengram

Spermosphere Rhlzosphere
Treatment -------

1st day 3rd day 7th day 9th day

Control (Rhizobium alone) 850 13 05 1508 957
Brasslcol+(RhizobIUm) 808 II 50 13 82 805
Benlate+ (RhIzobIUm) 892 II 85 899 758
Disyston + (RhizobIUm) 860 13 28 1532 827
Phorate+ (RhizobIUm) 848 1502 1655 960
Matchat+(RhizobIUm) 692 952 1023 750
Tok-E-25+ (RhIzobium) 569 923 955 692

"Population In 106/g of mOisture free SOlI

treated wIth RhIzobIum plus Dlsyston or DDT Obhsaml et al (1974) reported
that the nodulatIOn, root length and dry weIght of the groundnut plant was
not affected by the applIcatIOn of four granular msectlcides VIZ, Dasanlto.
Ekalux, Furadan and SoIvuex

In the present study the Brassicol treatment did not markedly reduce the
co]olllzation of moculated rhizobia m spermpsphere and rhizosphere regIOns of the
three crop speCIes Benlate and two herbICIdes, Matchet and TOK-E 25, were
found to SignIficantly reduce the colOnIzatIon of rhizobia In the spermosphere
and rhlzosphere regIOns of the three crop "speCIes Vrany (1975) reported that
Benlate applicatIOn brought about a fall m the bactenal populatIOn 1U the
rhizosphere regIOn However, slgmficant reductIOn was not found with Benlate
treatment m groundnut Balaraman and Prasad (1972) reported that groundnut
seeds when treated With RhIzobIUm plus wet ceresan or captan or thuam dId
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not affect, the multiplIcatIOn of rhIzobia III the rhlzosphere regIon of young­
plant Similar finding was also reported by Ramam (1974) when groundnut
seeds were treated WIth RhIzobIum plus Brasslcol or wet ceresan or Lasso or
TOK-E 25
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Effect of Yellow MosaIC VIrus DIsease on NodulatIOn and

YIeld of Horsegram

P MUTHUKR1SHNAN, M RANc.ARAJAN, P PADMANABHAN AND P V MARAPPAN

Agricultural College and Research Institute, Tamil Nadu Agncultural Umverslty
Madural

ABSTRACT

Eleven vanetIes of horsegram (Dollchos blfloru~ L ) were exammed for the mCldence
of yellow mosaic and Its effect on growth nodulatIOn and yield All the eleven
varieties of horsegram were susceptible to the disease havmg lot of vanatlOn m the
degree of suscepttblhty Vanetles such as BGM, Co I, HPK I were less susceptible
havmg mfectlOn up to 10 per cent, whereas two vanetIes Vl=, HPK 4 and HPK 2
were highly susceptIble havmg the yellow mosaic mfectIon of more than 25 per cent
The VIruS disease reduced the dry weight of the plant by 9 to II per cent, total number
of nodules by 444 to 87 6 per cent and gram Yield by 16 to 21 6 per cent In highly
susceptible vanetles

INCIDENI:E of yellow mosaIC VlfUS dIsease 1D different pulse crops such as
.greengram, blackgram and horsegram is reported to be Widely prevalent 10

Tamil Nadu (Nananl, 1960, Wilhams et aI, 1968) It affects horsegram
(Dolzchos biflorus) and senously reduces the growth and Yield of the plants
(NanaDl, 1960) Ndgalch and Singh (1972) reported that sesbama mosaic
reduced the growth, nodulation and yIeld of Sesbanra and French-beans Nene
et al (1972) reported that the yellow mosaic dIsease caused senous losses to
blackgram and greengram thus reducmg the gram yield of the crop by about 90
per cent under natural conditions Slvaprakasam et al (1974) observed that all the
vanetles of greengram and blackgr'am were susceptible to the yellow mosaic and
the growth was stunted 10 legumes In horsegram the yellow mosaIC ViruS dIsease
appears on young leaves In the form of mild scattered yellow specks or spots.
Irregular yellow and green patches are found alternatmg each other The green
areas are slIghtly raIsed and the leaves show slIght reductIon lD sIze Irregular
leaf lamma IS found and the plant IS greatly dwarred due to reductIon ,Ill leaf
sIze

The effect of the yellow mosaic disease under natural conditIOns on growth,
nodulatIon and yield of eleven varieties of horsegram IS reported III the present
paper
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MA'lbRI<\L Ai\D METHOD~

A field trI,ll was laid out m rabl season of 1976-77 undel IrrIgated condi­
tions III a randomlsed block design with four rephcatlOns havlllg plot size of
5 x 25m The trIal comprIsed of eleven treatments III which the eleven different
vanetles of horsegram such as BGM, Co 1, HPK 1, HPK 3, HPK 4, HPK 5,
Hebbal 1, Hebbal 2, Hebbal 3, HG 76, HG 93, were grown The plants
were allowed at the rate of one plant per hole with spacIng of 30 x 20 cm The
crop was cultivated by adoptmg all the recommended package of pI actIces The
lOcldence of yellow mosaic was first observed on 35th day after sowIng and
later, the observatIOns were recorded on 65th day The number of mfected
plants and healthy plants m a plot were first counted and then the percentage
of mfectlOn was assessed Healthy dnd diseased plant samples were collected
from each plot and observatIOns were recorded to assess the effects on growth
and nodulatIOn Dry weight of the whole plant was taken as d parameter to
assess the effect on growth Total number of nodule~ per plant and the dry
weight of the nodular tissue were considered a~ parameters to as~ess the effect
on nodulatIOn The grams extracted from the pods harvested regularly, were
finally pooled and weIghed and the gram yield per plant was estImated

TABLE I

Effect of yellow mosaic disease all nodulatIOn and yield of horsegram

Dry wt of plant Total nodules Dry wt of nodular Gram Yield!
0 (g) per plant (No) tissue (g) plant (g)
~~ ------- -----

E o~

~~ E::: >, "0 -0 >,
-0

>, '0

~3 -5 01,) >, (,l
~

01,)if.::: '" -5 '" oS -5 ..
0- '" '" '" '""'01,) :=g '" 0 '" u '" " ".... - '" '" '" '" '"0 .... " .... " '" " "::r:~ ;><9 ::r: ti ::r: ti ::r: 6 ::r: ti

-------

Less Susceptible (0-10%)

BGM 68 23 1 229 358 358 04249 04113 121 12 1
Co 1 70 77 75 165 158 01695 01672 101 100
HPK 84 48 48 388 388 04373 04369 46 45

Moderatelv SusceptIble (l0-25%)
HG 76 103 144 144 635 630 06815 06789 5 1 51
HG 93 109 186 186 308 305 03636 03371 56 55
HPK 5 143 50 49 203 200 02517 02518 4 1 40
Hebbal 1 197 53 53 240 233 02635 02623 122 120
Hebbal 3 21 0 54 53 183 18 3 02291 02260 5-9 58
Hebbal 2 237 89 84 270 268 03267 03263 47 46

Hlghlv Susce puble (Above 25 %)

HPK 4 250 83 76 320 180 03735 02494 69 55
HPK 2 280 61 54 360 200 03410 02495 88 99

SE 192 071 071 121 1 01 0018 0013 0034 0035

CD at 5% 554 206 205 348 291 0051 0038 0100 0100

165



 
RE~ULTS A'lJD DISCUSSION

All the eleven VarIetIes of horsegram were susceptIble to yellow mosaIC"
dIsease However, the horsegram vanetles such as BGM, Co 1 and HPK 1
were comparatIvely less susceptible havmg tbe mfectlOll up to 10 per cent The­
vanetIes such as HG 76, HG 93. HPK S, Hebbal 1, HPK 3 and Hebba1. 2
were moderately susceptIble bavmg tbe mfectlOn rangmg from 10 to 25 per cent
But the vanetles such as HPK 4 and HPK 2 were hIghly susceptible showmg.
the mfectlOn above 25 per cent It was found tbat the dry weIght of the whole
plant, total number of nodules per plant, dry weIght of nodular tissue and the
gram yIeld per plant did not vary very much between the dIseased and healthy
plants of the less susceptIble and moderately susceptIble vanetles But
vanetIes of hIghly susceptIble group, such as HPK 4 and HPK 2 were affected
very much III growth, nodulatIOn and YIeld (Table I) In the case of HPK 4
the reductIOns m growth and nodulation were 9 per cent and 87 6 per cent.
respectIVely whrle In case of HPK 2 reductIOns In growth and nodulation were
11 per cent and 444 per cent, respectIvely SImIlarly, there was slgmficant
reductIon III the dry weIght of nodular tIssue YIeld of gram was also reduced
by 16 per cent lD HPK 4 and by 21 6 per cent In HPK 2 These observatIons
are In conformIty wIth the findmgs of NagalCh and SIngh (1972)
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Effect of Different Insecticides on Azotobacter Isolates Obtained

from the Rhizsophere of C4 Plants

S. JAYACHA1'lDRAN, G. JEGANATHAN AND C. V. GOVINDASWAMY

Department of Biology, Agricultural College and Research Institute
Maduri-625 104, Tamil Nadu

ABSTRACT

The effect of different technical grade insecticides viz., lindane, thimet and carbo­
furan at I and 10 j.Lgfml concentrations on the growth, polysaccharide production,
pigmentation and nitrogen fixation of three isolates of Azotobacter obtained from
Brachiaria mutica (Azo. 1), Mollugo sp. (Azo. 2) and Portlllaca oleraceae (Azo. 3) was
investigated. At 1 LLg{ml concentration all the insecticide stimulated the growth of the
three isolates. However at 10 j.Lgfml concentration while an the three insecticides
stimulated the growth of Azo. 2, thimet and carborman stimulated the growth of
Azo. 1. All the insecticides at 1 and 10 j.Lgfml concentration inhibited the alkali-stable
polysaccharide production; all the insecticides at 10 j.Lgfml exerted inhibilitory effect
'on water soluble polysaccharide production. Although at I fLgfml concentration all
the insecticides and at 10'LLgfml concentration of lindane stimulated pigment
production, in all the isolates tested. None of the insecticides at 1 LLgfml
concentration exhibited any marked difference with respect to nitrogen fixation.
However, all the insecticides at 10 j.Lg/ml concentration inhibited nitrogen fixation of
all the isolates.

ALTHOUGH it has become axiomatic that the plants fix CO2 by Calvin cycle,
recent studies have revealed yet another pathway-C4 dicarboxylic acid pathway
in some tropical plants that accumulate more carbohydrates (Zelitch, 1971;
Bhagwat and Sane, 1976). Dobereiner et al. (1972a, 1972b) reported that
Azotobacter associated with such C4 plants are more efficient in fixing molecular
nitrogen presumably by utilising the 'ready-made' carbohydrate meterials
provided by the C4 plants in the rhizosphere region. Soil, ultimately being the
repository of various pesticides, detergents etc., the microorganisms prevalent
in the soil are tremendously influenced by such chemicals (Van Schreven et ai.,
1970; Sreenivasalu and Rangaswami, 1973) and more so the heterotrophic,
free living nitrogen fixing bacteria - Azotobacter (MacKenzie and MacRae 1972.,
Sahrawat, 1975). The effect of some insecticides and the activities of Azotobacter
isolates obtained from different C4 plants are reported in this paper.

MATERIAL AND METHODS

Organism: From the rhizosphere of three C4 plants viz., Brachiaria
mutica, Mollugo sp. and Portulaca oleraceae, Azotobacter isolates Azo. 1, Aza 2'
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and Azo 3, respectively were obtaIned following standard mIcrobIological
techmques (Pramer and SchmIdt, 1966)

Growth studres The variOUS IDsectlcides VIZ, Imdane (gamma BHC 1,2,3,
4,5,6, bexachloro cyclohexane), thlmet [O,O-diethyl-S-(ethylthlOmethyl) phos­
phorothlOlothlOnate] and carbofuran (2,3,-dlhydro-2-2-dimethyl-7 benzo
furanyl methylcarbomate) at I and 10 fLg/ml concentratIon were lDcorporated
mto Waksman 77 medIUm and dIspersed 1D 100 ml quantltles mto 250 m
Erlenmeyer flasks One rol of Azotobacter Isolates In log phase of growth (ca
7 x 109 cellsjrol) was maculated and lllcubated on a rotary shaker 72 hr at
28 ± 2°C The growth of the orgaOlsm was assessed by determinIng the
bIOmass

Estlmatzon of polysaccharzdes Cells were harvested by centnfugatlOn at
3000 x g for 15 mm and the alkalI-stable polysacchandes (ASP) were extracted
follOWIng the method of Hassid and Abraham (1957) and quantIfied usmg
anthrone method (SelewskI et ai, 1974) Water-soluble polysacchande~ (WSP)
were e~t1mated by a modIfied procedure of Damery and Alexander (1969) To 100
ml of cell-free centnfugate 200 ml of acetone were added and after 2 hr at room
temperature (28 ± 2°C) the crude polysacchande was filtered throgh Whatman
No 42 filter paper and the reSidue was drIed at 70°C to constant weIght

PIgment productIOn From the cells harvested after centrIfugatIOn at
3000 x g, pigments were e\tracted and estImated by bOJlmg the cells III 5 ml of II
M KOH for 1 hr anC! adJustmg the pH to 3 0 by the add tIon of 1 N Hel The
volume was made up to 20 m] and the optical denSity measured at 600 nm

Nrtrogen estlmatron The totalllltrogen ID the broth was estimated by
mIcro Kjeldahl metbod (Bremner, 1960)

RESULTS AND DISCUSSION

All the msectIclde:> <it 1 fLgfml CO'lcentratIOn promoted the growth of the
three Isolates ot Azotobacter However at 10 fLgjml concentratIOn while all the
InsectICIdes stimulated the growth of Azo 2, thimet and carbofuran stImulated
the growth of AZQ 1 also (Table I) All the msectlcides at 1 ,ugjml concentra­
tlon mhibited the ASP productlOn but not the WSP production However at
10 ,ugjml concentratIOn all the IOsectlcldes InhIbIted both the ASP and WSP
productIOn 10 all the Isolates (Table II)

WIth regard to the Influence of ddferent IDsectlcides on pIgment productIOn
(Table III) all the InsectIcIde. at 1 fLgjml concentratIOn stImulated pIgment
productIon In the three Isolates However at 10 fLgjml concentratlOn while
lIndane stImulated pIgment productIon 10 all the Isolates, tblmet strmulated
pigment productIOn In Azo I alone The effect of different InsectICides on
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TABJ E III

Effect of different insectIcIdes on pIgment productIOn by Azotobacter Isolates
(Expressed as pIgment produced 10 OD/g dry weIght)

Isolate

Azo 1
Azo 2
Azo 3

Lmdane (fLgfml) Tblmet (fLgfml) Carbofuran (fLg/mI)
Control

10 10 10

405 425 415 420 415 415 405
375 395 380 390 275 415 225
515 520 520 525 325 500 3 10

nItrogen fixatIon of the three Isolates IS qUIte reveahng (Table IV) In that none
of the In~ecticides at 1 fLg/ml concentratIOn exhIbIted any marked dIfference
In theIr mtrogen fixmg capacIty However, at J0 fLgfml concentratIOn marked
InhIbItIOn of nitrogen fixatIOn was observed

TABLE IV

Effect of different insectIcIdes on llltrogenfixatlOn by Azotobacter Isolates
(Expressed as mg of N 2 fixedfg of manmte)

Lmdane (fLgfml) Tblmet (fLgfml) Carbofuran (fLgfml)
Isolate Control

10 10 10

Azo I 240 240 205 235 205 235 205
Azo 2 235 240 200 230 190 230 200
Azo 3 250 250 230 245 200 245 225

SenSItIvIty of Azotobactel to vaClous glOUps of IDsectlcldes has been
reported by many workers (Gaur and MIsra, 1970, MacRae and Celo, 1974
MalhkarJunaiah dnd Bhlde, 1975) The dIfferentIal InhIbItion or stimulatIOn of
growth of three Isolates m the presence of the InSectICIdes at the concentratIons
tested could be attnbuted eIther to the time lag III the adaptatIon of bactena
(Sahrawat, 1975) or to the degradatIOn and utilizatIOn of the lllsectlcides
respectIvely (Kedrney et aI, 1967) However further InVestIgatIons on the
enzymatic an"lysls and the nature of various mtermedlates of pestICIde degrada­
tIOn are warranted

The productIOn of polysacchandes IS dn Important character of aerobiC
TIltrogen fiXing Azotobat-ter At 1 fLgfml concentratIon whIle all the Insecti­
cides stimulated the WSP productIOn, the productIOn of ASP was IDhibited
Sutherland (1972) reported that the quantIty and quality of the polysacchandes
syntheSIsed are governed by many facto! s VIZ, nutntlOnal condItIons, presence
of certam trace elements, genetic character of the strams etc Thu'i tho
dlfferences III the quantity of ASP dnd WSP produced by the three Isolates In

the presence of dIfferent lUsectlcldes IS probably due to the change In the
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phYSIOlogy of the organisms brought about by the Insecticides The degree of
lDhlbitlOn 01 stImulatIon of growth by dIfferent inSectICIdes at varIOUS concen­
tratIOns does not bear any correlation on the productIOn of ASP or WSP In all
the Isolates and thIs IS 1D conformIty wIth the findlllgs of Jayachandran et aJ

(1977) who reported that growth and polysacchande productIOn were not
related wIth each other In A chroococcum

The fact that polysacchande productIOn occurs only wIth those nItrogen
fixers found In soli or plant surfaces but not wIth those In water lends further
support to the VIew that polyo.acchandes <;erve m Impeding the entry of oxygen
mto Azotobacter cells and thus protect the 'oxygen labile' llltrogenase enzyme
(Postgatc, 1974) HIll et aJ (1972) also reported that Delxra cells devo.d of
slIme could not fix molecular mtrogen However, no conclmlVe eVidence IS
avaliable on the role and functIOn of polysacchdndes on mtrogen fixatIon

The productIOn ot a specJi1c pIgment by Azotobacter IS a genetIc'llly
controlled cbardcter (Mulder and Brotonegoro, 1974) Purushothaman et aJ

(1977) reported that the In tensIty of pIgmentatIOn m different Azotobacter
Isolates 0 btamed from C3 and C J plants were dIfferent from each other Further,
the mtroductIOn or deletion of some chemIcals hke copper was reported (Mulder
and Brotonegoro, 1974) to affect pIgment productIOn 10 A chroococcum

One of the fnnge consequences of mtenslve study 011 N 9 fix8tlOn III

Azotobacter IS the recogmtIOn of varIOUS ecologIcal, edaphlc and dgro-c!ImatIc
factors on the magmtude of N g fixed In soIl The mhlbltIon of N 2 fixatIon by
all the InsectICIdes at 10 jLg,'ml concentratIOn IS In conformity With the findmgs
of Sahrawat (1975) who reported the mhIbltlon of N 2 fixatIOn In Azotobacter by
2. 4, 5 T Although lIndane, thlmet and carbofman lllhIblted the growth,
polysacchande productIOn, pIgmentatIOn and N 2 fixatIOn to varymg levels on the
Azotobacter Isolates tested there eXIsted no correlation between (1) growth and
polysaccharIde productIOn (11) growth and pIgmentatIOn and (111) growth poly­
saccharIde productIOn, pIgmentatIOn and N 2 fixatIOn
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Effect of InsectiCIdes on Growth, IAA ProductlOn and

NItrogen FlxatlOn of Azotobacter chroococcum

A BALASUBRAMANIAN AND R NARAYANAN
MICrobIOlogy Laboratory, Tamil Nadu Agncultural Umverslty, COlmbatore-641003

ABSfRACT

The effect of Aldlcarb (2 methyl-2 [methyl thlO] thIO) proplonaldehyde-O methyl
carbamoyl oXime), Dlsyston (dlsulfoton) (0,0-dlethyl-S-2 (ethylthlO) ethyl phosphorodl­
thIOate) and Dasamt (fensulfothlon) (0,0 dimethyl 0-4, methyl sulphmyl phenyl mono­
thlOphosphate) on the growth, mdole acehc aCid (IAA) productIOn and mtrogen fixatIOn
of Azotobacrer chroorocum Bel] were studied In vitro Slgmficant reductIOn m the
growth of the cells treated wIth 5 ppm (normal dose) of the pestiCides was observed
while the effect at 2 ppm level vaned WIth the pestiCIde Not only the IAA production
but the In vitro mtrogen fixatIon was also adversely affected by IDcreasmg concentratIon
of the pestiCides

1NTENSIVE plant protectiOn methods neceSSItate apphcatlOn of large quantIties of
pestiCIdes for the control of pests and diseases of crops Eventhough most of
these chemIcals are known to be degraded falfly qUickly by several SOIl mlcro­
orgamsms, a consIderable portiOn of them remaw III sOIl faT a long penod as
recalCItrant molecules and they are known to accumulate III soli III due course
These lllsectlclde reSIdues on comIng mto dIrect contact WIth the SOIl mlcroorga­
llIsms are likely to affect the mIcrobIOlogIcal processes of the SOIl Although
several workers have shown that these pestICIdes, at normal concentratIOns, do
not affect the populatIOn of Azotobacter chroococcum Bel] , they have not elUCI­
dated the effect of these chemIcals on the actIvItIes of thIS orgalllsm at the
cellular level (Eno, 1958, Gaur and Mishra, 1970 and SrecllIvasalu and Ranga­
swamy, 1973) The effect of three common sOIllllsectlcides on the growth and
certam metabohc actiVitIeS of A chroococcum are reported m thIS paper

MATERIAL AND METHODS

Growth measurement3 The ongmal llloculum was prepared by transfernng
the authentIC culture from an agar slope to 100 ml of Waksman-77 brothcontaI­
ned 10 a 250 rol Erlenmeyer flask and lllcubated for 72 hr on a rotary shaker at
28°C± 2°C For growth studIes, one ml of thIS UnIform suspenSiOn was mocu­
lated Illto 99 ml of the same lIqUId medIUm Calculated quantitIes of stenhsed,
technIcal grade InsectICIdes, aldlcarb (2 methyl-2 (methyl thIO) proplOnaldehyde­
O-methyl carbamoyl OXIme), Dasalllt (fensulfothIOn) (O,O-dlmethyl 0-4-methyl
sulphlllyl phenyl phosphorothiOate) and Disyston (dlsulfoton) (O,O-dlethyl 8-2­
.ethyl thlO ethyl phosphoro-dithlOate) solutIOns were lll]ectcd !Dto the medIUm
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to obtalll final concentrations of 2, 5 and 10 ppm (a I), Just before Illoculatmg.
the A chroococcum cells Each treatment was rephcated tWice The flasks were
moculated at 28°C on a rotary shaker and at penodlcal Intervals the growth
was measured with an Erma colorimeter at 420 nm (blue filter) (Balasubrama­
nlan dnd G>ta Nilakantan, 1976) The optIcal densIty (0 D) was computed
and the growth curve was plotted

EstImatIOn of mdole acetic aCid (fAA) productIOn One ml of 72 hr old
culture was lOoculated IDto 99 ml of Waksman...,77 broth contalDlllg J0 mg of
L-tryptophan along wIth 0,2,5 and 10 ppm of the msectlcldes and mcubated
for 15 days at 28°C The lOdole acetIC aCId content was estlmclted at 4,8 and
15 days wtervals foIJowlllg the procedure of Chandramohan and Mahadevan
(1968) The total quantIty of IAA produced per 100 ml of medlam was calcula­
ted from a standard curve prepared from authentic samples of IAA

Estimation of mtrogen content One ml of 72 hr old moculum was trans-
ferred to 99 ml of Wa[..srnan-77 broth along wIth 0, 2, 5 and 10 ppm of the
insecticides and mcubatcd for 15 days at 28°C NItrogen content of the cells
was estImated at 5, 10 and 15 day mtervals m a mlcrokFldhal's dlstJ1latlOn UnIt

followIng the procedure descnbed by Hurnphnes (1956)
I

RESULTS AND DISCUSSION

WhIle the lower concentratIOn of aldlcarb (2 ppm) treatment showed slIght
stimulatIOn III the growth of A chroococcum cells, the normal (5 ppm) and the­
higher (10 ppm) levels mhlblted the growth, wIth disulfofon and fensulfothIOn,
there \\as not much vallutlOn In growth at 2 ppm level, whereas at 5 and 10 ppm
levels growth was conSiderably affected (Fig 1)
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That the lower concentratIOn of the pesticIdes dId not affect the growth 01

Azotobacter have been reported by edr;her worker~ (MacKenzIe and MacRae,
197:!) InhibitIOn of growth of A (hroococcum at higher concen..
tratIOns of pestIcIdes has also bee'l reported earher (Kandasamy et aI,
1975, Balasuhramaman and Glta NIlakantan, 1975 and 1976, G,ug, 1977)
The results Illdlcate that at very low concentratIOns the InsectIcIdes have no SlgOl­
ficant effect on A chlOococcum cells, while at the hIgher concentratlOllS affected
the growth of the orgamsm It may be due to tOXICIty of the chemIcals or
mhlbltlOn on the aSSImilatory proce'ises and conseqentlv on growth

The IAA productIOn potential of A Lhroococcum cells was maXImum au the
4th day of lflcubatlOn whIch dechned thereafter All the three msectlcldes
considerably reduced the IAA productIon potentIal of the orgamsm In vztro at 5
aDd 10 ppm concentratIOn" with ltttle effect at the 2 ppm level (Table I)

TABLE I

Effect of the insecticIdes 011 mdole acetIc acId (IAA) production by A chroococcum

"'IAA produced 10 micrograms/l00 m1 culture
Treatment -------------------

4th day 8th day 15th day

Control 331 56 12857 3450
{No !DsectIcIde)
Aldlcarb 2 ppm 34998 16271 2000

5 ppm 29933 12127 2310
10ppm 24253 9671 2670

Disulfoton 2 ppm 34538 13201 3070
{Dlsyston)

5 ppm 28705 12741 31 50

"
10ppm 21797 101 31 2380

FensulfothlOn 2 ppm 32849 I3S 85 3840
(Dasamt) 5 ppm 30547 11897 3530

10 ppm 20569 8554 3450

.. values represent mean of duplIcates

Balasubramalllan and GItd Nilakantan (1976) have shown that ,tldlcarb at the
recommeded level adversely affected the If. l'ltro productIOn of IAA by both
A chloococcurn and RhzzoblUm Japomeum

The In vItro Dltrogen fixdtlOn of A chi ococcum was ma\.lmum on the 10th
day of lllcubatlOn, howevel, the nitrogen fixatIon w presence of dlfferent
concentratIOns of the lllsecticides, decreased signIficantly wIth lIlcrease In the
lOsectlclde concentratIOn (Table II) Consldenng the reduced growth and IAA
productIOn by the IDsectlclde treated cells, the decrease III the quantity of
mtrogen fixed IS qUite undentaudable In VIew of the dd'verse effect of the
mser:tlcldes on the growth, IAA productIOn and nItrOgen fixation of A chroo­
coccum at the normal (5 ppm) and hIgher (10 ppm) levels of the lOsectlcldes It IS
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TABLE II

Effect of the Insectrcrdes on the In vitro mtrogenfixatron by A chroococcum

·Nltrogen content In mg/l00 ml culture-
Treatment ----------

5th day 10th day 15th day

No IOsectlclde 11 90 1448 II 03
(control)

Aldlcarb 2 ppm 10 90 10 90 1010
5 ppm 11 20 1129 884

10 ppm 840 915 849
Dlsulfoton 2 ppm 9 SO 1068 919

(Dlsyston)
5 ppm 880 949 858

"
10 ppm 770 798 805

FensulfothlOn 2 ppm 980 10 15 936
(Dasamt) 5 ppm 770 875 796

10 ppm 880 784 700

·values represent mean of duplicates

hkely that the beneficIal effects of thiS orgamsm on plant growth may also be­
affected adversely by these presence of the msectlcldes In sOil (Balasubramaman
and Glta NIlakantan, 1976)

The authors gratefully acknowledge the financial assistance of the International AtomiC
Energy Agency, Vienna, ID carrylOg out these studies
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VarIations lD the DegradatIOn of Dlsyston by Azotobacter

chroococcum and AspergIllus mgel

D KANDASAMY, K CHENDRAYAN, G OBLI'iAMI AND M BALASUBRAMANLAN

TamIl Nadu Agncultural UmverSlty, COlmbatore-641 003

MUCH of current research IS concerned wIth the fate of pesticIdes In sOil and
their effect on microorganisms and their actiVIties As InhIbItors of bIOlogical
systems, the pesticides may exert deletenous effect on soil microorganisms,
the result of whIch may be detnmental to many soIl mlcloblOloglcal processes
MicroorganIsms, however, playa major role In the degradatIOn of pestIcides
(Ahmed and CassIda, 1958, Matsumura and Boush, 1971) Although extensive
eVidences are avaIlable on the bIodegradatIOn of Illsectlcldes by Dl1croorganlsms
III general, not much mformatlOn IS at hand, III partIcular on the extent of
degradatIOn by Azotobacter chloococcum and Aspergillus niger

Dlsyston (l00 ppm) was added to (a) sterile red sandy loam soll, (b) slerIle
red sandy loam sOil moculated wIth a suspensIOn of Azotobacter or Aspergillus
and (c) Normal (unsterIle) SOil The reSidue of dlsyston was estimated colon­
metflcally as per the procedure deSCrIbed by Schumann and Olson (1964) at
weekly Interval Total mIcrobial populatIons In normal soil and Azotobacter

and AspergIllus populatIons from the maculated SOlIs were estImated at weekly
mterval followmg the standard procedures

The results revealed that the dl~slpatlOn of dlsyston Increased With
lDcubatlOn time (Table I) rn stenle soIl eventhough there are no bIOlogIcal

TABLE I

DISSipatIOn ofdlsyston m SOil moculated With mlcroorgamsms
(mma/level of insectiCide 100 ppm)

Days ofmcubatlOn
Treatment

7 14 21 28

SterIle SOlI 9178 8939 7910 6845
Normal SOli 8422 6660 5422 3415

(91 76) (7450) (68 54) (49 89)
AspergIllus mger 8841 7466 6900 5718
maculated SOli (96 32) (83 52) (8723) (83 53)
Azotobacter chroococcum 5835 4982 3041 938
Inoculated SOil (63 57) (5573) (3844) (1370)

FIgures In the parentheses denote the percentage of reSIdue In SOt!
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system there was about 30 per cent dISSIpatIOn ~t the end of 4 weeks which
mIght be due to photo-decompo~ltlon of the chemical or evaporatIon mto
the atmosphere by dust particles and water vapour (Matsumura dod Boush,
1971) In norma! sOIl the dISSIpatIOn was rapid when compared to stenle sOil
mdlcatmg the role of soIl mlcroflora m the degradatIOn Among the two
orgamsms studied, Azotobacter degraded the InsectICIde very rapidly The
percentage of reSIdue left In Azotobacter moculated SOli was very low at all
stages of sdmp!'ng when compared to the level of reSidue JD Aspergillus

JDocu1dted 5011 The dIfference IS qUite distinct at the end of fourth weeJ... when
the Quantity of reSidue was very less 1D Azotobacter moculated SOil The
reason may perhaps, be due to ItS capa<.lty to absorb the lllsectJclde as reported
by Kandasamy et al (1976)

fABLE II

Changes In mlcrobral populatloll 111 SOil added with dlsyston

(populatIOn x 10 K per g of mOIsture free SOil)

Populatlon
------ ----

Treatment Before applicatIon After appltcatlon (days)

7 14 21 28

Normal SOIl
(Total populatiOn) 1215 1548 1830 2155 2606
(x 107)

AspergIllus mger 5071 51 02 5621 3641 3720
maculated SOIl
(x 105)
Azotobacter chroococc/lm 6144 58 17 63 15 7147 10814
lnoculated sOIl
(x 104)

In Asperglllus~Jnoculated SOil, there was an Increase JD the reSIdue level
dunng the thIrd and fourth weeks although It was decreaslllg dunng the InJt181
stages The fact that a depre<;slOn ID AspelgJUUS populatlOn at these stages
(Table II) suggested the possIble dbsorptlOn and slow release of JOsectJclde

from the dead cells IOta the medIum (Ahmed and Casslda, 1958)
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In Vztro Screenmg of Azotobacter for Tolerance towards eel tam

FungIcides, Gran111al InsectIcides and HerbIcIdes

R PRAKASH AND N N PRASAD

l\'hcroblOlogy DIVISion, Faculty of Agriculture, Annamalal University,
Annamalamagal-608101

ABSTRACT

The effect of Benlate, Dexon, Demosan, Brasslcol and \Vet Ceresan on the In

vitro growth of Azotobacter was studied at different concentrattons VIZ, 100, 250, 500
and 1000 ppm 13enlate and Brasslcol did not markedly l1lhlblt the growth at all the
concentratIOns tested IDemosan and Dexon slightly mhibited the growth up to
500 ppm, but 1000 ppm concentratIOn mhiblted the growth markedly Wet Ceresan
affected the growth very pronouncedly at higher concentratIOns Ekalux, Disyston,
Thlmet and Furadan exerted only a slight mhlbltory effect on growth Machete and
Lasso Inhibited the growth only at 100 ppm

THE Improved Yield and sod fertllity due to InoculatIOn wIth Azotobactel
have been reported by many workers Vanous agro-chemlcals applIed to the

'SOlI are likely to affect the populatIOn of Azotobacter m the soIl The effect
may be stimulatory or harmful (Deshmukh and Shnkhande, 1974, Siddarame­
gowda et ai, 1973, and MallIkalJunamh and BhIde, 1975) The re'mlts on the
effect of certam fungICIdes, granular InsectICIdes and herbicIde~ at different
concent.atlOns on the In vitro growth of Azotobacter are prebcnted In thiS
paper

MATERIAL AND METHODS

The folloWIng fungicides, granular InsecticIdes and herbICIdes were used
lD thIS study

FUNGICIDES

1) Benlate 50 WP (methyl-l-(ButyJ Carbamoyl)-2....Benzlmldazole carbo­
mate),

11) Brasslcol 60 WP (Pentach10ronltrobenzene),

lll) Demosan 60 WP (1, 4-dlchloro 2-5 dlmethoxy benzene)

IV) Wet Ceresdn (Methoxy ethyl merCl'flC chlonde)
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GRANULAR INSECTICIDES,

I) Ekalux 5 G (0, O-dlethyl-O (QuInoxahnyl (2)-thlOnophosphate).

11) Disyston 5 G (0, Q--.dlethyl -S-2 (ethylthIO) PhosphorodlthIOate),

Ill) Thlmet 10 G (0, 0-dJethyl-5, 5 (ethyl thlo methyl phosphorodithlOate),

IV) Furadan 3 G (2, 3-dlhydro-2, 2-dlmethyl-7-benzofuranylmethyl
Carbamate)

HERBICIDES

1) Mdchete (2-chloro-2' -6" - dlethyl - N -(Butoxy methyl) - acetamhde)

II) Lasso (2-chloro -2'-6" - dlethyl -N- (methoxy methyl) - acetamhde)

The fungicides, lUsectIcldes ami herbIcides were Incorporated aseptically
Illto 50 ml of stenlIzed yeast extract manmtol broth at dIfferent concentratIOns
UnIform lUoculation potentIal was added Into these flasks and the growth of
Azotobactel Isolate (AU 3) was measured at 24hr Interval up to nhr by
readmg th:: absorbance at 610 mf.L III a Spectrofilc - '20 Colonmeter

The fungicides were tested at 100, 250, 500 and 1000 ppm concentratIOns
The lDsectlcldes and herbIcides were tested at 10, 20, 50 and 100 ppm levels

RESULTS AND DISCUSSION

The results on the effect of dIfferent fungiCides on the In VltlO growth of
Azotobacter are presented In Table I All the fungiCIdes tested adversely

TABLF I

Effect of certamfunglcldes on the In VItro growth of Azotobacter

Treatment (ppm) Benlate Dexon Demosan Brass/col Wet Ceresan
I

Control 0270 0270 0110 0195 0195
100 0240 0205 0075 0190 0187
250 0195 o 195 0070 0172 0170
500 0185 0125 0065 0150 0160

1000 0122 0058 0035 0132 0077

CD (P=O 01) OOOT 0006 0019 0020 0007

Absorbance at 610 mf.L

affected the In vitro growth of Azotobacter The1 InhIbitory effect Increased
with Increase m the concentratIOn of the fungicIde However, Dono of the
fungICides tested have mhlblted the growth markedly up to 100 ppm Even at
a concentratlon of 1000 ppm, Benlate and Brasslcol dId not reveal pronounced
inhibitIon of the growth of the culture Siddarame Gowda et al (1973) repor­
ted an mcrease III Azotobacter populatIon when sOil was treated with Benlate
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at concentration of 10,000 ppm. Mallikarjtinaiah and Bhide (1975) also repor­
ted stimulation of Azotobacter growth by Benlate and Brassicol.

The effect of insecticides on the in vitro growth of Azotobacter are
presented in Table n. With Disyston and Thimet the growth increased with

TABLE II

Effect of certain insecticides on the in vitro growth of Azotobacter

Treatment (ppm) Ekalux Ditsyston Thimet Furadan
------ ---- ------

Control 0.152 0.180 0.180 0.172
10 0.135 0.227 0.145 0.152
20 0.125 0.165 0.137 0.142
50 0.120 0.137 0.127 0.112

100 0.107 0.115 0.110 0.112

C.D. (P= 0.05) =0.026 (P=0.05) =0.008 (P=0.0I)=0.026 (P=0.05) =0.029

Absorbance al 610 mLL

increase in concentration up to 10 ppm. Thereafter the growth decreased
with increase in concentration. Pochan and Lajudie (1948) reported stimulation
of Azotobacter by BHC at the recommended doses. On the other hand, in the.
case of Ekalux and Furadan the growth decreased steadily with increase in
concentration. However, the growth was not markedly lowered with these two
insecticides even up to 20 ppm. Jones.(1956) and Duda (1958) reported that
non-symbiotic nitrogen fixing bacteria were not inhibited by excessive amounts
of Chlordane, Aldrin, Dieldrin, Endrin and Methoxychlor.

The effect of herbicides on the in vi/I'o growth of Azotobacter are presented
in Table III. No inhibitory effect of Machete was observed up to 100 ppm and
that of Lasso up to 20 ppm. Even at 50 ppm of Lasso considerable growth
was present. Arthur (1953), Magee and Colmer (1955) and Goarin and

TABLE III
Effect of herbicides Oll the in vitro growth of Azotobacter

LassoMacheteTreatment (ppm)___ ..:.. c:....:...~ _

Control
10
20
50

100

0.160
0.220
0.205
0.182
0.162

0.160
0.187
0.165
0.130
0.087

C.D. (P=O.OI) 0.016 0.020

Absorbance at 610m!L
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Armand (1957) stated that herbIcides lIke 2, 4-D, MCPA Dalapon, trlethano­
lamme and dImtrocresol applIed at Iecommended doses were wIthout any effect
on the soil Azotobacter The results of the present lUvestIgatlon have revealed
that the fungICIdes, inSectICIdes and herbICIdes tested are not lIkely to mblblt
Azotobacter III sod at the usual field rate applicatIOn
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BehaVIOur of Azotobactel chroococcum 111 the Presence

of Certam Hel blcldes

K CHENDRAYAN, D KANDA!>WAMY AND P, RA]ASEKARAN

MICrobIOlogy Laboratory, Tamil Nadu Agnl University, COimbatore-641 003

SEVERAL workers have reported a decline 111 the number of Azotobacter species III

sorl followmg herbicide appl'catIOns and mferred that mtrogen fixatIOn would,
therefore, be affected (Galler and KhaTlton, 1961 Babak, 1968) However the
effect of herbicides on the metabolic dctivities of specific sOli microorganIsm
especially of agncultural Importance IS little understood ThiS note deals with
the results on the effect of thlee sOlI apphed, pre-emergence herbicides VIZ,

Karmex [3, (3, 4-dichlophenyl)-I, I-dimethyl urea (DIUfon), SlmaZllle (2, 4-BIS]
(ethylamIno)-6(chloro)-5-tnazme) and Tok-E-25 (2 4-Dlchlorophenyl),
4-111trophenyl ether) (NItrofen) on bIOmdss, resplfatJOn and extracellulal water­
soluble polysacchande productIOn of Azotobacter chroococcum

The organism was grown ]n the nItrogen tree Waksman No 77 broth The
medIUm was dispensed 1Il 250 ml Erlenmeyer flasks and stenhzed One ml of
unIformly suspended Azotobacter cells, experIencIng statIOnary phase of growth,
was Inoculated mto the flask contdlnmg the medIUm Calculated quantities of
stenle commercial grade herbicides solutIon were added Into the medIUm Just
before moculatlllg the blctenal cells to obtalll final concentratIOns of 1 ppm,
5 ppm and 10 ppm active Ingred'ent

After moculatlon, the culture wele lllcub..lted III a rotary shaker for 48 hi
:at 28°C±loC Duphcfltes were mamtallled for each treatment with approprIate
control

The endogenous lesptratoryactlvlty was measUled III a Warburg resplfo­
meter The bIOmass productIOn and e"{tracellt.lar water-soluble polysaccharIde
production wa~ estimated followmg the method detaIled by Couper whIte and
McCallum (1975)

The results are presented m Table I The growth (BIOmass production) of
the organism was reduced m the presence of hIgher concentratIons (5 and 10 ppm)
of Karmex and ToJc-E-25 Babak (1968) found that pure cultures of Azoto­
bactel were SeJ1<;ltlve to some extent to vanety of nerbIcldes at levels approxlmat­
mg normal dosage for weed control However, Chandra (1964) and Bound<;
and Colmer (1964) reported that some herbIcides did not InhIbit microbIal
growth for any slgOlficant penod Slmdarly, MackenzIe and MacRae (1972)

183



 
TABLE I

Injluena of pre-emergence herbIcIdes on Azotobacter chroococcum

BIOmass Respiratory Water soluble
Treatment (mg/IOO ml) activity polvsacchande

tJ-Lm of 02/g/hr) (mg/l00ml)

Karmex -100 ppm 10000 36745 1900
-50 500 12360 1650
-100 .. 400 10330 1300

Slmazme -10
"

2500 39053 2700
-50 1200 32076 2550
-100

"
1000 31020 ]850

TOK-E-25 -10 .. 1200 40500 2500.. -50 500 11461 ]600
-100

"
300 10182 1450

Control 1000 372 50 2350

also reported that at field applIcatIOn rate and fifty times the levels of herbIcIdes

had no effect on Azotobacter vlnelandll

Endogenous respIratory activIty of the orgaDl~m, III general, was reduced

by all the three herbIcIdes, although I 0 ppm concentratIOn of slmazme and

TOK-E-25 were slIghtly stImulatory Extracellular water-soluble polysaccha­

rIde productIon was mhlblted In the presence of Karmex and hIgher concentra­

tion of Tok-E-25 (5 and 10 ppm and slmazme (10 ppm)

InterestIngly enough, there eXIsts an apparent posItIve relatIOnship between

respIratory actIvIty, bIOmass and polysaccharide production A reduction III

respIratory activIty reflects, In general, on less bIOmass and polysacchande

mdicatlDg an altered metabolIsm of the orgaDlsm lfi the presence of the

herbIcIde
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A Note on Cheap SubstItute fOl Manmtol in Rhzzobzum Inoculant

ProductIOn MedIUm

J V D K KUMAR RAO, H R RAGHAVA ReDDY, GITA MAHALlNGAM AND R B PATIL

Depaltmeot of Agricultural MicrobIOlogy. UOIverslty of Agncutural Sciences
Bangalore-560 065

IN IndIa large scale productIOn of legume moculants on commercIal scale IS of
recent ongm and IS gammg Importance Major factors contrIbutmg to the
cost of the moculant are avaIlabIlIty and prIce of mannItol WhICh IS a commonly
u~ed carbon substrate III the productIOn medIUm of yeast extract manmtol broth

Earher reports by Vangnal et al (1976) have shown that IS case of Rhlzobmm
Japan/cum, good growth could be obtamed wIth sucrose as carbon and energy
source and reducmg the cost of productIOn by 70 per cent NandI and SInha
(1975) have shown mollasses to be a supenor carbon source to malt extract,
sucrose and manmtol mIxture or manmtol alone TheIr modIfied medIUm,
compnsed of 10 g sucrose, 5 g manmtol and 200 ml yeast extract solutIon per
htre It proved to be the best among the vanous formuhtlOns trIed

In the present study two I~olates of Rhlzobzum VIZ, UASB-94 and UASB­
126, and medIa contammg one per cent mannItol, glucose, sucrose, malt extract,
sorbItol or commercIal grade sugar, as the case may be were used. Two sets were
mamtamed with two replIcatIOns each One set was mcubated IU the shdke culture
whIle the other was kept under statIOnary condItIons Samples were removed at
perIOdIC mtervals and plated on yeast extract manmtol agar wIth congo red for
vIable count.

The results (Table I) mdIcated that under statIOnary culture condItIOns the­
Isolate, UASB-126 att,pned the maXImum growth on sIxth day wIth glucose as
carbon source

Under shake culture conditions all the carbon sources gave hIgher cell
YIeld per ml than control contaInmg manmtol alone Among these sorbItol was
the best followed by sucrose On mnth day of InCUbatIon malt extract gave the
hIghest cell yIeld followed by manmtol

In case of UASB-94, (Table 1I) shake culture proved better than statIOnary
culture On the fourth day all the sugars other than manmtol gave hIgher ceU
yIeld Of these, commercial grade sugar was the best followed by sorbItol On
the sIxth day manmtol ga\ e hIgher cell yIeld than the other carbon source~
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TABLE I

Cht!ap substrtute for manmtol In mass culture medIUm

wIth RhnoblUm Japomcum (USAB....126)

RhizobIUm count per ml (X 108) on
Treatment

3rd day 6th day 9th day

Standing Culture
Manmtol 1 63 130 582
Glucose 245 310 264
Sucrose 072 120 840
Malt Extract 020 150 280
SorbItol 1 12 70 656
Sugar 080 110 488

Shake Culture
Manmtol 50 90 280
Glucose 180 170 190
~ucrose 100 230 150
Malt Extract 08 120 1100
SorbItol 80 470 110
Sugar 80 230 80

TABLI: II

Cheap substitute for mannitol In mass culture medIUm

WIth RhIzobIUm sp (USAB-94)

RhIzobIUm count per rnl (X 108) on
Treatment

2nd day 4th day 6th day

Standmg Culture
Manmtol 0046 0040 0095
Glucose 0031 0030 Contarnmated
Sucrose 0150 0090 o 195
Malt Extract 0066 0120 0032
SorbItol 0150 0060 0215
Sugar 0013 0063 0370

Shake Cullure
ManDltol 0110 0800 3600
Glucose 0115 1000 2900
Sucrose 0250 2400 2100
Mal t Extract 0170 2100 2700
SorbItol 0140 4300 1800
Sugar 0090 6000 2800

Malt extract In general was ')upenor to other sugars NandI and SlDha
(1975) also arnved at the same conclUSIOn
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Effect of Sorbitol on the Growth of Rhizobium for

Inoculant Production

K. BALARAMAN AND G. OBLlSAMI

'Department of Biology, Tamil Nadu Agricultural University, Coimbatore-641 003.

RHIZOBIA are not highly fastidious in their nutrient requirements; they utilize
'mono-di and poly-saccharides read ily, although some slow growing strains prefer
lpentoses as carbon source (Graham and Parker" 1964; Burton,' 1967).
:Mannito1 is employed in culturing cowpea rhizobia for large scale production
I (Burton, 1967). A high count broth is required to ensure a high quality
'inoculant. For this, a rapid growth period is desirable to reduce the risk of
,contamination and also to reduce the running costs of the equipment under large
·scale production of legume. inoculants. Due to scarcity and increasc::d cost of
'1llannitol, the possibility of replacing the same with comparatively cheaper
,carbon sources like sucrose and sorbitol was attempted and the results are
/presented in this note.

The mannitol content of the yeast extract mannitol broth medium was
'replaced by different carbon sources like dextrose, sucrose and sorbitol and' the
,sterilized medium was introduced with the standard uniform load of inoculum
.(Rhizobium s'p - Ah6 strain) and kept under shake culture with sufficient
numbers of replication. Samples were removed at per.iodical intervals and the
,optical density was recorded employing Spectronic 20 colorimeter using 470 nm.
The rhizobia! cells were removed by filtration and with repeated washings and
·dry weight of the biomass was estimated at 36 hour after the growth.

Maximum O.D. was recorded with sucrose followed by mannitol and
·sorbitol. The biomass aS'recorded by cell weight was maximum in the medium
-containing sucrose (291 mgtl) followed by mannitol (242 mg/I) and sorbitol
(237 mg/l). However, very poor biomass production (125 mgtl) was recorded
'with dextrose (Table I).

In another experiment, sorbitol and sucrose at I : 1 ratio gave the maximum
::growth followed by mannitol and sorbitol, which were superior over the
':individual carbon sources. The present results indicated the possibility of
replacement of mannitol by the combination of sucrose, and sorbitol to give the

'sufficient load of rhizobial cells in the growth medium. The present results
.confirmed the earlier works of Nandi and Sinha (1975) and the possibility of
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TABLE I

Effect of different carbon sources on the growth of RhIzobIUm

Growth (0 D) Cell weight at 36th hr
Carbon source (mg/IOO mg)

12th hr 24th hr 36th hr

Dextrose 025 041 045 125
Sucrose 025 044 054 291
Manmtol 024 045 051 242
Sorbitol 024 044 051 237

SE 00163

CD (at p 0 05) 00355

TABLE II

Effect sorbitol In combmatlOn wzth other carbon sources on the growth o/RhlzoblUm
(Growth recorded mOD value)

Growth at different time mternal
Treatment -----

12th hr 24th hr 36th hr

Manmtol 0210 0483 0563
Sorbitol 0193 0520 0570
Sucrose 0193 0457 0500
Mannitol + Sorbitol (I I) 0237 0547 0617
MannItol + Sucrose (l I) 0237 0500 0510
Sorbitol + Sucrose (l I) 0190 0450 0673

SE 0020

CD (at p 005) 0040

manufacture of rhlzoblal llloculants required for pulse crops by ernp!oYIDg
comparatlvlty cheaper Ingredients
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A Study on Carners for Rhzzobzum sp

D B GODSE!, B B MORE AND P L PATlL2

Department of Plant Pathology and Agnl MicrobIOlogy. Mahatma Phule Krlshl Vldyapeet?
Rahun. Dlstnct-Ahmednagar

ABSTRACT

Survival and efficiency of RhIzobIUm sp of greengram (PhasEo/us aureus Roxb ) for
SIX months at lOoC 10 10l.ally aV<lllable matenal VIZ. press-mud,; pemcIlllD waste,
groundnut husk and their sOIl combmatlons were studied ID companson with peat,
hgmte and sOII+F Y M +sand LIgmte was the most supenor carner to all other
caeners followed by press-mud alone SOIl combmatiOns VIZ, saw dust+ sOIl, ground­
nut husk+SOlI and sOlI+F Y M ± sand gave better results Penicillin waste alone
and In combination with sOIl was slgmficantly IDrenor to all carners

INTRODUCTION

CO\l:MERCIAL productIOn and extensive use of peat based tnoculants have been
profitable ID many countnes like USA. Newzealand. U S S R etc In India.
however, a large scale production of legume lDOClllants on commerCial baSIS IS

of recent onglO

Sankaram (960) and Tswaran ~t aJ (1969) showed the peat sod as carrier
for the RhIzobIUm sp on account of Its nchness 10 orgamc matter and good
water-holdlDg capacIty Limited avaJlablhty of peat SOlI 10 NIlgm Hill ranges,
that too of low grade qualIty and high chalges Involved In transportmg It from
the source are lImiting factors JD ltS extensive use

Kandasamyand Prasad (1971) showed that RhIzobIUm spp multlphed we))
m Itgnlte Pugashettl, et aJ (1971) reported the use of cellulose powder as a
satlsfactory carner ~~waran (1971) reported that COlr + SOlI could serve as a
.,good carner Iswardn et al t1972) tested artIfiCially decomposed organlc
matenal as a carner Pugashettt et of (1972) studied surVival and multlph­
catIon of Rhu.oblUm spp 10 coffee husk compost and forest soIl as carner
Sharma and Verma (1973) showed the posSIblhty of use of lignIte as carner and
found It sUItable for RhIzobIUm legummosarum R tnfoil and R meil/otl KhatIl
el at, (1973) indIcated that the nce husk and sand supported the growth and
multlpltcatJOn of different rhizobia

I Department of Agnl MicrobiOlogy, Umverslty of Agnl SCiences. Bangalore-560 065
2 Agnl BacteriologIst, College of Agriculture, Pune-5
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In VIew of antIcIpated Increase In demand for bacterIal Inoculants. WhICh fs

estImated to be as hIgh as 75 mIllIon culture packets per year (Subba Rao, 1973)
In next few years, It IS Imperative to locate readily avaIlable and cheap source
of organIc materIals, whIch can be used as a substitute for peat and lignIte and.
otber carners being used In commercIal productIOn of moculants

MATERIAL AND METHODS

Matenals collected from the 'vanous sources were made fine and passed'
through a seventy mesh SIeve Matenals alone and m combmauon wIth soIl
were used as earners The treatments were press-mud, groundnut husk, peDlcI­
llin waste, peat, hgnlte, saw dust + sOIl (1 1), groundnut husk +sOIl (1 I), penIcI­
Ihn waste+soIl (11) press-mud+soil (11) and SOII+farm yard manure+sand
(2 1 1). The carners were analysed for varIOUS propertIes MaXimum water­
holdmg capacity was determmed by takIng 25 g sample of the matenalm a dIsh
and measunng the water Just requlfed to wet the materIal Hydrogen lOn,
concentratIOn was determIned on Beckman's zeromatlc pH meter CarrIers
tendmg to aCIdIc range were adjusted to pH 7 wIth the help of calcIUm
carbonate Orgamc carbon was determmed by potassmm dIchromate method

_ of Allison (1969) wblle total nItrogen content was estImated by macro-kJedahll
method Effective stram <;>f rhzzoblUm sp of greengram (Phaseolus aureus Roxb )
was obtamed from the Agncultural Bacteflo!oglst, College of AgrIculture, Pune
and multiplIed on yeast extract mannItol broth The content~ were shaken for
eIght hours a day on rotary shaker at 29°C for nme days

The carrIer materIal was sterilised for 30 mmutes at 20 Ibs pressure on two
consecutIve days Three bundred and fifty ml of broth culture of Rhzzobzum sp
havlDg populatIOn of 1 x 1013 cellsfml were mIxed WIth 800 g of amended carner
separately Water was added to the materIal so as to brmg mOisture level to­
50-60 per cent of maXImum water-holdIng capaCIty (Roughlcy, 1967, Sharma
and Verma, 1973)

Inoculated materIal was unmedlately transferred to shallow trays, hned
WIth plastiC sheet, at 20°C for ten days (Iswaran,11971), polythene bags of 040­
gauge were used for filhng npened carners after pre storage Each bag was
filled In WIth fifty grams of rIpened carners, separately Bags were mcubated at.
lO"C Samplmg of carners was done for countlDg number of VIable rhIzobIa
One bag from each carner was randomly selected and used at a tIme Monthly
counts were taken after four months storage PrIor to storage plate count after
pre storage was taken by usmg yeast extract mannItol agar contaInIng congo red
(Hahn, 1966)

The efficienLy of root nodule bactetlum to mfect host plant IS the only test
for determInIng ItS agrIcultural value (Vmcent, 1954) The nodule formmg,
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TABLE I

ChemIcal analysIs of carner mate, zals (data repre~ent mean of two samples)

Water- Organic Nitrogen
Carner materIal pH holdIng carbon l%)capacity (%J (%)

Press-mud 605 232 1940 1025

Groundnut husk 680 168 1960 1237

PenicIllin waste 610 88 25 10 3458

Peat 385 75 11 60 0559

Llgmte 505 96 3540 0538

Saw dust + SoIl 590 96 3719 0370

Groundnut husk + SoIl 675 84 960 0651

PeDlcIll1D waste + SoIl 625 66 1350 1 688

Press-mud + SoIl 625 96 940 0552

SoIl + F Y M + sand 670 78 1 80 0258

abIhty of RlllzoblUm grown In dIfferent earners was tested In stenle soil Tbe
solI was collected from tbe field, passed thlOugh 2 mm SIeve and amended wIth
850 g of farm yard manure, 7 5 g at SIngle superphosphate and 1 5 g of mUrIate
of potash per 15 kg of sOlI The mixture was stenhsed for an hour at 30 lb~

pressure for t\\ a succeSSIve days Pots of SIX mches dIameter stenltsed wIth 5
per cent CuS0 4 solutIOn were filled tn wIth 7 5 kg of stenhsed soIl Pot
culture expenment WJ.S laId Ollt III a completely randomIzed de,Ign wIth above
treatments USIng ulllnoculated as control and replicated thnce

Seeds of greengr am varIety Jalgaon 781 was surface sterIlized usmg the
method of Dadarwal (968) Sten!Ized seeds were maculated wIth earners stored
at 100e for 6 months usmg slurry method ot seed maculatIOn descnbed by
Roughley (1961) Number of nojules, mtrogen content In pldnt and soil and
dry weIght of plants were recorded at flowerlllg stage

RESULTS AND DI~CUSSIONS

All l-an Ier matenals under study were aCIdIC III reaction Taklllg Into
account favourable pH for RhIzobIUm sp all earners except ground nut husk
alone and In comblllutlOn with sOil and sod + farm y'l.rd manure and sand reqUI­
red pH adjustment to 7 All carners havmg enough organIC matter except
sOlI +farm yard manure + sand CJuid hold good deal of water The pemclhn
waste was the only camer havln highest mtrogen content

HIgh population of Rhizobium sp soon after per storage was observed III

press-mud and groundnut husk and then sOIl comblllatlDns followed by peat and
lIgnite No rhlzoblal growth was observed In penlcillm waste and ItS soil
combinatIOn SOlI + farm yard manure +sand had a lowest rhIzobIa! cell count
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TABLE II

Plate counts of RhizobIUm sp In varlOUS carnet s at 10° C

RhIzobia X 109 at different penods

Treatment Interval In months

O· 4 5 6

Press-mud 350 250 230 90
Groundnut husk 450 60 40 30
PemcIl1lO wa~te

Peat 200 142 134 96
Llgmte 210 75 58 30
Saw dust + sOlI 87 90 64 50
Groundnut husk + soli 140 180 80 120
Pcmcllhn waste + sOil
Press-mud + SOIl 100 37 30 140
SOil + FY M + sand 80 57 40 130

0;0 Count after pre storage

per gram of a carrier (Table II) There was not much mfluence of storage penod
on ~urvlval of Rfnzoblum sp In vanous earners at lOoe A gradual decrease In

rhIzobia I populatlOn was observed 1n all carnels Even after SIX months storage
at lQoC-counts were qUIte hIgh 1D all carrIers except pemctllIn waste and Its soil
comb1OatIon as per AustralIan standard (Date, 1970, Roughley, 1970)

Results regardmg nodule formmg abl1Ity and efficIency of greengram Rh,zo­
.blUm after SIX month'> storage at lOoe, presented In Table Ill, revealed that
sol1-t farm yard manure + sand, groundnut husk + ~oll, saw dust + sOlI, peat dnd
lignIte produced sIgnIficantly hIgher dry matter over control The hIghest dry
matter was recorded 10 hgmte whereas lowest was In groundnut husk

SOl] + farm yard manure + sdnd, saw dust+ sol1, groundnut husk +soli,
press-mud and hgmte showed significantly hIgher nodulatIOn over control
LIgmte produced signtficantly hIghest number of effectIve nodules over other

earners SalV dmt + SOlI, groundnut husk + 5011 and press-mud were of same
order WIth each other, but differed sIgnIficantly over soIl-I- farm yard manure +
sand In effective nOtlUldtlOn Brockwell (1954) repoILed that over a perIod of SllC

months, eleven peat culture Inoeulants for subtcrranedn clover contained non­
lDfectlve bactena Moreover, III groundnut hUSA, pressmud + sot! complete loss
of the nodule formmg ablhty was observed probably due to loss of vlfulence of
rhizobial cells HIghest surVIval of root nodule bdctena and also nodulatIon
after SIX months storage at lOoC was noted In the lIgnite based Inoculant
Sharma dnd Verma (1973) dlso reported that velY satisfactory nurobel of rhIZO­
bia retawed their VlabJlJty up to storage of sixteen weeks at low temperatures In

llglllte
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Preface

There has been an increasing Impetus to research efforts on blologlcar
OItrogen fixation In the context of worldwide shortage of non-renewable

sources of energy The spiralling costs of petroleum products used In
fertilizer mdustry has added to cost of chemical fertilizer and In consequence
resulted In pushing up the cost of cultivatIOn of many a chemical fertilizer

dependent high-Yielding variety of commercial and food crops

A pOSSible solution to the Intense fertilizer deficit particularly In relation

to nitrogen nutrition of crops, IS to utlll:ze the natural biological nitrogen
fiXing systems The optimization of nitrogen fiXing activity In salls depends
on several factors such as presence of the proper kind of microorganisms
Involved and management of sOil to intensify their activity In India, particu­
larly with ItS varying clImates types of salls, varieties of crops cultivated and

the different farming systems, there IS a need to study the effects of varying
meteorological factors and ed~phlc conditions on the capabilities of nitrogen
fiXing mIcroorganisms, to sust;)In the nitrogen needs of crop plants With a

view to bring together the active groups Involved In bIOlogical nitrogen
fixation research In partlculor and the development of other microbial mocu­

lants Irt general, <1 regional confcrpnce was convened for the first time In 1975
at the Tamil Nadu Agnculturol UniVersity, COlmbatore and during 1976 at the
Annamal31 University Annam<1I<1lragar

The third regional conference on Microbial Inoculants In crop prcductlOn
was held at the University of Agricultural SCiences, Dharwad campus during
April 1977 where over forty research papers on variOUS aspects of microbial
Inocul:mt research was presented and discussed

The delegates from Agricultural Universities of Karnataka, Kerala,

Andhra Pradesh, Tamil Nadu 3nd Maharashtra and represent<1tlves from other
research institutes and commercial 0'ganl!::atlOn3 Involved In the development
and production of microbial Inoculants participated In the deliberations
Most of the work presented In these papers have a bearing on problems
related to nitrogen fixation through legumes and non-legumes In SOil In

agrocllm<1tlc SItuations prevailing In Karnata"a and other adjOining southern
Indian States The papers presented have been brought out In thiS publication
which hOJ:;efully, may help In bringing to light the areas of Interest and the
recent findings on aspects of biological nitrogen fixation and other problems
related to the development, production and quality control of microbIal
moculants, being pursued In the region
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TABLE III

Inflllence of six months storage at J(rc in various carriers on efficiency of
Rhizobium sp. in pot culture

Parameters of efficiency

TreatmenI Mean dry Mean No. Mean dry Mean per Mean per
matter weight of nodules weigh~ of cenl cent nilro-

(g/planl) plant nodules nitrogen gen in
(mg/plant) in plant soil

Press-mud 1.295 7.80 1.170 3.720 0.043

Groundnut husk 0.906 10.00 2.420 2.756 0.028
Penicillin waste 0.950 0,00 0.000 2.473 0025
Peat 1.290 0.21 0.790 3.256 0.047

Lignile 1.308 13.80 3.433 3.910 0.049
Saw dust -i- soil 1.285 6.96 1.503 3.750 0.046
Groundnut husk + soil 1.280 7.80 1.096 3.836 0.047
Penicillin waste + soil 0.996 0.00 0.000 2.386 0.027
Press-mud + soil 0.936 5.0 1.5 2.503 0.022

Soil + F.Y.M. + sand 1.205 2.79 1.300 3.303 0.044
Uninoculated (control) 0.966 0.00 0.00 2.320 0.020

-- ~

S.E. 0.07215 0628 0.48 0.1042 0.0015

C.D. 0.2127 1.8420 1.4079 0.3057 0.0040

Dry matter weight of nodules per plant indicated that size of nodules

(Wil~on, 1971) in saw dust -'- soil and lignite significantly jncrea~ed the weight of

nodules over control. Lignite significantly increased nodules size over other

carriers. Pre.is-mud, soil + farm yard manure -'- ~and and saw dust - soil were of

same order a~ regards weight of nodules. Nitrogen content in plant was signifi­

cantly increased in all treatmen:s over control except penicillin waste alone and

in combination with SOil and press-mud -;- soil.

In all treatments except soil combinations of penicillin waste and press-mud

increased soil nitrogen level. Although penicillin wa<te and groundnut husk

, increased just signific:!Dt nitrogen in soil over control but they were statistically

inferior to othr.~ treatments,

The senior aUlhor is gralcfullO thc Indian Council of Agricullural Research for providing
him with a Junior Fellowship during the tenure of this work.

REfERENCES

ALU50N, L. E., 1969. M~thod~ of Soil ..fna/ysis in ParI 2, American Society of Agronomy,
loc., Madison, Wisconsin. U.S.A.

BROCK.WBLL, J., 1954. Noninfcclive noduk bacleria in peal cultures. Au~t. Int. Agri. Sci.,
10: 243.

19.5



 

, bacteria. Agri. Gaz,

DADAltWAL, R, 1968, In8uence of seed diffusate. o~ bacterization of leguminous crops. M.Sc.
Thesis, IARI, New Delhi.

DATE, R. A., 1970, Microbiological problems in the inoculation and nodulation of legumes.

Pl. Soil, 32: 703.

HAHN, N. J., 1966, The conlo red reaction in bacteria and its usefulness in identification of
rhizobia. Can. J. Microb., 12: 725.

IIWARAH, V., 1971, Effect of aeration on survival of Rhizobium japonicum in peat contained

in polythene bag. M)'sor~ J. agric. Sci., 5: 493.

IsWARAN, V, SUNDAR RAO, W. V. B. AND MAGER, S. P., 1969, Indian peat as a carrier of

Rhizobium. Curro SCi., 38: 468.

ISWARAN, V., SEN, A. AND APTE, R., 1972, Plant composts as a substitute for peat for legume

inoculation. Curro Sci., 41: 20.

KAl/DASAMY, R. AND PRASAD, N. N., 1971, Lignite as a carrier of rhizobia. Curro Sd., 40: 496.

KHATRI, A. A., Choksey, M. AND D'SILVA, E., 1973, Rice husk as the medium for legume

~Doculants. Sci. and Cuf,., 31: 194.

PUGASHETTI, B. K., GOPALGOWDA, H. S. AND PATIL, R. B., 1971, Cellulose powder as legume

inoculants base. Curro Sci., 40: 494.

PUGASHETTI, B. K., PATIL, R. B., BAGYARAJ, D. i. AND SHRINI\ ;, H. P., 1972, Symposium oq

legume inoculants. Science and Technology. Abstr. 10.

ROUGHLEY, R. i., 1961, Inoculation of legumes with nitrogen

(N.S.W.), 72: 40.

ROUGHLEY. R. i., 1967, Growth and survival of Rhizobium spp. in p~ _Illture. J. app. Bac,l.
30: 362.

ROUGHLEY, R. J., 1970, The preparation and usc of legume seed inoculants. Pl. Soil, 32: 675.

SAMUUN, A., 1960, Sur,jval of rhizobia in peat based legume inoculant. Curr. Sci., 29: 97.

SHAltNA, C. R. AND VEIUIA, i., 1973, Lignite based legume inoculants. 14th Annual Con-
ference, Association Microbiologist of India, Abst. p. 62.

SUBB~ RAo, N. S., 1973, Lets help crop plants produce their own nutrients. Sci~nce Today,
7: 13.

VINCENT, i. M., 1954, The 'control of the quality of legume seed inoculants. J. Ault. In.,­
Agri. Sci. 10: 247.

Wn.lON, i. R., 1971, Comparative nodulation, nitrogen fixation and arowth of Glyeifu w.ih,i.
Cooper and Phauo/us a'ropurpureus Sirato seedlings. Aus'. J. Alri. R~s. 23: I.

196



 

UAS LIBRARY GKVK

1111111111111111111111111111
R·19904




