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Stimmary The sirvisil ot dil'ciini r~inm of R ' i ,i H, imi unwa.i, ,aluated in throe soils ssith two 
matric- and three osttiottttCiIdiiCd tiloit rie pocntials. otlt d.hiIe and ttldded Na]' significantly de
cr ased population. 19)and IiM o, ' matric- otStrains CC S[)A cre ell'cclcd th, osnltti.-itduc'd 
desiccation than strain, ('1 IS'L) anitt'SI)A 123 Thw -i \,|all 71)9 iandk'S).\ 110 at 2 ;;ilI,s 
with 0.7",, added Nat I \sas 33 and 40,, 'f iitil count,it in 'il uidergoim dr.iii,. and 70 and . )', ill 
.ail; naintailCd at the 31 k1a 10.3 bar) pot.iitial. Ctmp,.. ahl u,\ i;als (IIBiIStIN and I 'SI).\ 121 \cr 
15 and I",, and 56 and 5')'.. rcspeCtI,! I. -hic soil \ili tle grcalet, cla alld oigatltl C cotictls 
t,itttahttd tile iihest populations din d ,:e:atio luIhidoix 0meC,si'rcttICnt iiidiCtCd simil,,r rAiCs 
ofa roxtli of the fIi.r it talcr I (.9,,) .cast (NNMI. letstraiii a ,:titt\ .!, I ol ill niannitol htotl Y thw 

NM: \as adjustCd Ll,,erIl toiloss i'it, -71) I'SDA 1\fitl r k,atcr strainis. (C and I 1II e1 sit0ils 

sho\ed irvatc" Lro\th th1i did striin ('11 I"i) aNid , ';I)A 1"3. No gro \tl of ( B ISil) and I SD.\ I 3 
\Ias olssC"d at ill I,, o ii.t)7

5 
. W 'i(koL til isoth rnIls ol tirce/C-,.rieCd cell' Sl'i\Csd that tlteafore 

dcsic.ilmtioitn17ptil, ,trahl, I(L '7 altd '. SI):\ 110Iletaiicd ercatt1 kimitiit of \ cr !t a gvCmi 
rel. tis,. \.'por Ipessrc thain did the I\o nioe olcrait irain s. 

INtR()I).I (I110\ 	 mutants of Rhi:obitmt w\ith slow drying: they failed to 

show any diflerences in susccptibility to deiccation 
Many biotic and abiotic facto-s altl'ct the snitl and betwcen members of the fast- an' slow-growing 
growth of root-nodule bacteria after additiotn to soil. roups. But they did find statistical ditlrences ia re-
One factor that has been studied is the decrease n istarce to desiccation among individual test organ
viabilit due to desiccation. Danso and Alexander isn-s., lse they used only a single slrman of each 
(1974) reported a decrease in liking celis of R. nli/loti species. it was unclCa' frotn thICr study whether the 
from 10' g- 1 to less than 10 u I after 4 weeks when ditfel ncles in resistance were characteristic of species 
dried in sand. They foul,,J that suLiisals at 8 \weeks or charactcristic .A indi idtal sttains w ilin a single 
were approximatci \lO1012 1shen it ilar p pu Ilt tiot specie. 
\were dried in a silt loai or a h,.mtnl tline sand. We evaluated iiICrenCes in susccptibility to desic-

The rate of ,tr. in luri- dc.,icca1ion also affects cation atlionl! four strains of o siiglic species, R/iizo
sur\isal. Marshall (196-1 aind BuIshby and Niarshall hiii ipouicuot. Iesieation toleratiCesamtng the 
19 7 'a) reportci. that the fast-cvroi ig closer, pea a itl s r '.ts,yere es\,11 atled in three soils \s'ith two ma tric

lotus rhi/ohia \verc more lus.eptible to desiccation inducei and ta roe osm,otic-iduced potentials. Water 
than the :dow-g iwing species tiader conditions of activJficts 0.I,,of weore Measured to comparethe soils 
relatively rapid d,\i Ig.Bushhv aand \MarsliAll related t dcsiccation stress iue to the variou, treatmcnts. 

death of desiccated cells to Cltatgecs itiniembrane pr- Tolerances to d stccati:,n also wvere evaluated in sand 

meabiltties 11;77bi and to qutatntities of water wiidl1utifotrin 10%% it: aid in \east mannitoi brothretaiflCd sir 
at a known rilatic ,apor presstre 1977c)..lass tY\l11dtustcd with geerol ti varying water act ivi

vayn wae cii van Retisburg and Strijdilti (198o) foutii that sloIs (113 \ill t d i wah xro 
n dties. Additinaly. o d,;orp t ion isotherms of tihe 

drying over Cal NO.3 ), atloweI geCater sirs i\al of tes t straits \yore deernined to relate to the work of 
fast-gro.ming rliizobi:t than of slIw-gr,\ing rhi/ohia. ,,Is hy and larshall (I 977c). w ho found that greater 

Th.Iv furt her ohiserv'il %kithforced-air d iJn1.simiilarT- d: , ilarqufIi.iitics (ifwater wre retaincd at lower relative 
to Bushby :,m Marshall's procedure (197 7.k: that (itir

vapo10 tressUreS by ifesiecatioti-setisitive species (fast 
pattern of survival changed and strains of slow-grow- growI%,ts) than by the more resistant slow growers. 
ing Rhiohitt wvillistiod desiccation bette than those 
of fast-growing species. Slow drying, Is esaluateid by 
Janser vati Rensberg and Strijdorn (1980)). would M.IiI'1I,5 ANt)\ll.71)5 

more ticarly tic natural in field.in thi. dr3,ing the Strai.s 
Pena-Cabriales a.id Alexander (1979) studied the T'o of the four strains used. USDA 110 and 
population decreases of nine streptomycia-resista 'It USDA 123. were oct.incd from Dr D. F. Weber (Cell 

Culture and Nit-ogen Fixation Laboratory. SEA-AR,_ 

* Present address: Soils l)epartiment. College of Agricul- Beltsville. MD) The remaining two strains, CC 709 

and CB 1809. were obtained fom Dr J. M. Vincentlure, Bara. Iraq. 
t Present t,udres,: Office of Agriculture. Agency for In- (102 Northsood Road, Northwood. NSW 2066, 

terational D,elopinerit. Washington. DC 20523. U.S.A. Australia). 
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Table I. Soils used to study the survial of iR itmlit-, 
strains 

pi Total ( Tatal N Sand I la,Soil 1:2 H) I", I". "were 

Hayden 6.9 3.1, u.21'* >,4. l. 
Nicollei 0.3 3.02 t.248 43 .3
Okooii 0.4 6.11 0.562 Is 41 

Total C s%US dtCritined h\ tl.eco method Ifthata-
bai and Brenllner. 1970t:oal N h ile Kicldahtl liillod 
IBremner. 1961: and tc*turL h\. ihe pipctte imelod 
IK titer and Ale ande. 19414l 

. ittric o.5,ioI ot wtlls oi/oi,.s 

The three soils used, chosert to represent L ita range
textures, were collected ltol th1e s;urlace 15 Ctt f the 
Hayden. Nicoliet. and 
Matric potnlials ksere controted dutringe tte -Ck 
investigation h\ ma',u itlinL: otie set of sanipies it the 
30 kPa 1(0.3 har) teltsoll Aind :ill'- in tte scetind set Ofl 
samples. initially at the 31kPa tensioti. to dry utini
formly in desiccators o\Cr (',('1. Osn,tic pottllitals 
were varied b\ treatine each su)il with 0.). 1.3,or (.7",,
(w %v)Na(l. 'he reaX.ltv humiidlies of soils It diller-
ent moisture and Salt coiltnts were measured \ith a 
hygrometer (Al.ericai tIstLumcnt Co.. DiXision of 
Travenol Labratoities Itc.. Silver Sprintgs. Nil)), a"
suggested by Boot IcOs and 'ork i7)6. () t 
hundred gralllS of soil was placed int 1 3(111-mI g'ss

container; the lid had 
a hole sulliciertt\ large to tic-

commodate ilte sensor 
adaptor. Readings wkere takti 
at 8 h after LLtui!ihrium was reached. 

Strains were prc pared h centrifuratiot of 4-da. 
old cultures grovn in YMB. UCells v\erc washed !'ree 
times with 10.! m plio.phatc bulfer (pHt 7.11 atnd 
adjusted to eqtil turbidit \. One milliliter of iioCuhlnl 
was added to 3)g ;'-irradiated soil (4.2 Mir.id durine 
9 hi). and soils \%ere incubated overtight at 28 C 
before initial conttl \s ere taken. Viable polatlIions
were determinedl eek)% h plate coutns ol yeast 
extr.ict in nitol (YE ) aal. 

Drinq .sand 

Desit:catioi tole ra ce of the four strains was deter-
iined in sterili ,cd sand. One milliliter of s,ashed cells 

Iable 2. Watcr tctiln- its 

Okohji series i l.1ableeactiLeli cUittrIe \as added to 51 ml YMIB 

at a unifori turb idity was added to 6.0g dry quartz
;and. providing an initial moistur: content of 17',.
Initial populations of each strain were determined byserial dilution. :id the dishes containing the sandplaced in desiccators over CaCIl this was a 

,imilar procedure to that used bs Danso and Alex
ander 1974). Triplicate plates were periodically pre
pared €or cell counts ott YEN to determine survival. 

Brotii edwia' it ilh ontrollcd A,
Lowcr \\"ter acti\ities \.N,I obtained hwee 

adtng eivceoi; to YMB Iglycerol was used in.tead of
Itlto:in ii ate the specitic ion effect. I'h. amno'.nt 

of glvCcrol rcqulied to alain the desired .-1,,. was Lal-
Culated by usit; g Raoul's law of mole fi actions llonie.19731. After the gIycetol as dissolved ill water. the 

lti'I\tres were steiili/ed h alU'OCla,,intg. and sterile 
aiter was, added to restore \(]litle. One milliliter of 

in nephclo
culture flasks, and the llasks wete shaken on i rotary
s;i;ler (141rev thin i at 'S ('. (hilanLes in turbidity 
.11 525 n were reccirdCd daily. 

ottudr- 'tji, IsidlI'ru,, 
Witer asiduird at ,4l11" b0 freele-driCd cells of the 

four R.I /iaolit1 str,;is was nleistield itt a lOtlli 
apparatus similir to the one. descrihedt by Blletiiil (I
01. 119'2, Cell preparatiin es siiinilar to that ticd by
Buihbv and Marshall I lt)77c. To obtai:i salt-frce Stls
pCnsions i Ithohi a. I li1t if Friton X-IX) was added 
to INit111"1 of broth Ultur. and the cells eCre dialyed
ill it.sing water at 2 C for 4 days. The rhilobial sus
pensionls tite. %\ereflrOC i i ice antd acetone, and 
trcd oCriiight in a INl.tpili/Lr. VsAttir adsorption iso-
Ihernis of solid egg alhunll LI otibt:1utied to test the 
perforiance (if tile appi.ratus antd \.iies were it 
goid agrciennt wtlhtItiIlse tht uined h I1944).it Bull 
(nattes in the weight of sanples alL equilibrium 
aircimeasured by obscrviiig w)ith u Iir isrsiti miclro
scope the extensioni of a precaliblLrated silica spring. 

:ui.s IlS A\) I)S(I SSl1N 
Suri'tt' ill soid 

1-17C hiilogica Ix a\ailable ',ater in this study was 
deteriitined b.y measuriig .-I,, whidh is detined is the 
reatikc htumidity above the sample after equilibrium. 

:maiencies of's s\ ,lh .tlt.rent hoithrC aItd Na l tddlionts* 

Icmiricil 
N;iC'i -ondiuitli it%

Soil o% %%I lu l ts cin,it 

I la den 0.0 0. 23 
0. 3 6.30 
1.7 I15.2i1 

Nicollet ).0 0.30 
0.3 -.S1) 
0.7 i2. 80 

Okoboji 0.0 (0.35 
0.3 5.15 
1.7 11.510 

ater 
al ic ' 

olitetl (.,) 
kt'i Itnsioni 
' , i 

Wa r .\eic 
30 k Pa 

i\ty I1,, 
A ir dll

10.7 0.9,11 0).5(5 
NI) 0.9S2 0.465 
ND (0.975 1.44(1 
30.4 o.9910 0.495 
ND 
N I) 

0.951) 
0 .9 5 

0.465 
0 .425 

50.4 0.990 0.5 00 
ND 0.984 0.470 
ND (.975 0..43 0 

Average of duplicate determinations. Electrical conductivity %%as measured ii, a slturat-dsoil extract, tensions by a pressure-gradient plate and water activiy by a hygrometer.
ND = Not determined. 
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6 1 la C,'769'' I I I I I II 

I A CB 1809 
0 0 110 

00123 
d 

0 
0' "HodnNicoflet Okoboji 

ILSD too5 ILSD(O.05) I LS D(C.051 

0 1 2 3 4 5 6 0 1 2 3 4 

Weeks 

5 6 0 1 2 3 4 5 6 

Fig. 1.Viable co Intsg o r 1-0.1).1 soilof four R.japotti-upi strains during slow drying 
(aCl,. 

over 

The quantitative relatiorship between matric- and 
osmoti"-induced desiccation \\itsnot determined hit. 
rather. differences x,crc cvalha ted in the biological re-
sponses of R. japoltitum straits to ,,atetstres.;fro 

both sources. Adebli'o anttd Liris 11971 Mind (OOk t 
al.(19721 observed fiat ,atric potentials and oitnotic 
potentials were not n'.;-,,,:ilv cumulatie in their 
effect on biological svstenis. 

The perceituge of water by weightI ',, )of tle three 
soils varied widely at the 311kl)a Itension ITable 2). 
The ineau,trcd .- ,. values. ItOeCt, at this potential 
were similar: 9991 atd 0.990) for Haydei.0.991 ) 
Nicollet and Okobojii soils, respectively. Under air-
dry conditions. similar xvater activities again were 
obtained at widel dilieretit moisture contents. The 
addition of NaCI reduced tile measured watCr tctivi-
ties more in the air-dried soils than in moist soils. 

Strrit'al int-stlddtit.I slow dryviliq 
four strains also 

was e"aluated in sterilized sand desiccated over 
('illAfter 36 days. both strains ('C 709 and 110 

had more than 10 times as ian survi\ ing cells as did 
,trains 123 and ('1Bi8,09 (Fig. 2). 

Susceptibility to desiccation of tile 

(rowth illuit'dia with tdji.s'td Iter 1t iiti'.s 

The basal YMB medium had ;ii 1,, of 0999. Water 
activities were adjusted with glycerol to 0.990. 0.980 
and 0.975. and turbidity increases of the four strains 
were determined during growt. IiFigurc 3 indicates 
growth at al .1,,of 0.980: this shotild be roughly 
eLluivalent to a matric potential of 3M Pa 130 bars) 
(Griflit. 1972). Beginning at 3 days. the rate of loss in 
transmittance was greater with 'strains 110 and CC 
709 than with strains 123 and C11 1819. This resulted 

Drying salt-free soils over Ca(CI 1r 0 wveeks gave 1),.in large dilcrences intuirbidity by 8 days. Compar

values similar to those of air dr ing, tie Iov,est nos-
ture contents likelh to be attained under fieldcoil-
ditions. 

Similar patterns of surs ival among the strains in all 
three soils were found wvith slow dr"ig over CaCI, 
(Fig. I). Strains CC 709 and 110 persisted at higher 
poputlations than++ did strains C13 I809 and 123. Final 
counts were signilicantly higher in Okoboji. the soil 
having greater clay and organic C contents. thani 
Nicollet or Hayden soil. Marshall 1964) and Bushby 
and Marshall I1977a) have shown that clay is bcncfi-

cial in increasing str-ival during de;iccation. 
The effect of osmotic potential on the viable cell 

recovery at 0.2. and 4 weeks %elin expressed as a 
percentage (,f initial counts \vithout added NaCI 

,loss s that itssalt concentrations increased from 0)to 
0.7',. tie counts of viable rhi/obia decreased (Table 3). 
At the 301k Pa tensioin. populaties inicreased in the 
three soils with no salt. but decreased with the ad-
dition of 0.3',, NaCI. At all salt concentrations. there 
wos a more rapid decrease in populations during dry-
ing than when soils verc maintained at the 30 kPa 
tension. Strains CC 709 and 110 consistently had 
higher populatioVs at a given salt concentration. both 
in air-dried soils and in soils at the 30 kPa potential, 
at 2 and 4 weeks than did strains CB 1809 and 123. 
Thus, increased osmotic potential resulted in a greater 
mortality of the latter two strains than of the former 
strains. 

i'ble :-dav losses of transmittance due to growth foi 
strains 110 and CC' 709 were 96 and 95",, il4at of 

n withoitt added salt) and 68 and 
9",, at ainlA, of1.98_5 for tie two strains, respectively. 

For strains 123 and C13 I(09. comparable valies were 
95 and 95",, at an A,, of 0.999 and 57 and 54",, at an 
.,of 0.985. rcspectively. Only slight growth of strains 

0.999 (basal med iuI 

R. japonicum strains 

9 	 v CC709 

8 	 0 110
 
0 123
 

7S
 

" 6D
 

- 0 
4

' - :." 
3

o 2 4 6 8 10 36 
Days 

Fig. 2. Viable counts g-I oven-dry (O.D.)sand of four R. 
japonicionstrains during slow drying over CaCI2 . 
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50 0 ,1809 1 1 110 and CC 709 and no growth of strains 123 and CBwas obtained with an A, of 0.975. Thus. as water
R -oponicum str70s activities were lowered below 0.999. strains 110 andSCB 1809 -. CC 709 were better able to grow at the red,iced
0 G 109 osmotic potentials. 

40 0123 Attempts to improve the abilhty of thes strains to 
withstand desiccation in sterilized sand by previous 

c 


T /oS 	 growth in YM 13adjusted to lower I, ,alticssuccessful. except 	 were not
30 	 for sirall increases ilhstrain C131809. BlushbIlV Marshali (1977a)and also reported that 

the su rvival O! rhiiobia in a desiccated salndy soil2 	 was
not in[ILI ie nced by previous tgrowth inmedia of lower 
water activity.

E/ 
0/ 

/ 	 IohiW teraisorlptioll i ,(term, 
- .o ~lushh. and Marshall (1977c) reported that the sus10 ceptihility to dCsiccatiOll of rli/obia was related tothe amlounts of water retained by the olls at a given0 relati\e vapor pressLire. Strains 123 and (ill 1809 (Sell

strive to desiccation) adsorbedl 1I 	 more water thanl1 didI strains 	 I10 and (*0 2 4 6 	 719 (less sensitive to desiccation)8 at all \kater tctivities IFig.4). These resuIts \were con-
Days sistent with those 	 of Blushb\ and Marshall (1977c), 

Fig. 3. Turbidities in seasi extract 
%kiho reported gCitIer antllonts of waiter retained atbroth alan .,I,, Of (1.980 lower relative sapor pressurCs b. the fast-growing rhidt to growih of four R. jpo, iht~mstrais. iobia se usitiye to desiccation) than h\ tihe s!ow-grow-

Table 3. Percentauc 	sur\ival of four R. iphmi'tum strainis as influenced by matlciMid osmotic potentials 

Percentage survival at week 

NaCI 
,,,v v Strain 	 709 110Soil 	 1809 123 709 III) 181)9 123 709 I1t1 1809 123 

Air drNyHayden 
0.0 	 00*1I01 IO)W I00 35 49 21 2227 300.3 	 13 1691 10 107 )00 3'1 37 1917 13 14 70.7 	 81 89 91 8

9 2, 36 13 16 10 t1 2 0.8Nicollet 
0.0 100 I00 100 1I0)0 39 43 3031 28 33 19 160.3 	 93 tlk) 95 93 32 37 32 2X 270.7 	 89 I) 93 79 

25 14 I 
34 42 I5 	 17 9 22 6 6Okoboji 

(1.0 100 00 1 W!) 100 
0.3 	

50 54 35 29 35 3s 21 2193 93 91 98 40 2X0.7 	
41 30 2s 30 13 1591 03 85 91 37 6) 16 21 22 20 9 11
 

30 kPa
 
Haydeni
 

0.0 
 1t0 10t0 10 

0.3 	

100 166 166 166 141 170 171 191 166) t5 102 7S 6S 8710(0 12 7S 
 56 79 58 37
0.7 	 87 % 93 89 52 60 	 5339 42 36 13 14Nicollet 
0.0 101 I00 00 00 138 162 148
151 151 155 151 138
0.3 	 105 102 115 91 71 76 91 58 

98 98 
0.7 	 93 7289 102 105 110 St 65 72 59 4963 55Okoboji	 42 

0.0 1( ) I lit) 1t)) 120 123 112 126 12() 132 112 1200.3 
 76 93 83 11)2 78 85 72 7676 81 60 74
0.7 	 89 91 95 95 78 83 56 65 69 81 19 21 
•Numbers are expressed as the percentage of survival Of initial popolatioills wiihout NaC[. Data also were collected at1. 3,5 and 6 weeks; because trends were similar, vallues are mot included in this table. Each %;ahle is niaverage of three

replicates. CV = 6.4"_ 
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a CC 709 
to - A C13 180 9 X 

0 I 

o 123
4,0, 

64 	 .0A 

VA 

S()0)2 

E 

C 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Relative vapor pressure 

Flg. 4. Water adsorption isotherms at 4) ( for four R. japonicun strains. 

ing rh izobia (less sensitive to desiccatiott). The rea!son I 

that cells sensitive to desiccatioi retained more water 

than tolerant cells at low relative vapor pressures is 

un1clear. Bushbv and Marshall (1977c) concluded that it 

isotherm characteristics may be determined h\ differ-
ences ill tie Inlllber of' vater-accessible polar sites. 
arid tlhat this niLay affect internal cllynn'!.tic ac. tics. 

Because dillcrCnccs do exist bet,,een strains of the 
sam11e species ill tolerantce to desi ccatioi. ottrlst tdy 

sugegests that strains shotilId be screetiecd for their str-
vival during desiccation before being added to inioco-
lants intended for tise in arid or semi-arid regions or 

for use in saline soils. 

,-lI'ktiowhd'it'nt.s We thank Dr lrvii C. Andersoi. 
Department of Agronoiim. Iowa State University. for his 
interest aid coIsel. This is published as Journal Paper 
No. J-9780 of the Iowa Agriculture and 1-iiC Econioiiics 
I-xperinient Station. Project 2174. 
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