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Tolerance of Soil Acidity in Symbioses of Mung Bean with Rhizobia' 
D. N. Munns, H, H. Keyser, V. W. Fogle, J. S. Hohenberg, T. L Righetti, D. L Lauter, M. G. Zaroug, 

K. L Clarkin, and K. W. Whitacres 

ABSTRACT 
Varlatioa In tolerance of soil acidity among 40 rhis-

blal strains was asemed in greenhouse trials in which
the strains wee applied as separate sed inocutants (5X
Wc ands peroman e was of L ,aued b ars 

ro Tnd . f the osapsant. The pla 
grew in a low N, low Ca add subsoil, Goidride fine
Sandy lam (Typ Haphaduh, fine loamy, mined, mec),
lWit at Its natural pH of 0 (sturation paste) or limed 
with CCO, to pH £5. Each pH X sutasi treatment was 
trip caIn separate 

=a demowrs .tad ar and perhap continuouvariation in add tol.moce.I few were very sensltive 
tey failed to modulate at pH 5.0. About half were
moderately sensitive.podulati and weregAwth swilfi, 
can ldy red at pH 5.0. The reander were tolerant:.m
like NH.NO. they sopoaed similar pta growth at
both soil pH valua. m strins coufied hig toler. 
ance with high effecveem 

A stran's add tolerance could not be prod rom 
the aunmdance or ofctlv~es with wbk itnodulated at
favorable pH, or too= its growth me or &M prduodion in couvendoal yea manniol medium. 

A few strain were sensitive on one hot culivar aNd 
tolerant on other,.e mplyng that acid toleaces of
smi onc oe uant.m mr i 

Adiloustd In du Alunum. il 
jInfection, N fiatio, Tropical ols, Tropicallegumes, 

T HIS paper describes a systematic screening for ef. 
40 eness and tolerance of soil acidity amongst

40 rhizobial strains on two cultivars of mung bean 
Mei~naradiua L, also known as qreen gram*and Ph. 
seolus aureus). Several of the strains are also effective 
on other agricultural legumes including cowpea (V.
unguiculala), peanut (Arachis hypogea), Dolichoslablab (Lablab purpureus),and V.(Phaseolustrilobus. 

Soil acidity is known to inhibit rhizobial growth, 
colonization of the host rhizosphere, infection, and the
activity of established nodules (Munns 1976, 1977,1978). Evidence exists that rhizobial strains, as well as 
legume cultivars, may vary in tolerance at some of theseseparate stages. Our main concern was to assess overall 
"symbiotic acid tolerance", as expressed by ability
of the dinitrogen-dependent host to maintain growth
despite acidity stress. 

or realism we used an acid soil as tesi medium, 
recognizing that our rankings of tolerance of strainsmight depend on the particular set and intensity of
soil acidity factors present. The soil is moderately
acid, pH 5.0 in saturation paste, low in soluble Ca, 
mildly Al-toxic, and neither Mi-toxic nor Mo-deficient.
Its acidity did not impair growth of mung bean plantsfertilized with N or inoculated with the most tolerant
rhizobia. 

Plant growth experiments for screening large num.bers of strains are cumbersome. An easily observable
rhizobial characteristic that indicated acid tolerance
with reliability would be valuable, at least for pre.
screening. Norris (1965, 1967) suggested that slow 

growth and lack of acid production on yeast mannitol 
medium indicated rhizobial tolerance of soil acidity.
The physiological and ecological significance of thisrelationship has been contested (Parker, 1968), and 
important exceptions are now known (funns, 1976, 
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1978); but nobody, to our knowledge, has tested the 
relationship of either growth rate or add production 
to acid tolerance in a group of rhizobia associated 
with the one host. We took die opportunity to do so. 

MATERIALS AND METHODS 

Seed of 'Berken' mung bean was supplied by Mr. C. L Tucker, 
Department of Agronomy. University of California, Davis; and 
V2184 by the Asian Vegetable Research and Development Cen. 
tl.r by way of the University of Hawaii NIITAL Project, Pals. 
Immediately before planting, seedswere submerged in 0% 
hydrogen peroxide for 5 min and washed In three chjiges of 
sterile water. 

Rhizobial cultures are listed in Table 1. All except those 
from USDA had recently been tested for effectiveness on Berken 
by us or by Dr. Victor Reyes of NIITAL For inoculation, each 
wed received about 5XI0' viable cells, freshly suspended from 
a yeast mannitol slant, applied in 3 ml water to the seed is. 
mediately before it was covered with soil. 

The soil was B.horizon material (100 to 150 on) from a 
Goldridge loamy fine sand (Typic Hapludult, fine loamy, mixed,
mesic) developed in fine allcous sandstone at Sebastopol.
Calilf. Saturation paste pH was 5.0. organic C 0.1%, basali fer-
tilizer 5 mmol KHPO,. 2 mmol K.SO,, 5 mg Zn,0.1 mg Mo/kg
soil. Limed treatments received 0.7 g CaCO*/kg soil, mixed and 
watered 3 weeks before planting. Soil pH was checked at scv. 
eral points In each of several pots just before planting to 
make sure mixing and reaction had been adequate. Analytical
data on treated soils are In Table 2. Nitrog fertilized con. 
trols, uninoculated, received 5 mmol NHNO./kg soll, applied
in two dressing I week and 2 weeks after seedling emfe 

Two separate trials were done. Each Included zero and N-NO, 
controls, and rhizobial strains 756, i, 98. 173, and 209. The 
second trial included the USDA strains, and the series "m",
"IQ", and 420.425. The first trial included the others. In each 
trial, two plants of each cultivar were planted In each pot
containing 1.5 kg soil. Both trials had three replicate pots of 
euch treatment, urranged In randcmized blocks. 

Greenhouse temperatures varied between 28 (day) and 22 C 
(night). Pot were watered with distilled water, to 20% soil 
water content, at Intervals of 3 days at first but with increas. 
ing frequency up to daily toward the end of each trial, Color 
and relative size of shoots were observed daily. At 5S days in 
the first trial, and 28 days in the second, plants were washed 
out of the soil, bagged In plastic, and refrigerated until exam. 

Tale. Rhisma pfouame dmdfletei acotrdial toeat 

A. Asabhms atcpit (at. 
A. Effective4at9pH nWaeld ouy>Id idrl,PlaatJ 

C. HOlMhM2fec.3atp<Uld nodtdsfaa tc+NPm %)Nodulation tolerant to acdity (reduction of nodule o not dgntficant.
P - 96%) 

E. Plagrwthtlnttoaddtyductloan tyd not ri cant 
- 95% 

Pfrmanedsellficatlon A B C D E
Onbothvarites 23 27 14 13 S 
on 1ako only 3 1 4 3 4 
On "V2184" oely 0 5 4 1 4 
on therwvaiey 14 7 18 19 11 

X'4 35 - SA U 3.2 
t%probabil tyl (51 - (1I (99 (96) 

t as both hs. 
, bedwemi performaca s "Darkehboana 

'Nullhypothes w asscatio o raea"n Bara"ad 
prformancon"V2154." 

ined for nodule number, size, color, and distribution. Shoots 
were then cut off and dried at 75 C for weighing and in some 
cases. microKjeldahl determination of N. 

Rhizobial growth characteristics were observed in yeast man. 
nitol broth, medium (Vincent, 1970). As an index of growth 
rate we observed the time lapse between inoculation at 10' 
cells/ml of medium until development of turbidity, 10' cells/ 
ml; and as an index of add production, the pH of the medium 
(initial value 6.9) in the newly turbid culture. 

Analysis of variance was performed on plant yield and per. 
cent N data without transformation. Error statistics given are 
least significant differences (99% probability) for comparisons of 
closely similar means of three replicates. Nodule counts were 
tranyarmed for anal, using the transform log (I + nodule 
number per pant). Mean nodule counts greater than four per
plant were gnificantly differet from each other (95% prob.
ability) If they differed by a factor of about 2. Curve.fltting 
was done by a Hewlett.Packard 9601 routine that compares best 
titting linear, polynomial, and power functions. For testing as. 
soclations between rhizobial properties such as abundance of 
nodulation, effectiveness. etc., numbers of strains in different 
dams of each performance aspect (Table 3) were tallied Into 
contingency tables and analyzed by chi.squared procedure with 
Yates' correction where appropriate. 

RESULTS AND DISCUSSION 

Plant Growth, Nodulation, and N Fixation 
Plants became yellow during the week following
Planh became rng etweenlo e 

emergence, but. then became green again between the 
8th and IIth day if N-fertilized or effectively nodu. 
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lated. At harvest, N-fertilized controls had shoot, dry' 
weights of 750 mg/plant in the first trial and 500 mg/ 
plant in the second, with no significant difference due 
to culhivar or soil pH.1 Strains included in both trials 
behaved consistently, except for two sc'ains on Berken 
at pH 5.0. Conversion of yield data o relative yields 
(lrcent of the appropriate +[Ncotrol) made the 
data of both 	 trials consistent enough to plot on the 

same graphs for ease of comparison. 

related to nodule abund-: / GrwthI of the plant was 	 pH (Fig.ance as affected 	 by rhizobial strain and soil 

, ). Nodule number in this case is a satisfactory inidex 
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Fig. . Relationship between hotplant rowh and nodule number, plotted earatey for each hot cutivar at each soil pH. Aver. 

xprmttal trnent. Neither ol pH nor hoct cultvar sdgniflcantly affected dryage ndule sire varied neliibly with any 
weight oat NKNO. fertilied plants (-+N ontrs). For erken, the slope of thte fitted function relating yield to og nodule 

SoUd crces indicate associations rated hilt17 effective at 
for strains included in both geenshouse trials. 

of nodule mass 	 per plant, because mean nodule size 
did not var with host cultivar, rhizobial strain, or 
soil pH. Mung bean may be unusual in that sparsity

nodules is not compensated by nodule enlargement 
95t) and pink coloration is retained re

gardless of effectivene.s All nodules were pink or red, 
nearly always 	clustered on thc oldest parts of the 

root system, indtcating prompt infection. 
Dry weight yield of plants reflected N.fixation ade

quately for the prpose of these experiments. It re
laced to percent N in the plantineffectively(Fig. 2) as nodulatedas toor 	 wellnodulation. Unnodulated 

or 3 mgcNn/pa n lant,co mpharable to 3 thea co n y e tend d t o f the 
seed. By comparison, the N content of the most effec

pl n s 	 dl7 n , Nd o l 

tively n odulated plants was about 3 5 ra!!plant in the 
first trial, 25 in the second. ; 

The most abundantly nodlated plants may have 
had nodules with low specific (per nodule) activity. 
In particlar, three abndantly nocllating strains, 
nl, 108, andi 305, were ineffective on Beren (Fig. 
!)and for 05 this held despite hi percent N in 
the plant (Fig. 2), snggesting marke energetic ine i
ciency or sme oiler r~hioliai inhibition of plant 
growth. 

Rhiwbial Variation in Acid Tolerance 

The data show 	a large and perlals continuots(Fig. 3),rangeun.of rhizobial tolerance to soil aciity , 

related to Variation in strains effectiveness nteasutred 
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b) plant perfor inane under favorable (onditions at 

pH 6.3 IFig. 3). Seletion for tolerance should Ibe 
possile, ,aind need eni 11no satrifice of perforinance 

potetial. Somie of the iest strains were highl toler-
alt. alId two strainls,-1 25 and i7, cormbined toterance 
wiith high effcttiveniess oil both hosts (Fig. 3). 

.- iol lecioll (If anttidate rhizobia can be severely
reduced by a single screening for high prformance 
under ail stress. Less stringent performance criteria 
Might be :idisable. Successful field application re-
(iilie. seseral lil characteristics, in-imuportan rhiobial 
cluding hiost range versatilits, longevity' in ino -ilant 

preparitiolns .11nd soil, Loni)etiseness, and effective-
ness lilainitained during laturation of the plalit. In 
a wider colltext (If testing, strains .125 and n17 might 
prove inferiml to slighlll less effective or less tolerant 
strailns sti iis 17.1. 209, 12t), .t21, 756, iO, iS, and 1116. 

Sparsi t of niiules, tire nain cause of syml)iotic 
failtire .it low pit, was piol)ablI niot simply (file to poor 
Ihiiolial growth in m1ost cases. The rhliobia have been 
tested fol abi I\ to glow ill acid defined media con-
r.iiiiig Al Ke ind.Muinis, 1979) aid except fol 
68. 	 108, .iiind 921 slloild have hadn ll liffiult grow 
ing in the (Gihitige Soiil prH ilther in them F.ur. 

SAtlle soil .ad.justetd to II I I, olll of ile strailns Itill-

lited .is c le.isoliails a iiirtdiiitl tstra-ils I9. 171, 
,id 173 of the groip at il-sensitive on tiing, hill not 
918). Perhaps there is iii atid-lensitive step later than 

IN SYMBIOSES OF MUNG BEAN 

colonization of the rhizosphere in mung bean as in 

(Medicago sativa) (Munns, 1968) and pea (P
sumjativum) (Lie, 1969). 

Acid Tolerance in Relation to Other Rhizobial 

Chaxactlristi" 

The hypothesis that acid production and fast growthyeast inannitol indicates aid wnsitivit%, gains litte 

support from our data. In view of the wide atcc pance 
this hypothesis (most recenty Sanchez, 1977), we 

tested all tsiile relationships. The rhilizobia variedgreatly in growth rate and acid prcxluction, time to 
turbidity ranging from .1to 8 days, and final pH4 of 
tile medium ranging from 5.8 to 7.I. )espite tlis, 
the onl) 	significant regression of the above properties 

an) index of symbiotic arid sensitivity based on 
plant yield or no ulation, was a power ftinction regres
sion of final Al witi rdlative Nield decline. A(id ;iro
ducers tended to be tie more' sensitise, as proX)sed 
by Norris (1965, 1967): but the coefficient R was 
only 0.15. 

analyses failed to establish relationship 
Itween a strainIs a(id pi xlu ruion or growth rate and 

its ssnbiotic acid sensitivitN. All but111fou of tire strains 
coul'd be (laissified leai IN' into a group of 18 strains 

took less than 7 daN, to adhiese tur iditN and low
ered the pi-, and anothc group of 18 that'took 7 or 
more dass and did not lower tile pft. Laci group
contained 12 sirains that induced abundant nodulation 

110t1 than 2.5 ne riles ip4- plant at pi 6.3), of whi(h 
selen strains gat'a ficat declille iilille nltila'signi ill 

Ie title tio %oil atiItN alllongst tlih fast glow,ing amid
 
pl illi(el(c thLe growilng
ald I. sit 'ills liAilrllgs slow 

group. hle 18 shL.-W growers in luded 13 highlN effl
 

i,se strains, lie IS fast growers inthided 10. Of these,
 
five of ile 13 slow growers iid folir of tile I) fast
 
gloweis showed a sign filant iletiine in plant ..ield
 
Ilie to atidits, Nolne of tiere iifferencet i)etween slow 

and tLst giowers is signifi(anlt Finiiall, soil aiditi 
catised alhilost the saile averag(- percent deline ini 
Nielh of plants illocrllated with highbi effect ive rhito
iia, whethel tihes wele last glowing acid pl elcers


decline) orx(.11 slow gi iwtnris 3i'(' dcline). 

Ilrshort. 	rhiiobial mi id inll east lnatiitill(Xl In }t1 
ilaN Ie sollic sort of infli(ator of , (lIroler.ance for
 
wide 0Ol1iparisons of sNiliii( a11(0( ial11011%iliVOlvilig
 
differen I lost sl.cits aind gc'llla (e.g. Mniin', 1977,
 
1978); but in sele(ting sti.iins of 1hiiohia for a giseUn
 
host sptties, inurig bean at least, cid prodtiilon isa
 
uselessly inirecise indicator of sensi ivit .
 

.A strain's acid Itolerante diR not Itelate to itsa
 
to nc ulalte abuindaridis ri e(ffctiscl at pI 1 6.3. In,
 
relation to earlier evidcriur (e.g., .,'inns, 1965) of
 
rhiobitl variation in acid tolerance hft. noiulaltion,
 
Buiiio 1972) .iliiilliiatel lollillirited ,:,ilappil
 
erifs illoie Iolnialit stiairi s IlliNls be Illoe with
 
lie greitr genral sir ih'nc,Ce in ir prestii ii;ils,
 
howe m sigitifit .n111s iri llr llile litlillilnli
,i.Ioilit ir 

with Si:liilit frquicinis ill ibi.ld.lilI li(Xliililinig a,.
 
SOliatiois (ill22 of .i in spmseI iilating
out 1 Jit lino 

Asso(iAtioils ill 17 oiit if2T5 Alid iN dtepiesstd giowti
 
of plaits with preti ihsieIierclinsouir in ahtuii
da -IN and SpAoselsi rXliiiatiig ,isolia(ltiol%.
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