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Fig. 3. Comparisors of plan ield at pH 5.0 with yield at pil
6.3, for different thizobia: strains, demonstrating lack of
relationships between svmbiotic tolerance and effectivenes
measured at favorable pH. Data for ineflective strains
omitted.

by plant performance under favorable conditions at
pH 6.3 (Fig. 3. Selection for tolerance should be
possible, and need entail no sacrifice of performance
potential. Some of the best strains were highly toler-
ant, and two strains, 425 and m7, combined tolerance
with high effectiveness on both hosts (Fig. 3).

A collection of candidate rhizobia can be severely
reduced by a single screening for high p‘rlorm.mcc
under acid stress. Less stringent perfermance criteria
might be advisable. Successful l’leld application re-
quires several important rhitobial characteristics, in-
cluding host range versatilits, Jongevity in inoculant
preparations and soil, competitiveness, and effective
ness maintained during maturation of the plant. In
a wider context of tesung, strains 425 and m7 might
prove inferior to shightly less effective or less wolerant
strains such as 174, 209,420, 421, 756, m3, m5, and mé6.

Sparsity of nodules. the main cause of symbiotic
failure at low pH, was probably not simply due to I)oor
thizobial growth in most cases. The rhizobia have been
tested for abiliy to grow i acid defined media con-
tuning Al (Keveer and Munns, 1979 and except for
6R, 108, and 921 shrould have had no difficulty grow.
tng in the Goldridge soil wt pH 500 Further in the
same sotl adjusted 1o pH 4 6, «ome of the strains nodu-
lated cowpea reasonably abundantly (strains 189, 171,
and 173 of the group add-senstive on mung, hut net
U8). Perhaps there av an add-sensiuve step later than

colonization of the rhizosphere in mung bean as in
alfalfa (Medicago sativa) (Munns, 1968) and pea (P
sum sativum) (Lie, 1969).

Acid Tolerance in Relation to Other Rhizobial
Strain Characteristics

The hypothesis that acid production and fast growth
in yeast mannitol indicates acid sensitivity gains litje
support from our data. In view of the wide acceptance
of this hypothesis (most recentiy Sanchee, 1977), we
tested all possible relationships. The rhizobia varied
greatly in growth rate and acid producuon, time to
turbidity ranging from 4 to 8 days, and final pH of
the medium ranging from 58 to 7.4. Despite tls,
the only significant regression of the above properties
with any index of symbiotic acid sensitivity based on
plant yield or nodulation, was & power function regres.
sion of final pH with relative yield decline. Adid pro-
ducers lcndu[l to be the more sensitive, as prn;x)sed
by Norris (1965, 1967); but the coefficient R? was
only 0.15.

Contingency analyses failed 1o establish relationship
between a strain’s adid production or growth rate and
its svimbiotic acid sensitivity. All but four of the strains
could be classified clearly into a group of 18 strains
that took less than 7 days to achieve turleu) and low-
ered the pH, and another group of 18 that ok 7 or
more days and did not lower the pH. Each group
contained 12 strains that .nduced abundant nodulation
{more than 25 nodules per plant at pH 6.3), of which
seven strains gave a sigmficant decline in nodule num-
ber due to soil addity amongst the fast growing acid
producers and sty strains amongst the slow growing
group. The W slew growers indluded 13 highly effec
tve strains, the 18 fast growers induded 10, Of these,
five of the 13 slow growers and four of the 10 fawt
growers showed a significant dechine in plant vield
due to adidity, None of these differences between slow
and fast growers 1y significant. Finally, soil aadity
caased almost the same average percent dedline in
vield of plants inoculated with highly effective rhivo
bia, whether they were fast growing acid producers
(38 dechne) or slow growers (364 dechne).

In short, rhivolnal sad production in veast manniol
mayv be some sort of m({i(;nm of add rolerance for
wide compuarisons of ssmbiotic assodiations involving
different host spedies and genera (e, Munns, 1977,
1978); but in selecting staans of thizobia for a given
host speaes, mung bean ac east, add production is a
uselessly imprecise indicator of sensitivity.

A stran’s acid tolerance did not relate to s ability
to nodulate abundantly or effectively at pH 6.3, In
relation to carlier evidence  (eg, Mvinns, 1963) of
rhizobial variation in aad tolerance fo  nodulation,
Burton (1972) appropriately commented Cvat appan
ently more tolerant strains mayv simply be those with
vhe greater general virulence  In t‘u- present trials,
however, aadity significanthy reduced nodule number
with sl frequency i abundants nodulating as
sociations (i 22 out of 15y as in sparsely nodulating
associations an 17 out of 25 Aadin de pressed growth
of plants with predsely the same h(qmn(\ in abun-
din Iy and sparsels nodulanpg assodations,
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Host Variety

At low pH, yield of Berken declined dispropor-
tionately to decline in nodule number (Fig. 1). This
agrees with other evidence that soil acidity can impair
nodule function over ard above its influence on nod-
ule formation, the effect varnving between legumes
{Munns, 1977, 1978

In most respects, the two hosts behaved alike. Nodu-
lation of both was abundant, effective, and acid-toler-
ant with a similar number of strains; and performance
of astrain on one host tended to match it performance
on the other (Table 3). The exceptions, however, are
mmportant.  Existence Ui strains with different toler-
ances on different host culuvars complicates the busi-
ness of defining tolerant rhizobia and legunies.

Efforts are being made to select legumes tolerant
of soil acidity factors (Wnight, 1977; Sanchez, 1976,
Munns, 1978). Some of this work, done with N-fer-
alized plants. suffers from uncertainty whether sym-
biotic tolerance correlates with the nosmally greater
tolerance of the N-ferulized host. Tests with svmbiotic
legumes should be more appropriate, but the results
may lack generahity of the test mdudes only one ino-
culant treatment, whether 1t be a mixture of strains
or a single defined strain. With inung bean, for exam-
ple. « companison of calavars nodulated by strain 420,
or m8, or the much-used 756, would idenufy Berken
as more addsensitive than v, V2184 but a compari-
son wsing strain 169 would lead o the opposite, equally
wrong conclusion. Properly, comparisons of host plant
tolerance should mdude at least two or three effective
thizobial strains, applied as separate inoculant treat-
ments to allow expression of interactions involving the
rhizobial component of the svstem. Likewise, of course,
svmbiotc wolerances of rhizobia should be tested on
niore than one host.
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