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,1,I4-r-lbhI_'rhle cfect of-oic 
of suv-r 

rying nostc'r1ie soil onth(lium11ber 
of Rhz u strins 

'I able 2-Number oIf cells surviving air drying following growth 
of l1hiulnum added toster~ilized soil. --

No. before-
teying
X I0,1g) 

- -S~ri' 

allIgV o 8v1t *r w t n 1tes. 
Noat 0dayvhii-t e - 9 d I) s t Uiod90 

R, ineldloti3l0h13 
R, meliiloti 102F34I 
X Inedi S1%60-
R. phasfcli6.3 
R-.? 128C53legillimSiar 

t ND. not determined.-
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. 
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2(0 
M 

2.itb 
20 

1 5 59 
1,400 

810 
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8 
1,1 

NI t 
081 
N)Dt 

h-n 

palteIrized or stci iliZeLId the bacteriia thenaie 
allowed to grow in them,~ To mimic this procedure 
an experiment wvas designed -to establish -whether 
growth of thle -bacteria. in Soil affC~tS 'their rCSiStan1CC-
to dIrying. Fowr Strain6s ' I?hiZobiwn)? Weic inloculated 
into autoclaved Limla silt- loam1 at initial densities Of'-
about.10lO]IelS/g Of Soil..Thie Soil Wa s amenC~ded 'With 
0.1l%(wt/wt) sucrose, -and the niiStUre Was' mlain-
tamned at W4- (vvt). After 14d, the soil was allowed 
to dry in air.-

-

The data in Table 2 show that allowing the bacteria 
to grow, in thle soil resulted -ii large numnbers of cells ', 
able to' Survive drying.- Moreover, a comparison-f 
thesedcata with those reported above show much 
greater sIv i l if' le bacteria hai been allowed to 
grow in soil Even at day 90, the count of- the three 
R. mcilloti -strains was about '30%. of that- at day 0. 
Because R. meliii 102F34 survived well and R, phas-
eoli 6-3 survived poorly in both nonsterile and sterile 
Lima silt -loam; they were Used iln -urtither studies. 

It has- been reportd that tie resistance of' intro-
duced Rhizobium to drying is afrected by soil prop-
erties (I5). A stUdy was th Ii initiated to assess the 
significance of' soil characteristics to the resistance of 
rhizobia to drying. TO Ldetermline- the' effect of* jl-1. 
samples of' 12 differ'nt soils with p1-I vlues ranging 
from 4.8 to 8.0 and clay- contents v'arying from 24.5 
to 30.5% Were Used. It isevident rom 'the data inl Fig. 
I that the 'number Of' SLIiiig Cells increased as'the 
soil pH increased (r =0.859. significant -at:he 99.9% 
level for R. ineliti; r = 0.723, significant at the 99% 

- ' 

-6-3 

- although survivors in excess of-1. x 10'/g were only 
noted in - soils with clay content of' less than about 

-25%. 

study Was conduCted to determine the relation
 
between soil organic inatter level and Rhiz.obitm SUr
vival du iing desiccation. Bccause the- previous find

-A 

suggested that low P!H! and high clay content may
 
be associated With poor uviival, Soils with pH values
 

-ings 

and clay content >35% were excIluded fmmr the 
stu J y. '[heata in-Fig. 3 show that as soil organic -

-

I -

-

matter increased from 0.3 to- 2-3%, the surIviVal Of'
both rhizobia also increased. 'Th& correlations were 

-<5.5 

8.. 
__ 

R.phaseal
0 

IW i(t t 1J ~0 '137 29 
U. m tii uIti 102F.1 19,800 34 34 
B, owelotiM36 6.700 .36 31
 

ph' l G- 450.8 41
4. 

ntiradring tit 6to6 W0% ad ,ater S''
 

dvta di v 

tCiIdi bOlw a p11nvatue o(ibout 570and beteri sluviVal 
at highif 111 ValleS. With no0 diStinct p11 cllect amiong 

-the more acid soils-oi- those at highei pH- Va1LICS. 
The influcec of' clay content on surIvival Was as-

seSSed Using samllpics o1' 15 different~soils withv clay
 
content ranging ii om 1.6 to 64.0% an1d PH VallUs rang
ing from 6.7-to 7.3. [he data i Fig. *2show that the
 
surIvival of' R. nwllot 1021734 decreased. as the- soil
clay content incieased (r = 0.860, significant at the
 
99.9%' level). If the soils were separated into two
 
groups, 'one' with clay ontent '<25% d the other
 

with >40%, no .oi iclation was evident within each
 
group. Howeveri thle difference. between fj he two
 
groups was significant at the 99% confidence level.
 
No distinct relationship was evident for R. phaseoli
 

(r = 0.165, coielition not statistically significant) 

level for R. phaseoli). However, an inspection of the0 

- T, o; R phaseoll -7 - imelioh i 0 t 
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~i'g. F I Reinilun I~ctci~ surival and soil p1l. ig. 2-Relation iiet'%ieu survivai and clay content of soil. 
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statistically significant at the 95% level for both bac
teria. However, in soils with organic matter content" ;. 

S tcen 3 and 11%, no correlation was evident be- 25 50 . 5 
.. . i.. between wta so niwaater content' . " - "tween thc percent survival and organic carbon levels.3 lto surw. and ilr b . . .. " AVAILABLE ALUMINUM (kha" , ...:Thc value for Soil matric suction when roots can.l Fg. 5-Relati between sirvi,.. an.d.iilable A content.no longer remlove water fromt thle su~rr-ounding particles


is about 15 bar (1) 13CCauISC a similar inability of the 
 . . 

bacteria to compete with soil particles for water lCly S srvival of R. I)Wldoii and j,l 
. 

C.+;fl.R. .S evenenlinfluence rhiZObial suVival as Soils Undergo drying diffellt 	Soils With PH vaIIlueS >6.0 and clay contentan experiment was performed to study the relationship <30%( were used. The data in Fig. 5 indicate that asbetwecn su'rvival and soil water content at te b.-b .5the content of available al1minum increasedthe sursuction. 	13ecauIse Organic maltter' imlparts good water-. vival of R?. pha(S(eoli dcreaFed (I- =.9,sinfcnholding 	 capacity, soils with organic levels.matter at the 95%c level). The reaiosi wa sgnistically>3.01(%Vwere not Stu~died, The data inl Fig. 4 sho that 	 sgcat t V ,0)frelatinhi aot saitials water 	content at 15 bar suction ic'eaSed, the S r- As indicated in Fig. 6, a relationship appeared 
. >3 

', 	 vival of R. mehiloti decreased (r = 0.922, significant exist between the level of available phosphorus and
to 

at the 99.9% level). The survival :of R. phascoti w)as the SIrviVal of both R. pha'1oli 0-= 0.585, significnt
anomau, incasing as thec water content at 15 batr at the 95 level) and R?. meli/wti (r = 0.5 10. significatntrose to about 0.05%, falling at higher levels, and then at the 90% level), However, iftre va ' ,lS'c 	 33sep ilttedrising again, into two groups. One for Soils with <5.6 kg P/ha ndA stu-dy:was Made Of the posil relation-ship he- one for soils with >15 kg/ha, the d ifference betw cecl 
tw...n the concenltration of/available P and Al and the. the two groups was not statistically significant. 1low 

3 evcr, these data suggCst that Soils With less thn about 
* , A3 moloo 3.5 	 kg available P/ha may sometines be especially ... 

"-deleterious to the bacteria during drying. 
3 *-9 .. ..
 

9 . '~ .~ DISCUSSION
 
.
 After the initiailly rapid decline il Rhizobium bun

- dance duiring di on111\. llchange in popuidla tion 
L>7.0o den,Sity, OcCurs. Similar cha cS have beIn repoltud 

f species ot'Rizolile otheir than those studied he(15, 19). However, the final. peircent of' celIs that su . vi is sti dependei,. Moreover, some trains sui
" : " . ' 
a. 	 v d weilin air-drtle atiloclaved soil b iiot in ai:

dicd nonstliiC Soil, possibly becauIse Of a p'Otertave
ffcct ftim otrganic mdteitllS Soluiilized 01-ilteed by 

0.05 0.15 0.25 0- 015 t e itteatn o bciseoh r mful fucs po15 BARWATER com)onents ofthe itidigeus niiciofliisL 
Fig. 4-Relation n and coAR at 	 (5)bvlt.-	 urvi-.l water nt- IS bar to.o.. acting before the water content falls to levelsSuction. too low~ to permit active gio'oth or ictabolism V 
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knownito affect tile a:tivit0, f, RI iCo.ill tAcidity isItis+shown'l 	thiiir Ji an /in Noil (9l). ttcr' R ./,a/ ol. R. 

ilpL'iiit ate pIrticulrtik susceptible to drying in soils 


vitl Ji11 ivalue- 6. . Tlhis v tic is higher than• their 


critical" pl vallte . hih e conitsidereil
;irltltilly 
to be between 4.6l id . for I5o. Mt'lilitii aint 4.0 and 
.itlor IR. pha o ii ( ]t . Ithas',beetn reported that R. 

lIIIII l id nI I Llftc l -+tO\.]'apft 	' NtIr %i\cVC an t of beans+i fith1e 

plallit , %etC init ttlateil llh uir-driCd soil stated ta re 
3.5 	 years. providel- the soil p1l was 5.8. ()inthe 

hand, no0Nll rlti/to bia \ etcefoillnnd it IteOther 111i\ 

Soil pH 'Au • 5.8 ( . ,.\ltttt1iiiltnl toxicity ial ie 
invl\vld illthe poor survi\ia l in a ois,.ods, (1)0 
noit the Nodas u inWw invtipait "as highly 

ot hesais t;esie11,lt~ sedit 
acid. 


is illiteThe predonuinant clay i- tile soils utsed 
(41 ; ) and fthe ahiout t otf moitutorillonite is • 3' 

K. 1. ()lott, personal con i unicatiotl . llite has been 
reported to protect R/i i<iimt cells from the detri-
mclital effects of' higth tc'ilperllur l I l . In soil, with 

petce t ge stilS i sAl of'b). ,u 'l-
h i{gh c ilt 'c te t t s. th e 

iloti 'A as los . It is posille that thi lpoo r tl \i.s6v l is 

telated to t competitiotn et\cclle cla\ paltlicle" aid 
tgl l ll l lthe 'lim tited atiottit t of, \ lile. a t tfleost 


ftindliig') Of a highly siuitiicant t cl ltion ct\, c 
te tl Contett itstir'vi l tt Ri. fl iH itnd (l w it tile 

"oil at I co nisttit %kiththis hvpothetl.b 	lNutc tiotius 

()11the Othet hanl . altho!ll sOil orgalliic matter hias 

a high watel-holding c p chil,,nt greatetr survival \%sas 
-Y(;.


llOtCd s\ith intreasing soil olgalliC Mattr lCvel 

Contradictory findings, CXist oi the telatittslhip be-
t-eeil soil ) content and the dechline of thi.oOia diring 

'
 
J..v .46. 198 

Sen 17) totnd no correlationd-.ing. lhti, Sen and 
betCeen soil I contet! andtlhiolial s1trvivail in ati
dried soil. hut Pant til l,.,itatt (14) ltdll t rela
tionship ett1c I he sri\ il tand
itsoil and t'hi/ohiai 

.ukder conditiotns ot"dr. iLg. No clear rlttonshipits', 
e'idCltt in the p+,resent utl,. 

ii,
It is thtls clCil that CharactCli c l tb th soil and 
bacterium cotiliillt. to the resistlltkc Of tic Ittl

iioiltnltoduIeha lt.ia to loss ill\ialilit\ aN soil Ise \,ater. 

rcl. tihe tltding thalt certain str;lIns ill sottie 
mineral soils persist in laqrc nttlmber+s ih little vii

l stil lmight hebilit\ loss- siggests that s+lch tniliclt 
goot carriers lotr iltctili o trl1t-ntodutle bacteria to 

tsetl infields ltilCctd to repeated atCy clC, \\Ct

atn dr\ ing. 
t
 

The %ies ail interpetatiotns ill this pltlicatiotl ar 
those Of tilteitlthoar' and , 1houldrot he attrilttCd to 

the Acrtuel ftar Internitiotlil l)t+eloptililt kirto ainy
d ig i AN~ ~~~~~intlviclaiclt < O U Tll' 

1 1Iritis. N . I' 1t97-. litnilitilic ,irit i otp.tic'. ot oils. N ic
ittdli utiiltihithig ('o.. Nc.\ Y ik. 
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