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Table 1-Media used for different experimental treatments. 

Additions to basalt solution (A.W)Experimental Latment CaCl, .MnCl, AIWtSO.i, Klf,PO, K.HPO, KSO. KC pli: 

Expenment AFull nutnents 300
Low P 500 500300 

0 
0 

0 
0 

0 0 4.6 
JighlM n 10 0 750oo 0 4.6200 0Low Ca 500 500 060 0 4.60 0 500 300 0 0 4.6 

Experiment BIlligh Mn 300 200Low Cr 0 500 500 0 0s 4.514.8#0Combined factors 0 500 500 0 0 4.54.8s0 200 25,50 5 0 0 1.500 4.S/4.8 

Ca x A] factorial j!penmen C50.250 nr 0 0.25.50 5 0 0 1.500 4.5
1.000 or 100
 

t Se Maenals and Methodi 
secton.
 
: pli adjusted with HCI.
 
pit 4 5 for test with cowpea rniscellany and 4 h with R japonicum.
25 ..M Al for test with K japoucum and .0 P.f with cowpea rmiseelhlny
 

t.peit )-C-'hrr" strains fromn rhr v p niirllall,i wih 
ptrd 

the Al. This may be of significance since all these%,rrt I.I Al t.1 11 : )a1lr rnb o ,f.at 4 5 il otnipisI I Sj i plv Arrv' takeniI I I IIv- !.l12 vieek,%rr II,] II Irrck factors could occur together in acid soils (MItns, 1977,gll~h li peritel for %jajr 1(0t1 lt0 ri pltal r :,.ml%olumnidisrpc'ISid Inr 4 te, (.A) (i iliIt's.a.dil Cur 
.€re a , )).
 

,olutilII to 
III l Irn ,aSal Compared with soil solution froin
Il lusird pit 4 thr IIIr'iliatlI.n (utIiitdlll 'ere 

anahlses a i'iuc 
the , .IphrtIricti t V anpd,fll ua 

spectruill of soils, 50 )Ll Ca is realistically low (Reise.1i ititri atter, 19fifi; Gilman and Bell. 1978). Vincent (1962)reported that (:Ide'iciencv for several strains didoccur :il)ose not 
atRESULTS AN) a level of 25 ,,,If pH 5.5, however weDISCUSSION found three strains which did not inake turbid growth 

.t low plH, at p1I 1.5 witli 50:50 ,.f ( anid 200 IM t inimposed able ,.1f ('.. These satne strains wereto m, ke to rbid growth with .100,.\Calittle, if any, stress to the mcijority of cowpei nis (in theellitnv high \IIn treatment; also Kesser dand R. lapoir urn Stra ins :itl.Ntunns, 1979.)(Fig. I and 2, "Libles 2 am A similar iespotse hAs3). Reults from Expcriment A (Fig. I) show tIlat for 
'bet fotutnd by Rerkasen (1977)' 

while It) 1.N P limited population density in all three 
some f.isc growing rhiobici. While it is liffictult to

find daat onraiins. 200 ,! .\MInldid tlot. 
soil solution .\in ;nal.ses, the 2 00 -/"I'Itd 51.,,If(:.,I did so only level estedt- hete hasfor strain II. I)teen Nflow:n to be inhihitorv to.Xl1. 'hle d.ta suggest high Mn Itnv

hale .low es 
sest'rcd legumes grown ii)ilnsllbioticallv in solutiontarki, [ALg owth raite for 

1 IFig. lb .ind It). 
I169N atld T.kI. (t ltire (Mois and Pierre, 1919; Andrew and Helhe turbititv tests of Experituient gartv, 1969). Rhiobi;i haceIt (Ia)le 2-ials) demonstraite the fairly uniform tol- lesels of M i up to 16 Il 

been shown to tolerate 
erance of low ('i; it mllinel, but not in tllediaand high N\Iln Of tile strains previous,
ly determined is (acid -is reported here (NM.astersotn. 1968: lolding;isicid tolerant but Al sensitive (Kev-. ait II. I) Fute.ct\Crl~elvls ofser atll i tn1s, 19711), three 

I .owe, 197). Further, comparable l both were sensitive to low (hi. helse at(ldits factoiswhereas none of the A.l-tilermit strains 
((i antidIIn) are known to adwere sensitive versel-to the \In or ('i. affect either tile nodul;,tion, nodule function 

or growth of s%\rnboirtic dri nons ll)iotic legutnes thatTa-Il]e 3 ,hows that 
single 

while Al is the most severe lre hosts lor these str;in,, (Andrew and llega. tv, 1969;stft.s to Ithe itioba, .il ,dtitiv-e neg,;tie e-
fe(t i, fontld for a few stains (172, NM3, 
L.owther atnd l.otneytr, ll, 1971; Munltns, 19 77ai & b:61A101. and .\nt ew.A 1178). Ihet efore. tuler acid(I.A112) when low (..i conditions tileAnd high \IIl are also present toleraclce to low ( . or high iIm atong most slow. 
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Table 2-ialpone to low Ca and high Mn among rhizobia in 
different tolerance categories lEzp. il, 

Number of strains T,.e to turbidit, in days" 

."nai- onri 50 _%fCa 200 kf Mn 
ti'.e tie 

Tested toCa toMn '1 ,1 x 

rll elhny 


SenItie Wpit 
45-_%tl 1p| 

Tolerant of pli 
45.entive 
to50..%f At 10 3 0 8 4 6-12 11.4 7-24 

Tolerant of 
50 ,.ilfAl 13 0 0 M 1 6-15 9.2 7-15 

Tolerant of pt| 
4 8. sensitive 
to25..%1A] 3 0 0 103 10-1l 100 10 


Tolerant of 
0 0 86 5-10 86 5-1025Af Al 7 

TMean initial dmauits; cow-p muucallany 10 "'c.mla. It japunirum 

10 ceam. 
Tho of these strains could grow slowly 123days to turbidity, at pit 4 S 

inte20 fM eim1o~iigInk 1CIIlr0 
%lhe2O Mnin umlcntAi ln.SI1'| 

I ange. 

growing rhizobia strains appears ,, 'east equal or sut-
perior to that of the host plant. 

The reults from tihe (a X Al Itial are shown in 

Fig. 3,:Mill a suinliaritcd anaissis of variatice is givtlt 

in iable .1.Though statistical aialh sis imdi, tes si g-

ni ifiant (a interattion effects foi two of tile three 


stramis, ins,,el(tion of the growth curves suggests that 

(:, i)iltrs gt) little protcCtion against Al toli e Ili()-

logi ails sitlifi( ant. 

T-he slatlstital alal'lsis fol IAI. 11 slows it,)t111il 

,irinterattlion tetts of ('a. All levels o) .idded Al 
iiait eatlv rcdititi iiIlpopulationtuscl .a ,i 

densit ',with ith- 25 ,.% AlI treatment thercaiter show-

ing a Lister grow'th rate Ihal the two higher levels 

(Fig. 3a. The low P level in this trial litrits total cell 

number Ind thetchore prevents the response to Ca 

that TAI. 11 .showedin Experiment A. 

For TAI. I89 (Fig. Iih), the initial large de(rease Iln 

viability occurted onl , at the two highest Al levels: 

however, this strain was able to recover rather .',ll, 
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Table 3-Reaponse to individual and combined acidity factors 
among rhizobia (Exp.BI. 

Time to turbidity. in days 

CombinJStrains 

Strains 5 ,.'.fII 50t_,/Ca 200,.MMn 
50 JM Al? factors 

'elilp 4 5 

7 7 7 17 17 

7 7 7 14 14 
163 


425 

7 14
209 8 7 15 

14 .5
172 7 7 7 


M3 7 7 17
7 15 

7 14.8 17.6Mean 7.2 7 

1 48A 5 

25 k.MAl 

5 20 >2561At01 10 5 
61A112 10 10 10 20 >25 

61AI24 22 10 10 > 25 > 25
 
61A144 10 10
10 20 20
 

61AI50 20 10 :0 > 25 
 >25
 

Allen519 10 10
10 25 25
 

20 20
10 10 

nd nd
 

Allen 51l 12 
Allen 542 8 10 t0 

5 20USDA 330 10 5 20 
I 1 3sl > 25 >25-1 0 

90 >20 >20Mean 124 88 

TValues fromismultanmws studies reporte in Keysr and MunnA0 9791 

though itlower growth rates. StatisticallyV. the effects 
here .te ,Aso IL ely die to A) and tittle,levels hut 

there were siialrle fets (f il first and secondeli (Gi 
Order inllticitiols. The Al (:a eife(tI aplears to he 

dIliv to a sligilt t)1ogc,,ivc respotnse to increased Ca 

lI',els 0)1l3at tile liglhest level of Al (100 ,.M), this 

averageddetcriuiiied frot, oiparing all ( i..lmealis 

oer time. Foul Ilnsp)ection of all individul means. 

the siglnifitant st'(o1 order interaction aplearst Io

due it itlonger lag peiil in tile lowest (a anid high. 

est .\I level ;as t)ItIplared to tile two higher (:Ale eli 

at the salie Al levels. IHowever, the 5n-M Al level 

it lielowest (XI addition grew slightlV faster thi.,1i 

at Ihe two higher Ca levels, so that a lieaniIlgiul trend 

i" not apparent. 
For TAI. 12.5, tile results are more statistically corn

plh ated. The sinttple features are that even at 10) 

i, .AIAlthere was (o01parativly little initial decline ,i 
) to ),.ialilitv, thete was good carl' growth witl 

I.Al. and the Al-free treat ment dis)la ed the gTc.it

est (C esponse. inspection of the appropriatetI From 

illealls, tihe first- ant secotid-order Ca interaction% *.11 

combination of the increasiniz[)car to be due to tie 
tlltm
and "%f Al irli ,. 

resp~onse to Ca for the 0 25 


and tie slightly In raiig )ehavior over the (Car-in;,"
 

at lO0 ,,%1Al. 'WhiIe this strain displaed the gre.itest 

effect 11 Ai tile domiflatinig f fet is %I.ll resl)ol)5C. W 

are still clear (Fig. 3c). 
usingIn tiletileCa . Al trial, Al activitiestilewere tal 111elcl llhel ulaicdiItir Applroximatio~n of 

equation (A.danis 197-1). Ilnreasing Ca tll 1t',1 .a 

tion% did ,tot seriously lower AI actiVities thltoith .111 
25-.0..1 AlI tc.lttient.

effect of ilonic strength. In tile 
the Al attis it ranlged htntIi III 4. at tile (' I. . 

level, to ]l.5;at the highest C.,. [he cotrc'p'li I,ll; 

i,)1l .,% wte 22.7 to 2) hlor lilt- " I.illgets tivils 
for the 11)) ,.%1Al tetfi.l.Al Illedia. and 1) 1Ilt)11.1 .tllts I \1. 1l,,T he initial t,limn s inI uIt s lot-

t deth o it-t1. Iltit ti)
lir [I.\1 I I were tl dii 

Clllipig. Al 11111113 Olii ilidtltil tlillpIllg, ocl),el l b\ 
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). 0 TAL 11 

I Table 4-Analyaja of variance for Ca Al trial IEzp. C. 
z 50..M Co 250 Mm Co 100 Stn 

- 7 iource df TALI I TAI. 119 TAL 425 

U16 
.....-- raIt .. 

: - :5Ca 5C " 236 017 4161Co. . "
 2. 6 14 2 10 18 6 18 
AI 3 J326 .2735 ) 00 O0

*2 10 18 6 14 2 10 14 481 *:Time 3 124 . 1_1IUOil 13600"* 
TIME (aoys) C-a Al 6 I(o9 2 980 2811 

Ca . Time 6 0 2 10 287* 
Al . T, me 9 11 21"* 672 3322000b TAL i89 *Ca Al , Time 1 097 3 219 ° 

439** 
I- Error 

(A 50)SM Co a 250 AM C IOO0jsM Cc 

6 € ~~0661.! 6, ID D I Slinica nceta t probaalty I-veio05.I 2. and 3 a~terisks r-jjxc<tivrly 01. andO001 areIndwacLaedby 

o 2 6 0 .4(18 2 6 10 14 18 2 6 10 14 18 

TIME (dot) 
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14 18 6 iflatha 'dI %llinilaI l altalltinl ,t rgtai.r, ill tropl a l Anld 
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Fiak. 3--.rspontor of (trer (ohpe,a rhilobia 1o fa(iorial Ca ani (,,lhnaa :. (, 1'. And 
 I C lhil '', Sll s Iltulia ludicAl lertel (Exp. C). thalhr 1 

5),l Rc Inon7 7" 
fill %%r+ (1 ,.ail'$l(lh ,I lrjaa at...dl )1tit1 tlal...llll .\ta l. J, 

0 hlling. \ J, And J I,, I'sn i', hC tsI '7'i7 cl ,,I atiuaitRerk isen (1977) it very high Al cioncenlration (I Aul hta5lIIt'l .0allit Ih .:,,hit' hillinltcU Ilan at
 
rn f), w;,s res'trihtca to faiLt-growing str;ills, not slow 'toflJinlll P lI If.() /a I \ 
 Ill. And 1 (. .ialuhhi (tlist
 
grow,ers. ltilth+l. ]l ,ls-(ontraistInlcTOsfo l of tile Il. g hxtil ntt l l 4Aind tutal hIab
growerl mti,,41,t ti\. i u 4(1) altPl ll .lilt i spo-tsUSJ)er)lsion in fhe (a / .. l trial inlic;ted that almost 7 k,"st-.. II II \,,I

aAni I) N Muli 11079i I,,ltiant of Eaio.all cells wete isolItedl froth (ai other. Ia i) 4I1 ta0iht. AiII.lntimLaT. .11111jhlnsphaitr 5 stI 5 AM.m 
For growth of legulmles ill nutrient solution, Ca 1.I 1:'.l',23 eiuc,levels from I to 5 t.M Iain amieliorate the effects of A] , I ontrlaganl. ~ li.l ( t t'

ofl ( .1 Andt IfIt'll1%I I AndIll dwI I," 1111.1114,11lI ,Joilg (ofIl I!l", [(l I fii atlttnio
(.Munns, 196.5), but for the Ihre thiol)a tested here .%list .Avia Rrs 'I It, 172 any benefitial efecls of in(ic ;ased (XC: i1 to I i.1l . l.a,,sila,,I W 1. . alld J I I t(lclagall Ill7; ( alcll it)
were Slight. This aglees mill Niiilar observations oil I " ,,dulan'll i , hg lt, P 1, of I I I Ita1c (Ith . sLAl41n1tother Al-toleralnt 'strlin, ilrkasei, 1977) Mostlv. (,n I ) 1 ,, I,,1Il "I asolh "t.. I. Io. Ifil Is ', ",,m ,. i,,itlaJ tls ,n Itdted at heie c( nltir l that Al (11i be couite inllil lioi' tIhn t n I ,',zE '-,1 sai I Il f a I ,h1laId,' 11.i,,t I Ilih o) i.t. ill illie sit "fills I . liltsn , an initial le( l ne II N1,111% II I) Jll %%II 
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ill vi af)ilit' as well as ;Ill inlc isctd l Lag period 11. tIolandl a liaJtl:, o1f lf l i( '(I II(t'"a.l 11J1a11Sto, \.ll 11% 'inaullits
reduced giowill tel . An C.ll d'cline ill vililit\ hof (uhr ,li ioalz 1] h117112, ,ht,,lwo, 1
also h ell delaill'stlatecd ill mcid (N irulent 2 1!.I 5u 't I I \gusol ail lit. ] I(,, I. o -,i 1 ,lllC (0,N I ' 7a ( -,.'' l l h l a h'L

W atCls, P151). A.' lils oif stLaiIs 
 to re(over ;titer a I; 'aaia. 1) N 1,4774 1 \11,1,-,la i1 . i lah, h int,.large initial aelint ill vialbillt, ill Ih lipresente ol AI ,, If p VO I, , i It \5 I I ud .i,l \ II (.ab13V ill pl,, |)hlsiolas i al ta.aptatoar (i scle(tioti of ds. t,,,a , . I,n t a, (itu n'l l l ii, a ti stn l,,ll I\, \\'1r% 
g e n etic .alaay t ohlallel i aI) ri.ill*.~s soon) Nrss. I \ slas.o 1 N )l, P77 )h ' -il jiait s .tn d r, ithnid ata ,: i p

Filalh, + it lie nore Illpotlp illt iherall(es a )iong 211 I,/ M \iw,,I [ \ s I\ an .1 l I I,,,-,,%,httiilitoloild be serilite l in thl 5(111 %luill tllent, thaen lo.,,f,,,, ttljailI 's ,bM. On, h21 " Il z t lai,,is In l AV
the abilit t) lll til'c i oa Iagi enlI l, tilt l.illi c .1 I11l1irtll I ui: lljh,,ul I .II I lo to,, I,, Pi hl I ',stta i l Wa iija I n .a %A ila ;lalll i i l e" g effects a' 4",,in I. Ii SI I' l (rid) S i ) 1'.lll , i .
stJch soil .1 i i ts lac iot s I the tgllille.111itz ob iu mt ,i m I ., l , .- . l ,, \ 1 ,, I, I p 111aI 11. litdt . 

It. illl'll Ii, i ... .. 11 , I t,11- , It .t.,h I1,. 1ln,I'",Iit lh ,I 1 - d ,1 u h, h.i.Ah . 
,l,II ah l l iia , l, 1. a ,l S i 1 lii k\t, a II I Ilt. 

Ilr .iillti ,i, o .1i I, lhllik lis ls \)-jl, lt'.I tiulll . . ur J.41(1 Ili 1i,- i ,.,ia ill LIo't \L'la
' I, It i . , I ,616,, 11 .,"'! li,, .., i t i ii il lI lIl ' SlI lJ(ii It,, ' (I 7 ,II lll+,,h . i, : I," i', i1-', , ,, DI '%il [ id, !i. liilt I'lo tit ! I ll~ l I 1 2',._ hli ill , t ,, 11.i \ 1 , i i. , '+ l\ l + l l t [?1.l i1 -~jtli1,! , ,li t', 'I .i l t ,l~ ',
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