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This study examines the eflect of salinity on the growth and survival of. 

R/iizobiumn spp. in culture incdia and soil. Eleven isolates from, saline and 
nonsaline environments were compared. The growth (mean doubling time) of all 
strains and species tested decreased when the electrical conductivity of the 
culture medium (yeast extract-mannitol) was raised from 1.2 mS cm- to 6.7 mS 

cmi (15% seawater equivalent) or to 13.1 mS cm- (28% seawater equivalent). 
Three of eleven strains failed to grow at 13.1 mS Cm-i. Although growth was 
afected by salinity, four strains selected from the growth rate study could survive 
in extremely high concentrations of salt. Two strains with growth rates sensitive 
1,-Nsalt and two strains with growth rates relatively unaffected by salt w re 
inoculated into solutions with electrical conductivities of up to 43.0 mS cnm- (9,2% 
seawater equivalent). Not only did all four strains survive the initial osmotic 
shock (at 5 h after inoculation), but it was not until 27 days after inoculation that 
the sensitive strains exhibited a significant reduction in viable numbers. The salt­
tolerant strains survived for more than 65 days with no reduction in viable counts. 
The interaction between soil moisture tension and soil salinity in relation to 
Rhizobimn survival in gamma-irradiated soil was also examined. Six freatment 

-
combinations were used, ranging from -0.1 bars and 0.2 mS cn to -15 bars 
and 12 mS cm-I. Sensitive strains declined from 107 to I1 Olrganisms per g of soil 
ifter 84 days of incubation at - 15 bars and 12 iS cn- .Tolerant strains survived 
for the same period with no loss in viable numbers. The resilts of these 
experiments indicate that many strains of Rhizobiwlm can grow and suirvive at salt 
concentrations which are inhibitory to most agricultural legumes. The emphasis of 
research concerning the effects of salinity on symbiotic nitrogen fixation should, 
therefore, be directed to aspects of the symbiosis other than the survival of the 
Rhizobhuin spp. 

Excessive soluble salts affect more than 4 x 
10 " km: of the potentially arable lands of the 
world (7). The agricultural potential of these 
lands is generally not limited by a lack of solar 

il 	 radiation or temperature, and if managed prop-
erly, these lands can become productive. Mea-
surements ofsoil Salinity are commonly made by 
determining the electrical conductivity (EC) in 
tmillisiemens per centimeter or the equivalent 
osmotic pressure in bars of the soil solution at 
saturation (15). Seawater at 20C has an EC of 

-46.6 mS cm (14). The actual concentrations of 
soluble salts that are present in soil moisture 
films fluctuate with changes in soil witer con-
tent. 

Little work has been done conceining the 
efl'ct or salinity on the legune-Rhizobitrn syni-Sbiosis (1I). It has been well documented that 

nitrogen accumulation by the symbiotic systems 
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of soybean, alfalfa, and GI'cine javanica is 
reduced by salinity (2, 18). 

Saline conditions may limit the symbiosis by 
(i)affecting survival and proliferation ofRhizobi­
uln spp. in the soil and rhizosphere, (ii) inhibit­
ing the infection process, (iii) directly alfecting 
root nodule function, or (iv) reducing plant 
growth, photosyntiiosis, and demand For nitro­
gen. Since soil salinity may directly affect either 
symbiont or affect their interaction (II), it is 
essential to identify the processes most sensitive 
to salinity. Efforts then may be directed toward 
improving the tolerance of the most sensitive 
symbiont or process of the symbiosis. 

The reported effects of salts and soil moisturC 
tension are mixed. Enhancement ol growth of' 
Rhlizohlittt spp. in media with I%NaCI (approx­
inmatcly 19 mS cn'm) has been reported by Pi lli 

and Sen (12). Steinborne and Roughley (13) hav 
reported a reduction in growth rates of R/iz.obi-, 

I rifolii and Rhizobium O iLlti inl the pies­
ncL of' salt. Blihardwaj (3) claimed that isolates 
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Culture Host 

17E ,. 


713.Adigaferla 

Web 48 
SUnitd 

"iTAL
42. 

Lcaena letwocepha-

l8"a
oeHawaii 
0oc it'aelloa 

spp.1cosa 

GlYCine ,,I . 

TAL 5 ignradato-opcal
Vin soialC 

23l11 falicropilt u/Yr-
Oide's 

S"Mi"nf.so 

14E" 

TA L 426 

21 sA 

USDA 110 

Croaalaria mucorn-
alafield 

Vignamasgi zobaa 

Canaalih spp. icach sand 

GlYcin maxe tSoybean field 

Isolate rom saline soil. HC of' saturation extract, 

from nonsalinesoils Could not proliferate or 
survive in salt-afrected soils. Carr and Ballard
(5) found that a strain of R. trifolii was able to 
withstand short exposure to fertilizer solutions 
with e essaof 60 n t 

This pape compares rhizobia isolated from
salt-affe'cted soils with random inoculuim strains!':=. ~~ ~ ~ ~ ~ 
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TABILE 1. Source of cultures 
Soil environnent Location 

Beach sand Kualoa, Oaiht, 

-Acid soil-.-t-

Beach sand 
S fHawaii 
UMiGw field 

oil 
Acid ti al s 

Flood plain r 

Beach Sand 

Irrigated cane 

Acid tropical soil 

aloa, Oahu, 

d Soybeanrd 

States 

Thalan 
Thl 

K 	 ATEu,Oahu,
Haai 

eidicaK galoa,Oahu, 
Hawait 

0iad
1u, 
watt 

Thailand .sea 


Laie, Oahu, 

Florida w 

pth5.)n
cn7
ays 


So r, 

Tlhis study 
3 

stM (OahShheiss 
. .University of awaw ii,

Hlonolului,19) 
This study 

"tBohlool, (coSlthesis, 
University of Minnesota,
Minneapolis, 1979) 

Cuilture collection, NiTAL 
Project, Paia, Hwi 

Thtis study 

This study 

alo This Sudy 

ce collection, Ni ITAL -
Project, lPaia, H-awaii 

HIea-This dstudy 

tore collection, U.S . 
* h'partnient of Agricuil­

tiore, eltsville, Md. 

hst.
 

MATERIALS AND METHODS 
Source of cultures, Isolates of rhiobia were madefroM l sg nd l 

ed irrigated fields on the island ofOahu, Hawaii. Mny
of he iolnates from beach sands were made close to 
standing seawater. Ri obium isolation and plant in­
fectin were c edouhegot stl,+ySoe ates fr asesrib by Vincnfal" o eumerfrom nonsalineareas for their ability to growand ingon ctntwrepr(16). All isolate becVinsh nalll frecnimes by

Survive in salt solutions and in saline soil with roptilum Iandiyrldes, except 171ewhichrewas confirmed 
different moisture on its host, Leuania le nEpala. Sourcms of stan­tensions. Salinity treatments aare 

i::.i:+~ ~hi ~clgcloi Al culttres e tls-Matni­were, for the most part, selected to encompass a 	 given inTable .~ ~~ ~ 	 ~~~~o wr aisained1niye~ ~eenlrltdtapeststtanwlererie ~outns ~rie bylVintentwr range oftolerance found in agriculturallegun es.weentures were drm, escltatmade
 
Although salinity slowed the growth of 

strains testedin these experiments,, there was 
onr able variation within the species tested 
for tolerance to salt. Theosalt tolerances of the 
strains were not related to their ecological on-
gins otr to their'growvthsoilten oistuion e rates tmedia.nd sainityill normalinre dion to 
Rhizobia were able to ithstand large changes iosmoic oncntrtios'ith itte rdittio in 
vtable numbers. Sensitive strains were only af-
fected after 5 days of exposure to salt solutionswhich approached the concentration of seawa-
ter. *'here appears to be no interaction betweent 	 t teur
sotic oncnt rationwi dutin insoil moisture tension and salinity in relation to

4 	 rhiz-ibial survival in clay soil. A reduction in 
total watter potential, whether due to osmoticum

oisuretenionor o hgh isthefacorthat
e l nsioristut hi h m n, i th fa torEffectaffects rhizobial survival. Both ''tolerant'' and 

33 	 sensitive'' str ains are much more tolerant or
soil salinity and dfry soil conditions than are theirleguminous hosts. - : . ­

.,' > ', ' : , ; : ,,/1 .
 .
 

Enumeration. Viable counts were perornied by

using standard srial dilutions and plated by the drop

plate count method (16) The entire content of incubtt­
ecd rted; solutioncultures were suib­soil vials was 


sampled. All serial dilutions of salt treatments were
 
thrl etm hesldurnt 16).emadecwth ifsoltoncrothiunct ofg owh o ed o triswr r Ef,.iF sl on growth rain werediluted, and I nil of each diluted culture was added totubes containing 9 nil of YlM broth amended witheither rio NaCI t1.2 niS cnn-), 50 mM NaCI (6.7 miS 
cit), or 100 mM NaCt (13.1 mSenit) Theinitialcell density was 101 viable cells mlt'. Mean doubling
times (MD'rs) were determined by Viable coutnts mnade

'Mrbeetd1E(atgoigmttlrn)
~three times during the log phase of growth of each
strain. The relative tolerance of dillherent strains was 
expressed as the ratio of MDTI at 13.1 iS crn t toMp'r in normal YEM broth. (12 mS cm tor concentrated saline solutions on survival of'rhlzohia, Four strain s from the growth rate experiment
Were selected: 1717 (fast growing, salt tolerant), lfv
waii 5-0)(fast growinig, sailt sensitive), 2IA(slow grow­ing, salltolerant) and USDA 110 (slow growing, salt 

.	 .
< . 3"+. . . .. .. , ..
 

http:S"Mi"nf.so


ENVIRON. MIcHoo..

886 SINGLETON, EL SWAIFY. AND BOHLOOL 

on the M' ofl RIhizobium strainsTABLE 2. 1Elffect of NaCI 

DT(hI inthe ftllowing NaCl concn: Relare
 

Strain 

17 13 
Hawaii 5-0 
7B• 

7 eB' 
TAL 425 
2313" 
.5.9 


* 14E 
TAL 426 
21A" 
USDA lit) 

0 M .1.. 

(1.2 niS ean-
- 777 ------

__ 7 ­
3.9 

6.11 
8 7 
7.4 

6.2 

7.4 
8.4 

10.3 
5.5 

5(imM I00 mMi,
 
imS cnf
l6.7 niS cni) (13.1 

.----- .. 4 3.1­
53 

NG'
11.8 
7.7 69.7 11.6 

11 9 NG 
2.417.47.5 1.610.17.9 

7.1 NG 
7.8 69.0 9.3 
7.5 26.4 3.1 

1.717.612.6 
5.11
27.2
6.3 

to N,DT at1.2 mS cmRatio of MDT at13.1 miS cmi 
SIsolated from suit-affccted soils. 
SNG. No growth. 

sensitive). Cultures were grown in YEtM broth, diluted 
to 10

7 cells ml- in solutions containing only YLM 
broth salts, and then inoculated into tubes containing 
broth salts only (1.4 mS cm-t), broth salts plus 233 
meq of total salts Na\ I plus CaCh per liter (18.4 mS 
cmf), or broth salts plus 564 meq of total salts NaCI 
plus CaC 2 per liter (43.0) mS cmnt).The proportions 
of NaCI and CaCI2 were adjusted to maintain a con-

U'S.Salinity
stant Na activity (SAR)as defined by tile 

Viable counts were made at5 h, 5 

days, 27 days, and 65 days :fter inoculation, 
Growth and survival of rhlzobla in saline soil at two 

moisture tensions, Wahiawa subsoil (Tropeptic Eutrus-
-.. tox; clayey, kaolinitic, isothermic) was air dried and 

.boratory (15). 

* ,:. passed ,hrough a 2-mam sieve. A moisture release 

curve was developed by using hanging water columns 
and amembrane pressure plate apparatus (6). The soil 

was also calibrated for the EC when increasing 
amounts of CaCIz and NaCI were added at aconstant,2 
Na activity (SAR = It)). Air-dried soil samples, each 

.-. j weighing 34.4 g(30gof dry soil at 65C), were added to 
120-nil glass vials with airtight polyethylene caps. 
Vials and soil were ganma irradiated with 6 x 10' rads 
and inoculated with appropriate mixtures or sailt solu­

tions and dilutions of YEI suspension cultures of 
strains 17E, 21A, Hawaii 5-0, and USDA 110 to 
impose treatments consisting of all combinations of 
-0.1and - I5bars of moisttre tension and ls o1.2, 
5(0, and 12.0 niS cm-'. The initial inoculum densittes 

x It" viable cells
ranged between 1.5 x It" and 5.2 

g of oven-dry soil, 
tnd 82 daysViable counts were made at 3,7,24, 

after inoculation for fast-growing strains (Iltwaii 5-0 
and 17El and at 6,:29, 49, and 86 days after inoculation 
for slow-growing strains (USIJA 110 and 21 A). 

RI 
RESULTS 

The addition of NaCI to YEM broth increased 

the MDT for all but one strain le! (Table 2). 

Sensitive strains such as Hawaii ), Web 48, 

and 8 failed to grow in the highest level of salt. 
were not consistentlyIsolates from saline soils 

salt than othernmore tolerant to stress were 

isolates. 

All four strains selected from the growth rate 
experiment (17E and 21A for salt-tolerant 
growth and Hawaii 5-0 and USDA 110 for salt­
sensitive growth) were able to survive the initial 
exposure (5h} to solutions with an EC o143 mS 

-
cm (Fig. I) Onlyafter 5 days of exposure of 
tig S . Onl te 5 a of e mSs cm of 

to Solutions at 43strain USDA 110 
and after 27 days of exposure of strain Hawaii 

5-0, was any significatt decline in viability di­
tected. The viability of the tolerant strains, 171 

and 21 A, was maintained in all of the treatment 
solutions for the duration of the experiment. 
Viable numbers in YEM broth cultures (no salt]
declined over time 

,The survival ofs 10 and 21 Astrains SDA 

was allected in soil, but only at tle most extreme cn- and - 15 

bars of moisture tension, whereas strains 17E 

and Hawaii 5-0 remained ttnatrected (Fig. 2), All 
strains grew slightly when exposed to less 

treatment combination of 12 mS 

cx­

treme conditions. 

DISCUSSION 

The salt tolerance of each synibiont of the 
legune-Ihizoiulm symbiosis may difrer (I1). It 
. 

ptactical. therefote. to examine the tolet-atcets 
tolerance of

of one symbiott in-relation to the 
other. Despite a large range in tolerance totile 


no 

agricultural legunes that can be considered to be 
highly salt toerant (Table 3). Comparing the 
sensitivity of the microsynbiont, Rhizohiumi, 
with that of the legutne host will then indicate 

the relative value of efforts to increase rhizobial 

tolerance to salts in strain selection programs. 
The growth of all but one of the rhizobia 

tested was slowed by the presence of NaCI 

(Table 2). These resttlts are contrary to those 
who showed that 

salts among species of legumes, there are 


obtained by Pilii aInd Sell (12), 

the growth rate of Rhizobitimn spp. increased
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-
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DAYS FROM INOCULATION 
FIG. 2. Growth and survival of four ikohimpt 

strains in a Hawaiian Oxisol. One ninlolhs = one InS. 

with 1%NaCI added to broth media (EC 18.0 
niS cn-1I. Steinborne and Roughley (13), on the 
other hand, have shown that tie growth of both 
R. trioln and R. nefiloti is slowed by tile 
addition of sall. 

Ihe rehitive tolerances to salt aire given in 
Table 2 to allow comparison of the effet of salt 

Ai'i',.. IiNV'ON. NliciolIol.. 

the strains until the broth EC reached 13.1 mS 
-
cm (28% seawater equivalent). This solution 

concentration is in excCss of sOlution concentra­
lions in which agricultural legumes can sustain 

Slow-growing strains were not more tolerant 
to sailt than were fast-growing strains. Isolates 
from saline environments were not consistently 
more tolerant to salt than were isolates from 
nonsaline soils, Isolates 7B, 8, and 14E from 
saline environments either did not grow or grew 
poorly in broth with an EC of 13.1 mS cm "'. 
Strain TAL 425, an isolate rrom an acid tropical 

-soil, had an N DT at 13.1 mS cm I that was only 
2.4 times that in normal medium. 

Subjecting two salt-tolerant isolates (171' and 
21A) and two salt-sensitive strains (Hawaii 5-0 
and USDA It0) to an extreme reduction in 
osmotic potential had no effect on survival over 
5 h (Fig. I).The solution with an EC of 43.0 mS 
cm-'ra 	 has a stiltconcentration equivalent to 92% 
of that of seawater (14). Since rhizobia can 
withstand large reduction in osmotic potential, 
they must be able to rapidly regulate and adjust 
their internal solute concentration. Vincent et al. 
(17) 	 have shown that I?. tr(iiipopulations fall 

log 4.35 to log -1.0 in a 160 mM NaCI (EC 
= 16.0 mS cm-') solution after a 48-h exposure. 
The suspensions were, however, equilibrated 
with an atmosphere or 20% relative humidity 
which reduced the water content of the suspen­
sion to minimal amounts and left cells exposed 
to pure NaCI. Our results agree with those of 
Carr and Ballard (5), who round that a strain of 
R. trifioii could survive a short exposure to 
fertilizer solutions with ECs approaching 60 miS 
c m - I,:
 

Normal YEM broth cultures with initial densi­
ties in excess of 10" cells ml lost viability over 
time, declining until numbers were equal to or 
less than numbers in most salt treatments. Ex­
aminations of' rhizobial tolerance to stress in 
liquid culture, therefore, should not begin with 
densities of 1l' cells ml ', since these numb.ers 
cannot be maintained even in ideal conditions. 

There is an inverse relationship between soil 
nloisture tension and salinity inlmicroenviron­
lents. Reducing tilesoil moisture content nec­

essarily concentrates salts in the soil solution. 
Al inoculum placed into soil at planting encoun­
ters immediate fluctuations in soil water poten­
tial (the sum of matric and osmotic potentials). 
The treatment combinations selected to test the 
elects or both soil moisture tension and salinity 
on tile spp. ranged fromsurvival of Rhizohiuu 
soil conditions which may be considered optimal 
for plant growth (EC = 0.2 mS cm and mois­

on the growth of strains with large diflerences in ture tension = -0.1 bar) to extreme conditions 
inheent MDl)'l's. Large increases in MDT,or which are unacceptable 'or supporting adequate 
growth suppression, was not observed forany of growth or agricultural legumes (1C 12 mS 
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TABLE 3. The salinity tolerance of somie affected by cither ithe soil moisture tension levels 
agricuitural plants" or the salinity levels used in this study. There 

Crop 1Ch appears to be no dilferential efl'ect of moisture 

le Barey....................16 tension and salinity on rhizoibial SurIviial,. Thein ...................................... 16 
 , reducesurvl of.strains -USDA 10and 21 A 
Sesbania ................................ .....seeni. to be caused by the additive clcts of
 
Soyban .... ;...... .................. 9 increasing salinity and moisture lension,
Alfeafa............................
b 8 The results or the experiments described

-

Clover... .......................... 4 above emphasize that many strains of lIIizobi-
Kidney bean............................... 3 nn not only can withstand but may even grow al
Peas .......................... ........ 2 salt concentrations in excess of' those tolerated 

From Bernstein (I). by 	most agriculturally important legumes. This 
" EC (nS cmi )associated vith a 501% decline in is consistent with the life cycle characteristics of 

yield. 	 the two symbionts. Whereas the host legume 
produces seed and enters dormancy at the onset 
of the dry season, its microsymbiont, Rhizobi­

cm- atnd moisture tension = -15 bars). None rn, in order to survive, must be able to encoun­
of the four strains tested (17E, Hawaii 5-0, ter much higher levels ofsalts in the soil solution 
USDA I110, and 21A) lost viability rapidly with as the soil dries. 
even the most extreme treatment (Fig; 2). Rhizo­
bium leguninoxaram strain Hawaii 5-0, which .ACKNOWLEDM(;INTSlE 
was sensitive to salt in both the growth rate "rhis work was supported inpart hy grants AII)DSAN.G.
study and exposure to salts in solution, grew 01M 1211-d) and AII)/ta-C-1207 (NilTAL Project) from the 
slightly and survived well in this clay soil, Iso- U.S. Agency for International Developllent. The conclusions 
late 21A, which showed good tolerance to solu- reached in this sludy do not necessarily represent the views of 
lions with an EC of 43.0 nS cm-1, lost viability thc granting agency. 
over lime with the combined elrects of high

V; salinity and dessication. The decline was not l.ITlBATURFE CITED 
strictly due to the low moisture content, since Sall tolerance of' U.S. Dep.I. Bternstln, I. 19M4. plants
strain- .21 A survived well at - Agric. Agric. Inf, 283.15 bars and 5.0 mS 	 Bull. , Cn111lhizobittnjaponicum 	 .elrnstein,cm-t 1VlhIzb ;iry strain USDA 110 L,.,and G.Ogata. 1966. EIrclts of salinity ont" lllond resln 110strains nodulation, nitrogen fixation and growth of soybeans and 
lost viability as fincreasing stress alfalla. Agron. J.58;201-203.

from both %heosmotic and matric components of 3. lthardwai, K. K. R.1972, Note on the growth of'lRhi:oi­
soilsoil water pote~ntial. The lst-growi ng isolte ,,,, IRetz. Pers.)
strains of dhaincha Se.sbaia ca',ihbwater otpetial. Te'istnt owll 
lte F ina saline-alkali soil, Indian J, Agric. Sci. 42:432-433.17E wvas completely resistant to all1 levels of 	 4.Iu-shh', II.V.A., and K.C.Marshall. 1977. Sonic factors 
stress in this experiment. 	 affecting the survival of root-nodole bacteria on dessica-

Marshall (10) and Bushby and Marshall (4) tion. Soil Biol. Iliochem. 9:143-147. 
have concluded that slow-growing rhizobia tol- S.Carr, W.w., and T.M.Ballard. 1979, lllctls offerilizer 
crate dessicated sandy soil better than do fast- s"it concenttion on viability of'seed and Rhiohjito used 

for hydroseeding. Can. J. Brt. 57:701-704,growing species. All species survived dcssica- 6.Childs, E. C., and N.Collls-(erge. 1950, The control of"

tion better when sandy soil was amended witlh soil water. Adv. Agron. 2:234-269.
 
montmorillonite. Our that in- ers, T. ,J., 1. F. Troke. The
study shows the 7.Flats arII A.R.Yen. 1977.snechanisin of sall tolerance itt halophyles. Anna. Rev.herent growth rate 6fa strain does notdetermine Plant Physiol. 28:89-121.
 
is resistance to low soil moisure coent or 8.Mahler, R.L,,. and A. . Willion II. 1980. Influene of,

salinity. Both strain 17E and strain 1373 survived 
 vater potential oin the srviv'l of rhizubia ina iGoldsboro 
the combination of high salinity and increased loatny sand, Soil Sci, Soc. Am. J.44:988-992.

9. Mihler, R.L.,and A. G. W lluni II. 1981, The inlluencemoisture, tension in this clay soil betltet than didl of soil water potential aind soil lexture on the survival of 
slow-growing strains, USDA, I a0 lhokiui nrobiicum anud l/uthilahu higsnoi.rmoi:and 2IA. h 


Mahler and Wollum (8, 9) have shown that 
 lates in the soil. Soil Sci. Sotc. Am. J.45:761-706, 
even clay soil at - 15,0 bars of moistulre tension 10).Marshall, K.C. 19(4, Survival of ~root-noduitle ba;cteriaI in
is detritnental to the Sulrvival of many strains of dry soils exposed to high temperatures,. Aust. J.Agric.Res. 15:273-281. 
I?,jap nlidurn and I?. legurtinosar 'I'.. Their soil II. Parker, C. A., M.R.Trlnlck, aid I).I. Chatel. 1977. 
was, however, autoc aved flor 270 min, after lhi7.hoia as soil and hizosplere inhabitants, p. 311-352.
which soil satupes usedfor the incubtion i. W.1".lId'which soil samples used . ..... 	 atd A. I. (ibson (NdL, A treatise onte ini o ' tnirgen firmition, vol. 4. John \iley & Sons. Inc., Newrhizobia wvere contaminated with other bacteria. YorkT1he growth of other bacteria inthe incubation 	 12lPillal, R.N., anl A.Si, 1973. Saltoleratuce of14hi: bi. 
vessels decreased Is aItt nction of decreasing rn from t)olichos lab' ,i111Hakeiol. At. Parasoil moistlre content (8). We Found that when sitcnkd. lnfektionsk, I 128:538-542,

hliliurne, J.,and 14 1I ofsterile conditions were Miintiained in gamma- sodinim cloride ions it)fWiobiusn spp. inbrothiand peal
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