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Introduction 

Nnrogen is both crrcntul  l o r  plant growth and ~ h c  
clement !hat marl f rryvrnt ly l iml lr  crop prodvetinn 
Sol1 nltropcn 13 dcplctcd h) cropplng dcn>Ir#ficu. 
!Lon. 1cnrh~ng.and craunn. II >I accmtcd h) applica. 
rton o f  fcnl l l rcr nllroeln and M n Y r C , .  and by 
h t o l o ~ i u l  nitrogen fixallon I B N F i  

Knoulcdgr 01 ~ h c  BNF phcnomcnon IS about a 
antur) old. BHF was rccogn~rcd sr s ~ ~ u r a l  pro. 
CCrP that ~ e r m l t t ~ d  bgume growth on sollr low ~n 
nttrqcn Durlng the ~ n i n a l  phs* o f  knowledge 
acqum~t&on. kuuv roph l ruu tcd  laboraiory squ~p. 
men, u l r  often hckang and fol ! l rzrr nltrogcn not 
r u d d y  ~vathbk. lhm 8ubjeel dbd not nmilcl much 
research rlion. I n  the h t c  19Mr and earl) 19601. 

houcucr, thcrr w u i  i rtrclnpauryr of t ) U I  r r r r s n h .  
p a n l c u l u i l  wl lh regard It, 11, blochsrnlcal srpscth 
s,ncr: the lY70i Ihu field ha, expanded, a* ,nd,cs,td 
h) I ~ C  frrqucncy 01 ~nlsrna!ional r ympux~r  and lhc 
~ncr ta \ rd  number 01 bookson Hhb (Postgate IV71, 
Qulspel 1974, i l r w r n  1975 l o i r r )  and C l s r k ~ o n  
1975. \"!man 1976. Bruughron el s l  1979. Berge~. 
sun 19110. Brilughtnn IYXl. 1982 IYXl.(;rahnm and 
Harr lr  19X21. a$ well ur rrvicu, (Slewarl 1973, 
Drtm and Hubbell 1974. 1111uurlh 1974. Shanmu. 
ganr mnd Valcnitnc 1975. Chlld 1976. Sklnnor 1976. 
w,n,rr and Hurrls 1976. vance IY83) 

B c u u v  the encig) co\ l  01 rynthcrir ing andlrsnr- 
p m n g  cnmblnsd nnrogrn ilr fcrulircr Ir h ~ s h  snd 
b e o u v  lne r~v r rd  use of ferul l lcr nl l rogm may lead 
!a po l lu t~on  hazards, enhancing (,xed nllrogcn may 



k e o m r  a vishlc ptoposltlon not on!) In marglnrl 
land, 01 the rcmlar8d tropics hut also ~n good solla 

The profound ~nfluonccolrnv~rnnmsnconaymh~- 
utlc nilropcn fixation hrr k e n  known for n long 
$(me Hut 111111 1% knoxn r o l r r  about !hc h r i c  rsac- 
$#on vndcrl)~np the rarzaliunr ~n r)mbiot~c n i t rogn 
f ~ r u u l ~ n  in  legume>, porlicularl) chlckpa and 
plgconpea, a i  rcvsilled undcr alrcal cond>t#on, 1 hc 
IL*UII\ ohtamed 511 far wlth d>neient legumer would 
xcrm tojurl8I) lui lhci icrcarch clfon 

Slnsc the urt~malsri~lnitrogen flxcd h) IcpumsrIn 
gcncralcir qucrl8clned ILrRueand Pallcrson 1981). 
wc h ~ ~ r i c l r a i n s d l r o m s r t ~ m u l ~ n y  yl i ld iowcrattr,h. 
u l u h l ~  III I ~ C  t f lec~ 01 b a r i n u ~  t l r ~ $ $  laclur\cm n1t10. 

yen f l i i l i i i n  

Drought 

kcw rludler ilreavalloblc on ~hcsvrvlval ol ih~,ohlr 
under drought slrsrs Onc rtud) abowrd that. 
dcprndlng on *pecar, hrtrcrn SO'i andYPf; 01 rhl- 
,ahla dlcd ulth c)cler <,frct l iny and drylng IPrna- 
Cahnalcr and Alcrandcr 19191 A 1UIX)O-fold 
rrduccinn uur alho oh$rrvrd ~n the Xhi:,ihiuni u l  
Lviri when ~ h c s u $ l  wa i icp ldry  lor,rvcrrlmnnlh\ 
lbouid, 19111 I t  uas tound lhat roll cond~r>on\ 
under whleh dryng ucvvrr allecl !hr crtrnl of 
dscllnc I lu rhh? and Morrhrl l  19171. and rhat t ? ~  

and rmnunl ol cla? 8n \ h i  rrlll are lmpurfanr fclr 
proircttny ihlrohla (038-Alana and Alexander 
1982) A populalton of lOMi rhwobla .z dry rol l  or 
morr can k counkrd fur hofhehlckpcaand plgrun- 
pea kn the svrfscc S-cm V~r!l,oI $011 during Ihc.hol. 
drr rummcrr o l  pen8navlar India !Table I 1  Thus. 
derpllr a dcellne ~n populal~on over this prrlod. 
rhizobsu of both chlckpa and pbgeunpr (cowpa 
group rhtzob~a) u n  at811 rurvne drought Wnh 
appropnatc rclmt8on pressures. 8 1  should k pors~hlr 
to 1dmt8f) rhlzabia that sn beasr shlr to rurvwc 
drought condirlona. 

. . 
the indtndualplantr. P l p o n p g r o w n ~ n t h r  unpre- 
dtcublr n l n y  tuaon, for insum, may c x p n c n m  
either shonagc or e x a u  of waltr dvnnp vcgcutlvr 
growth. When reprodustlvs prewlhcrlends intothe 
porlntny auson. the crop prlmanly dcpndr  on 
stored motsturn i n  t k r o i l .  C h ~ c k p a n d  p lponp.  
grown ~n the portntny salon thus fa- a prspmr- 

uvey incrcarlng ruil mo#\ tun  dr f l c~ l  Legume sym- 
bhorlr i * n  recover 11 cxpo.rd to  shon rtrerr p r l o d i .  
hut prolonged cxporure ma) lead lo  permanen, 
drmrgcnnd rhadd~ngofnodulcrlW~lmn 193l.ctlrd 
hy 1.1~ 1981 1 

Dr? rolls lnhlbll normal roof hafirlormalionand. 
hcncr. 8nIrrl1on h? Xhimh,um With ualcnng, thr 
ahni>rrnal roo, hu#r\ ma) nrume prowth On the 
olhrr hand, nodule drvelopmcn! tnlt~alcd undcr 
normdl muiilure cond#r,oni i s  rct back h) later dry 
iondluonr IWorial i  and Rouphlc) 19761 

Sprcnl 119711 wr r l rd  out dcv8lcd rludtrs on ~ h o  
effccl of drought on ditarhsd roybcan nodulcr 
Whcn water lorr from nodulo crcredrd 20fiofthc 
mitlal nodule r n r h  weight, acctylcnc rrduct~on 
actl\lt) I A R A I  was ~r r rvcr r~b l )  lor, Spltlr~ng ofeel1 
walls and rupturmg of pllrmodcrmfrlFDnneeuonr 
occurred ~n thr bactcro,dsonta>n~ng zone bndsr 
thew cand~l#onb, thr c)loplsrm~c slrucluie 8n the 
vncuolssd csllr a1 thc noduie saner m l h p x d  
(Spreni I972a) Rcdufcd msptmion raterand ARA 
duc to drought s l r n r  u s n  ~n when noduler wcre 
assand ir! h u h  00. or ~IIcI 111c~no or homoeenlm- , " .  . - - 
lion (Psnkhunt and Sprml 19751 'The rcsultr aug- 
p s t d  that the contui m l l a p v  lnhlbltrd nodulc 
aer<rlt) by mducmg the d~ffurton d O1 Into Lhr 
b.ctsrotd-contn~n$ngronc Rsrulrsof%lud~srondl1. 
ached nodulcr ma) not bcrpplicablr to nodukr st111 
attached 10 the hosl plant. but they doprov~dcrome 
maresting innght tato the system. 

Unless drought streu rrured ul l t inp oftbe lower 
l u v c s  of Glvctm M I  and Y # r u k h  . A R A  mco- 
vemd rapidly sllrr w t e ~ i n p  (Spmnt 197Zb1. 



m o r r o w .  1rr8glion alter a p n o d  ol drynp  
incrravd nltrugrn f~llrlinn more than len.fold 
(Sprrnr 19761 Rrducrd ARA durlnp drouyhl me) 
k d u r  fa rrduccd phoinr!nthalr r u p p l  ~n ( r l ic inr ,  
m a r .  lor Inatnnrc. 11 uas ohrcnrd !hat ~ h c  prccn. 
t a y  rsducrlon of ARA and 01 nn ph~mr)n,he,~, 
werr r8mliar iHvang ct  a1 197Su) Thr rcro\rr! ol 
ARA after rcvatennp, h n r n r r ,  iaggcd k h l n d  that 
of pholorynlhotr IHuany cl  a1 197Shl A Ida !  
draught rtrcrr !mpo\rd on ( r i i < i n r  ,nu$ cru\cd i 
40405 icduction 8n the proporuon of ' r - l a k l e d  
p h o u ~ ~ \ n t h a l e s  \ubrrqurnl l$ ,uppl!cd to  ( h i  
noduler l S ~ l l \ u ~  c t  i l  19771 

Slmllsr rludlcr on ch lckpa  and p~griinpca rrr 
lsck~np A r u h ~ l a n i ~ a l  lnrrcarr ~n nodul*t>on and 
A K A  s iocn due lo #rr!yaf#on 8" ~ h ~ ~ k p ~ ~  I F @  11 
Wlihoul lirlestlon Ihr m*htmum nudul i  ymwth 
has arh#c\ed h l  ahonl 40 dr!, b ~ t h  i i r i y r l o n  a t  

ahout IUd'r! imai\al \ ,  nodular ianl inurd yroulng 
"",,I rhlrut 65 dab. and A K 4  rontlnved r i ro  u p , o  
XV da!$ Similar rerpon$eh to irngauon wcrr \ern in  

nodulal~on and 4 R A  a1 pigronpcn grown !n rhc 
poslraln! \earan (Fig 21 

4 uslrr hudpct d n u n  up Itlr il p a  plan1 und ill 
nixlulcs lor u ~ T K *  01 mpld \rpclallvr growth ol 9 
d a w  belwrcn 21 and 30 dam al lrr  ruu8ny. ~n an 
LnilrOnmtnl uf I H Y r  durlnv rhc dab and 12'Cdur- . . 
~ n g  I h i  nlphl, lndlcr lrd i rcqulmmenl a1 IQmlua!cr 
b! lhc nodule, during thlr pcrlcd IPalc 1976) 0 1  
this. 9 7 ml us$ csl>m.trd to havr k c n  v l rd  lor 
rxportlnp?: ? mp ol f l lcd nllrapcn l i i I h r  plunl,end 
il 1 ml wri conwmcd ~n n d u i c  y r iw th  Ivanl!  
p r c r n t o l  thr IU mlvamc l rom~hr  phlivn,. Ilr,uu, 
rhrarhed I r i m  !hc nodule rufiacc, und the rcmwn. 
my @if; uar citractcd lutcral l~ Imnl rhu ad~aecf~! 
roi) l i  IJurlnp lhc lamr pcriird. 140 ml rrlcr wa, 
t rsnrpmd h! !he plam. whlch ud, 14 umc i  mclrr 
than rhr iimounl parrang through fhr n c l d ~ l c r l P a ~ r  
IV7Ol Althouyh i h > , c s ~ r n d l c  mu, ml! k prrrlsr, i t  

i l c r r l i  #nd# idar  lhal under nt~rmdl iondltion. rilrlt, 

ruppl\ i maltbs porllon 01 lhc ualcr rcquhrcd h i  
noduicl 

I n  chlckper yrnv,ny I" Ihu prrrtru,"! ,curon "I, 

rrccd~ny rc\ ldui l  molrturc. ~ h r  top 1Scmolthr.so~l 
dr io  up ulrhin 3 week, I\ P \dxena.  I( K I S A l .  
permndl i.nmmun1~11110nj, hul tnt,duIc? rcmasn lur. 

B 4 Hi 80 IWI 

Days allrr planrns 

Fhvrr 1. Nadubl lon and nitroten liuuan of rultlvnr K 850, r l t h  and without l r r i p l l on ,  i n  i V r r l b l  11 
I C P l F A T  Cr*.. IOlOiM IICPISAT l n n l a l  P.mn 1011. n 931. 



Uon,rnp,.d 

N c d ~ l l l  \ d u b  err wciphl PM c,H. Shoot dr) wlpht Root dnj urlght 
planl (mg plant I (p n~dul' ' h I lg plant 'I I8 planl ' i  

I >  12 

V 0 9  IS E 
h 0 D 

1 

Figvrr 2. LNoct of l rn~at ion on nudublion, nitrogensu arl~vit). and dr).m.llrr produotion 1st M days) uf 
plltunpem rultlvar C I 1  grown on a \erllrul. ICRISAT rcnler,poalrsiny %.run 19%I/8l.l5ourcc: J.\.D.K. 
Kumw R l u  and J.A. lhomprun, unpubllrhedJ. 

gid and fvncitonsl lor mvrr lhanPOdayivitler $ow. 
~ n p  IICC t l g  I l  The water requ~rcd 101 nodule 
luncljirni 15 ub\~ouhly corning lrom dccpcr lavcn 
Hnwevcr. nodules may alw be losing borne walrr  ti, 
the dr) ?oil, maread of vbrorb>ng i t  Smcr plgtanpce 
trpricnec\ unprcdbetablr c)clc< of r r t l lnp and dr). 
~ n g  IHuda and Vlrmani I9X71, dtpr ~ n d  surges ~n 
nodulc lormatlon and lunrltanr during ~hcgic,v,ng 

, . 
latmnr arc a8mll.r Thw lndtfatcr that lack of 
appropnsle Rhi:ohrum la  not cornple!eiy xrponu. 
blc bi paor nodula!kon The poor nodulsllon 01 
legumcr sown on rcrbdual mowturn. comprsd to 
crops sown with >rnpn!lon, tempts usto my thal the 
early presses of neduhtbon-such I S  tnfect~on by 
rhlzobla. nodule lnllla!ion and format~an. eti.-an 
nthcr more aficetd by moatunl rwl~han~rnoduk 
functton Rhtrobsa a n  known to rurvwe nnour 

d~grct )  01 drrrivat>nn cipcctrd fin !he roll. hut wr 
lhould conccnlnm on ~dmt l lyng plant gcno,yps 
that can form funclmnal rymblases under drought 
condition, 

Temperature 

. .  ~ 

to r e d s  at rowing. growth and rurvlvsl of u p r o  
phyix rhlrobls ~n the ro~l.andtherar~oulsymb~ot~c 
prmrhsr from rccognrrron of rhizobm by legume 
roots l o  nodule funcrlon 

Rhirabll a n  rvwrpllblr to htgher l e m p n t w r .  
psn~culrrly when eend~ttolu a n  most nthcr than 
dr) (Wilkms 19671 Svrvlvpl of rhrobu On 4 s  of 
T/alrum rpp. Alum rarivum. snd Mrdlcqoloov. 
sown ,n met$< soib u 8 r p t l y  d u a d a l 1 0 ' C  The 
desm of mluFc!on drlxnded on thc a l l  d the 



m!t~aI populal>on thr l lmr  o f  exposure and thc 
s t n m  a l  Rh,:ob,um IBowcn and Kenncd, I959 
c l t d  ,n Burhby 19811 Although rtmtnr dl f fcr ~n 
lhclr mpaci l)  10 t o k m l ~  Icrnperatux the upper 
lhmlt n c l a x  toM 'C lBo*enand  Kcnncd! 1959 and 
I t h ~ u w a  1953 elled tn Bushb! I9821 Soil tcrnpcra 
turrr nachmg*O0Care not uncamrnon~nch l rkpa  
and ptgeonpen g r o w ~ n g ~ r e n r f l C R I S A l  I97UI but 
!he tolcrancr lhmltr of l h r w  ihtrobia rrc no! ycl 
knoun Houcvcr !he rhlrohla o f  chlekpea and 
prponpca d n x c m  lorurv!vathc$r irmpcracurr 'on 
dmons (I= Table I )  

The lcmpcmturr o l  the roollng mtdtum ha, a 
alrong~nfluener on root hair ~ n l c u ~ u n ( F n n y s  1976 
aid an Sul lon I981I and ARA fWaughman 19771 
I n  Trrlilltvm nodulcr il us% obrcrvcd lha l  at 11 
IP'C Ihc fir51 rcncsccnl ,ones wcrc d r t r r t rd  10 dab, 
after bsctrroid d~ f$nn t#auon  u h i L  a! P C  lhrrc 
war r l l l l  nosppearanccoflhl  u n c u c n t  rrlncafler20 
dayr(Roughlc\ 1970) The iclnger p c r i d a n d  higher 
n.trogrr : ut ,n raw. w i n  ;kpcrg..,-n 1 r . w n  
rrr lno.d1?9 O \ 1 ,n.!rcrn lno. ' 1: \ ,  
, ICR1\41  Oh: m.. p a r  L .ra.cc. o x c , t r ~ p c  
scurcr whlch ean rornel8msr he I 0  ( 

11 war noted that A R A  a f  TrihiBuni iuhrr rronrunl 
continued iu tncrcarr l o r  1 dab-af lcr lranrler from 
22' 1n30'C and lhendecrcaxd b,911ri ~ n t h c n e x t  1 
day~ iPankhur r landGlhaon  19731 I hla waYaccam 
panled by marked rtruclursl c b n g r h  I" thr 
baaero~d-containtng csl l l  and b, iccr lr tmrtd 
growth and hrrnchlng of >nfcr l tan rhrcad, I n c o n  
l r l r l  nodvies iorrnrd b, s partzculrr rlrsln T A  I 
wrr lu l l )  sinhle st M'C I n  rlrnliat oxpenmenl\ 
w t h  Tr~Jr$un~ rvhrerronevm Tnfi~lium prulpnrr 
and Mtdirqo soma mducrd frequency wa, 
w o r d e d  of tnlretion thread, as well as icdurcd 
A R A  an trsnkfcnnp phnra l ram lowsr l o  higher 
root ternpemtutrs(Day and Dan 1970 cned ~n Dsrl 

19771  tho,^ obu ived  dtflemneer ~n the xaLttono! 
~ n f e c l ~ o n  thxsds  could h i  due 10 d ~ f l r m n l  Rlji I ,  

hrum r l n m r  Pirun? wtilsm nodule, formed ill 

22'C ioclb71, o t l h r > r  A K A s n d  I7+01 lh r l r  lcpltur 
moglohln alter ? d q r  r xposux  to ill'( IFr lnp 
1970 c w d  b$ \ut lon IY8 l l  Both plan!, and rhwo 
bis g x u  ra l~ i lannn l !  a1 10 ( v h r n  \uppiled ui !h 
combmed Inirrogcn 

Wl lh  ihlckpeu\ I$  r a .  l i lund t h ~ l  dull\ i v c l r i  ol  
21 11 ? I  ( o r  21  l h  ? I  C n,ol l r m p r r a l u r ~  during 
rhc da, re<ultrd indc'rrrccd ARAund p l i n l  y r o u l l ~  
(Dart cl  a1 19'51 I w o  cvi lcr did not ul!ro p l m  
Broulh r lgn~ l~ i .mt l \  hut l i ra rod i c n i $ c l r \  caurrd 
u n  l i  I dc ,  reduc!ion 8n nirropcn f t i i l i < ~ n  iivrr thr 
canlml r h c n  mcamred I4 dovr a!lc, thc trealmcnt 
Whcn c h ~ i i p e d  uurp rouncon t~nuou \ i ru l  l u u i d ~ l  
lerrnl tcmp<rdlurr rcy#mt$ u l th  mr.rn\oil lernpci i  
lun, ill 24 ?h 28 and 10 C durwg the das 
nodule mar, A K A  and planlprowll l  wc r radvr i~c l t  
4f l rct id u l l h  ininarlny Icmpcralun ( l a h i i  ?I 
A R A  docrr i lvd 51ir r! ?h ( lY', at 28 < dnd Wlf, 
a1 WI C over Ihc A K A  oh la~nrd  a1 24'( vh l l r  thr 
i o r r ~ ~ p a n d j n y  dcuna$r in plant g r iw lh  r d \  21 52 
r n d  07'; Milre A K A  01 i h l ckpe~ i  nodul ir  wrr 
obqcrbed a h r n  dd) nlghl lcmpcralurc wmr 22 111 ( 

ui  22 IX C lhan when I! *.a, 111 10 ( or 1U IX ( 
( M l n ~ h l n  ci  ul IYXiII 

At hiphlr l rmpcraturcr pholn\ynthr i~\8, r r d u ~ r d  
dra,ltcsll) iBlack 1971 B lack rc r l  I97X)dnd hence 
nllrogcn Oxition cdn hc ~ndlrccl ly allectrd h! 
~ d u c r d  supply i l l  pholnr)nthaln Xhi-rihiurn 
l t r i l n i  chat &an lhr; nllroyen undrr trrnpcrilrurr 
% l r r r$  rond8ilonr '4" hc obulncd i t k  Jvndcr r n d  
trhraru, 1971 Lie 19141 t u r c h r k p e a  I! har been 
pu,r>hlc l o  ldcnlzfi stram, which can fix nl lmgenal 
ilboul 10 ( d I r m p r d l u r r  l h r l  Ihecrnp iscrprclcd 
,o facc ~n the cnnd8t1oniaf pcn~nrular Indla(ICR1 
\ A f  1978 I C R I \ A f  1984) 

T.M. 1 i n ~ o r o i ~ u n ~ ~ w ~ ~ ~ ~ o o n  d u h d a n  n~trownn..~b~ ~ n d p h n ~ t r n * t h o l ~ h i o k p . ~ l c U l ~ ~ ~ ~ ~ ~  

Tcmpr.!urc AKA2 * d u l n  hodula d r i  man l op  dr) ul 
I'CI IPM C,H.p-1 h I rot l g  vni I lg pot ! 

23 z l l  IMO I P I  21 Y 
YI 11 1 1580 151 I6 9 
12 4 7  14W 1 11 ID 4 
35 2 2  W 0 81 h B  

SE t i  19 3152 dl 161 dl 74 



Inlormnaon on the cffrc! of rrllncl) and alkal#n>!y 
on rhlrobm Ir scanty. m d  11 s psntrularly lacking 
lor s h l s k p  m d  p ~ p c o n ~  M o l l  of the available 
alvdtsr have vnrd bioth sulturcr, and the ~n l l la l  
broth pH can change over !he grawfh period 
(Dam~rg lc t& l  19671 (irowth o iarsngoo i r t rs~na~n 
hiothr o i  tnttlal pH 6 0 l o  I 0 0  ha, k r n  rsponcd 
((iraham and Parker 1 9 0  Unl) oncalow-growlny 
hrratn could g i o w r l  pH 9 0, hut all slra~nsof Rhira- 
h ~ u m m ~ i i l o ~ ~ l f a r ~ g r o v c n l p n w a ~ p H 9  5 \oncur 
thc rcrslnr could grow 81 pH 100 

Salts o l  Va and Cr s n  known l u  k lrlx8c lo 

Rhr:oh!urn at hjgh conccnlrruonr Salt lgcncrall). 
hilCI) concrnrrsuon\ of more than ICr 8nhihu thr 
growth 01 ih~,ubr Il uaa nbxrvcd that growth 
rs,n '>I rhllllbla o i  chlckpca and i.xpca wcrr 
rcduccd a! mori than I I , o i  YaCllt imdhland \ ' \a% 
I9hPJ Xiri:rrhtum rriloliand X h i : o h ~ u m h u m ~ o n ~ -  
vrurrl w e n  lound lo  bc vnsitlvc toO49, ' l rHCO, 
(Wll5on 1931, cllrd hy Huhhh, IYXlI Also KC1 was 

CLIIII~! \anfint< t r ~ m  lhrrr iirur struns wcrr morr 
\ e n ~ ~ $ ~ v r  li, <all Ihdn larye,pum-produc~ngrc~lnn~cr 

11 W A S  ,ugyc~$d !ha! ult, allcel thc host rather 
lhan th i  Hhi:8,liium IW81bon 19701 Hnuner. thr 
ptuccrrca 8nvolv1ny thc $nlrrasl>on bclwcm ~ h c  lur, 
a n l ~ k c l y  ~ t , k  morcscnh~t~vclorsl8n~l) a n d o l i i l ~ n -  
81)  Rootr of Vrditoeri rvriio grnulng s l th  i121i 
huHCo, ,  l i l r  ~n~!anrr.wcrrdcvo~dol mot hslni lnd 
mue#iag~nou, laycra and !hc lurmal8on ul ~nirruon. 
lhrcadr was prcbenlcd llakrhm8 Kurnrr, el ill 
19741 Howrvrr, under the ramc ~ l l ~ o n c r n l i v l l a n ~ .  
Ihr ginwfh 01 rhlrobw war opllmum In  so ikan.  
high ralinn! M U ~ F ~  lhrlnkage 01 root ham and. 
hcncc la~ lur ro fnodu launn( iu  IPXII Sodumchlo- 
rldc a! I20 n>M concrntrar8on lnhlbtlcd nodvlallon 
o i  soyki ln I'tanl,drpcnd~n# on r!mb~o!a nrlrogcn 
wen more rf l tr lsd h) salts than thosrdcpcndkng nn 
m~neral n81ropcn In  conrrur! both nirrrlc.frd and 
hymhlot~c plant, 01 Ifrdi<upc <uir \o urrt rrlarl\cl! 

were farmed even w l h  up lo 0 75% of KC1 m d  
MgCI? (Slngh c! 11, 19721 

Growth of Chkckpcn 8 0  a n d  sulturr ~n thc nrccn- 
h o w r w u d e p n w d  b) NaClatonl) ZOmM, v n k s  
mlnrral nitrogen war pravldcd Wlthoul %act. the 
pcr iananct  of 22 Rhtrohrumrtralnr war eompara- 
ble to 11ra1.s w t h  an ammonium n l l n t r  Ircntrncn!. 
wllh a d d ~ l ~ o n  o i  75 m M  riaCI, howcwr. only onc 
srraln uas r t ~ a f l u n l l *  k t l e r  than the ronrrol 
l b u t c r  ct  a1 1981 1 Rhiruhium flrmnr could gtau 
wrth even up lo 110 m M  of VsCl. xnd8car~ng that the 
rymblnut praccbxe, from root hslr infcctlon onward 

fcrcm and more d~f r~cu l l  IO w d )  The laborator) 
vudica prnvldi a baalc undcrslandlng o i l h r  r)rtrm. 
and thus nccd to k done Bcrldcr dtflcrcncer 
k f o r r n  legume spoclcs ~n talcranrs lo all rlnas. 
thcrc can bc ytnotyp\c uansb>i>l) wlthm a spears 
F l v r  lcnltl cult8rarr tclitrd al d~lfsrrnt u l r r o n r s n ~ n .  
l#ons~nd~caredgcnolypieddicrrncc~lKsl 19631 DI~. 
Icrmecr bclwrcn gcnotype, of plgronpc. do cnnl. 
hut thrrc 1s r ncod lo  ~denlil) pcnol)pe% tolerhnt to 
~al ln#l! Ik,sli crpncnccd ~n rhc ircld (Y S Chau- 
hun. ICRISA7. personal cammun~caf~onl A 
rrccnlly concluded stud) at ICKISAT Ccnfcr tndl. 
catid gcnnl!p>c diilenncc% bctuccn pleonpca lhncr 
and lhclr a,aocmrrd rhtlobia lor lolcransr to dllfcr- 
en! e l !  cnncrnfml80na (Subba Ran 1984) 

Xh,:ohiut,l stram, ohlalnrd irom ralt-affccfcd 
nirllr ma) be marc lolcranl lo ral#n#ry and bcurrable 
to crlahllrh a r y m b ~ o r ~ i  wllh the host Chickpea 
s lm~n lC-53 l e i  Ih ls l .  #robad lromauihnc fieldill 
ICKISAT Ccnlcr. produced greater ihaal w l g h l  
than Rh!:ohru,ti rlralns irom normal fieldr. rhcn 
comparrd I" pat$ conralnton r ~ l t n e  rol l  7 ha aram 
produced 63% morc yram ylrid lhan Ihr control 
treatment ~n lleld rrlali ~n a r&l~nc sot1 ~n Sudan 
IIbiahimund Sdlh 19ROI. Slmlhr obsenal~onrwrrl  
madi (or Rhi:ohrum of Srshoniv irolatrd from salt- 
alfcefcd rotlr (Bhardwat 19721 

unsffcclcd ht salIlBrrnrte~nsnd Opala IPhhl \od. 
vlslcd munpkan war mom ariec,rd h! ~r i in i r )  than Conclusion and Future 
coups (Balaaubrsman~an dnd Slnha 19761. and tn Reoearch Nnda . 8 I lo"Y l.i Rd~:cd n...IM. O! IIIX~_.LI pcr p.lnt 

0.c 10 a n .i r a , : o m l s n w ~  ~n pan q n;rrayc '40%: ,I n r  6nou.Mpc ,r Inr citccis o l  %tress lac- 
n ~ . a r  s . 2 ~  \ i u t r I  an0 h ~ c :  961 ton on B\F comn lrom ~ d . o  on r n u m n  o m :  

Syrnbaotlc auaeeplib~ltt) to salt stress also vartrr than chlckpa and pnpconpu Henst mow rlud>os 
lrom salt l u  rr l t  In  lurrrnc 07% NsCl complcrcl) on hou thew two crop plants m e t  to lhc %tr ru  
suppreucd nodulr lormalaon Howxr ncdubs faclon arc IC~YIIOI Rht:obrum r l n i n r  growlng t r  



v p r o p h y l n  I" Ih r  1011 cnn tolciacr i l rnr  cnrlron. 
mmw much better than tho host lrpurnra and ~ h c  
iymb8or1r Also. Rh#:,,h~umrtrs~nr tolerant ro romr  
sf thcar arcs5 lactars haic k i n  ~ r u l a t d .  ,he\ can 
aka k ldcnflficd m o w  sanl) than lolrranl horl  
plsnu P h n l r  drpcnding on rymbiotic ntliagcn rrr 
more prone l o  thc sdvcrhc rlfccts of druught, rol l  
Icmpenlurc. hlgh pH.  and u l l r  lhan arcplanlr kr- 
lilizsd wl lh nliropen T h ~ s  rugpc-11 ihal idrnuticn- 
!>on of genotypes t o l c m n ~  lo thtrc s1rc.r faclon 
lhovld bc a f l r l l  step ~n oierrommp the advcnc 
inbrtonmcnlal eflec!r Ail  the rlrc,, factor% result ~n 
absence or dir toi l ton of roc,, hrirr .  the \~!r vhcre 
rhizobcs cnlcr the hart pnor loc~lahl8shmenl 01lht 
r jmhlor ir  Hen*. ~ n u b c u n p  lcpumc genoope, hrt. 
rcr able l o  rolcral i  sfrcsr factor\, rhcabllil! l o  form 
normal roof ham should hen  m i o r  cnn%ldcral~on 

A1f~dya110wh~.anda luh#chr layc  Ih r  rymhlo- 
rlr bwakr down under rn\#rnnmen!al urerr IS 

imponant from a pnsucal pol"! 01 >lev, and i t  may 
prorldc more lnlurmaoon about Ih r  prmrss l t rel l  
An lmporlanl ronlr$bution ma) k cxpecrrd frama 
c o m p n l l r e  alud, klvcrn gmo!)pe~ chat dlffcr 10 

their EBWCII? 10 etUbl8sh a s)mh#o,~s under s t r e l a  
condltlons 
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