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ABSTRACT

Growth studies were done in defined liquid miedia 1o aven
cffectn of Mn sonvicits and (a0 deficiency assoddated with soil
acdity. The «udy induded 273 strains of cowpes rhirobia pre-
viowh found capable of growth at 4.5 and 10 strains of Rhico
brum japonicum tolerant of pH 48 The low level of Ca (50
A represented the extreme low range in soil solutions, and
the high level of Mn (200 M) has been found toxic to legume
hiosts ot the strains tested.

In a detailed gromth studs of three compea strains at pH 4.6,
low P10 M) limited mavimum population density in all three
sdtams. low Ca hmited 1t 0 one stran,

A raprd sareening method based on attainment of turhidits
from o unall imoculum was appticd o the conwpea thirohia at
pH 1y and thuobia at 48, High Mn and low Ca
slowad growth of same strains, but Mn stopped growth of none
and low Ca stopped grawth of ondy three strains. Neither was
Ay aevere a atresy s 2950 LM AL simultaneously observed and
ALl strains tolerant of Al were tolerant of

sovhean

previoush reported.
Mnoand Jow Ca.

Pusihle amcliotanion of Al toviaty by Ca was tated in three
cowpea strans, by factonal expeniment with three €2 levels
(50-L000 M and four AL Tevels (0100 M), at pH 4.5 in liquid
medias Calcium had o statistically significant protective cffect
against ALin tno ctrains, but the effects were small and probabls
of ne biologicsl or pradtical sigmhicance.

Fnoaod soales AL tovidioy and adidity itself are probably more
mepottant oy of rhizobial growth than Mn toudty and Ca
deftiienoy.

Adduional Index Waords:  aadits, caldum, manganae, alu-

minum, thuobia, cowpea miscellany, fhizobium )aponi(um.

Munns, DYON L and MO Resser 10 Bffects of calaum,
ianyaniose and alumimum on aowth of thiobia o aad media
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He RroUIREMENT for Ca as an essential nutrient
for thizobia s quite small as determined in liquid
media (Vincent 1902y, Vincent (1962) showed the Ca
requirement to be aboat 25 M amagomoles liter)
tor normal vrowth, and tound no ettect ot ptl down 1o
55 on the tespomse to Catrom 001 w0 10 mdM milhi-
moles Hitery tor Riczoboen ool avanous pH down
to 15 which stopped wrowth. However, Rakasem
U775 reported that Ca preventad the eftects of mod-
erate acidhiny tor Lastgrowing thizabal straims, while
compea mncetling strans were more tolerant ol acid-
iy and disphed no response o Caoat Jow piL Far
ther, i ol at phE 89, addinon of o neatral Ca salt
did not attect srovth o sunvival of g last or o slow
crower, but did nnprove the growth ol the List crowea
i the thzosphere
While Ca ocan partatly ameliorate the anhihton
clfects of AL on nonssinbione lecumes CNMunns, 1Onh,
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information of such an interaction on
thizobia. The one relevant study is that of Rerkasem
(1977) where I mM Ca prevented the decline in vi-
ability of a fast grower in solution at pH o L3, but did
ot overcome the negative etfects of Al addivon. A
Jow grower that was not atfected by the acidity or Al
did not respond to Ca either.

Rhizobium strnns difter in their wolerance to acid
soils with M toxicry (Dobereirer, 1966). Rhizobia
can tolerate very high tevels ot Mn in ardficial media
(Masterson, 1908 Holding and Lowe, 1971) but there
apprats to be no anformation from actual growth
studios concerming effccss ot high Mnoat low pHL

I'he objectives of this teseareh were (1) to examine
the eftects on thizabia i aad media of low Ca and
high Mn alone and in combination with high Al (i)
1o compare these ettects with those of low P and low
P oo high Al from Kesser and Munns (1979, and (1)
to determine any etfects of increasing Ca levels on the
response to Al amony rhizobia.

there iy little

MATERIALS AND METHODS

el o

freoo

Knizobia
snd Munne

live Media—Our presiaus paper (Keyser
fets ooy of thuoba, and particulars of
media prepatstion. wdjusment of A and pHL and counting
sof viable celle he basa! solubion o all treatments is as fol-
tows Marnizol 1eg hter Nagnutamaie Vg hiter; salts (uMy;
MESO, 300 Ferne EDT A 100 AL To MLt /nSO, 04, Cudld,
b NG MoO, 062 o NOL Liste il water. Also, for
sttans which demonstrated o tesponse o grawth factors, 1 ppm

[EREAS

thianune and 01 ppmn hiotin were added  Speafi additions
1o the basal wlution tor the ddferent treatments ate listed an
fable |

Fxperiment A4--1hiee stans fiom the cowpea miscetlany

were selected for growth stadies i defined media at pH 16
Four treatments were amposed clable 1 Madia were dispensed
e taphicate Steml volumes o 27 Frlemmeser fiasks. pluged
with tottan, covered with o anall beaker, and autocddaved fon
20 min Bacternd from s slopes of sumslar age were suspended
and serally diluted so that delivenmyg |omlb to treatments gave
an tmnal denaty of about 100 cells ml The diluent was basal
swolutioi adjusted o ph to Popalation deavts was detenmined
as total sahle colls Population density at tme zeto was adeten
med directhy hom the anoculs Inoculated cultures were
cubatod a2 C om o slowhy reaprocating shaker Inosamphing
tor population densiey s bomil of media was dsepricaliy removed

[\;7ry‘/v;rn.' 5 oty two stiams of thoobia, 42 from the con
pra mscetlan and 1o fom R uponicun were tested fon tol
crance to heh Mo 200 A L and Jow Ca O My Lable |
Five of the Volerant cowpoa musceliansy sttaans and all 10 of
Ko jupanicnm turther tedted i g combinaton medium
Daving the bow Caoand Bigh Sty along swath Jow Py WMy and
bowh AL 20 v dable 1 Lhe treatments were adjusted
o ptl b conpea mscdlany andd b lor Hqapornicum steans
pH S s o o e e el for mans of the 0 gapon
Revier and Munas, 197% In the combnaton
VL dovels wore 0 LM lor the cowpea group and
2vuMoaea R A sttt were exannned twace danly
tin tuthutitsy 42 day pened One stram was
camplat tor detaiod stady over an Isoday penod. Duaphicate
nl volames were divpensed an sarew cap cultutes tubes The
mocula diluent was basal solution adpicted 1o the same plloas
that of the snven medoum Lhe ancubation conditions were
the e s Exponment Aoand 0 b ml of media was removed
itocach samphing tog pnpul.tllnn denty
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FRATENEY S INR R PR
tieatmont tha
i

detoctablh ey

R
[ RS FTTERNSE

Petforential seositavaty to sond acdits of

B Rakawm
! ' D Unvessity, of W

Do e
Nodlands

thie s

Vustiadol


http:I'an1.11
http:pnlil'lll'i.31
http:Itoii.il

KEYSER & MUNNS: FFFECTS OF CALCIU M,

MANGANESF, AND ALUMINUM ON GROWTIH OF RHIZOBIA

501

Table 1 —Media used for different experimental treatmenta.

Additions to basalt solution (A

Ezpenmental treatment CaCl, MnCl, ALlkiSO,j, KH,PO, K,HPO, K,SO, KCl pH3
Expeniment A

Full nutnents 300 0 0 500 500 0 [} 46

Low P 300 0 0 10 [} 750 0 46

High Mn 00 200 (1} 500 500 0 0 48

Low Ca 50 0 0 500 500 (1} 0 48
Expenment B

High Mo 300 200 0 500 500 0 o 4.5/4.8%

Low Ca 50 0 0 500 500 0 0 45148

Combined factors 50 200 25.509 5 ] 0 1.500 4.5/4.8
Expenment C

Ca x Al factonal 50, 250 or (1} 0, 25, 50 5 0 0 1.500 4.5

.000 or 100

? See Matenals and Methody section
! pH adjusted with HCL
§ pH 4.5 for test mith cowpea muscellany and 4.8 with & japonicum
25 WM Alfor test with R japonicum and £0 uM with cowpea musceilany

Expertment C=Three strains from the cowpea  miscellany
were tested an 2 factoral combination of $ (g aid t AL levels
4t pH 45 (Table 1y Samples were taiken over the 2.1 2 week
growth perind for viable counts Luphcate 5 ml volume were
dispensed in «rew cap culture tubes. and the diluent was basal
swolution adjusted to pH 4% The ncubation conditions were
the same as i Eaperiment A, and 1] ml of media was removed
4t cach aamphing for population densuty

RESULTS AND DISCUSSION

At low pH, 50 M Ca and 200 u M Mn imposed
little, if anv, stress to the majority of cowpea miscellany
and R. japonicum sirains (Fig.l and 2, Tables 2 and
3. Results from Experiment A (Fig. 1) show that
while 10 M P limited population density in all three
strains, 200 4 M Mn did not, and 50 wM Cadid so only
for strain TAL 11, The data suggest high Mn mav
have slowad carly growth rate for TAL 164N and TAL
IT (Fig. Ibund Ic). The turbidity tests of Experiment
B (Table 2) also demonstrate the fairly uniform tol-
erance of low Ca and high Mn. Of the strains previous.
ly determined as acid tolerant but Al sensitive (Key-
ser and Munns, 1979, three were sensitive to low Ca,
whereas none of the Al-tolerant strains were sensitive
to the Mn or Ca.

Table 3 shows that while Al is the most severe
single stress to the rhizobia, an additive negative ef-
fect ic found for a few stains (172, M3, 61A101, and
OLATL2) when low Ca and high NMn are also present

with the Al This may be of significance since all these
factors could occur together in acid soils (Munns, 1977,
a & b).

Compared with soil solution analvses from a wide
spectrum of soils, 50 ..M Ca is realistically low (Reise-
nauer, 1966; Gilman and Bell, 1978). Vincent (1962)
reported that Ca deficiency for several strains did not
occur above a level of 25 .M a pH 3.5, however we
found three strains which did not maks turbid growth
at pH 4.5 with 50 .M Ca. These same strains were
able to make turbid growth with 300 .M Ca (in the
high Mn treatment; also Kevser and Munns, 1979)
Asimilar response has been found by Rerkasem (1977)
for some fast growing rhizobia. While it is difficult o
find data on soil solution Mn analvses, the 200-,.M
level tested here has been showa to be inhihitory 1o
several legumes grown nonsvmbiotically in solution
colture (Morris and Pierre, 1919; Andrew and He.
garey, 196%). Rhizobia have been shown to tolerate
fevels of Mn up to 16 mM in media, but not in media
as acd as reported here  (Masterson, 1968: Holding
and Lowe, 1971). Further, comparable levels of both
these acidity factors (Ca and Mn) are known o ad-
versely affect either the nodulation, nodule function
or growth of svmbiotic and nonsvmbiotic legumes tha
are hosts for these strains (Andrew and Hega.ty, 1969;
Lowther and Loneragan, 1970; Munns, 19774 & b
Andrew, 1978). Therefore, under acid conditions the
tolerance to low Ca or high Mn among most slow-
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Fig. 1—Reponse of three cowpea thirobia 10 P. Ca and Mn (Exp. .\,
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Table 2—Reaponse ta low Ca and high Mn amonyg rbizobia in
different tolerance categaries (Exp. B).

cumber of strains T:me to turtidity. 1n days®

Sensr-  Sensir 20.MCa 200 M Mn
tuve tive
Tested toCa toMn 2§ la | x r
Cowpes muscellany
Sensitive to pH
45- .M @ - - - - - -
Tolerant of pH
4 5, sensituve
10 50 M Al 10 3 0 4 6-12 114 T-24
Tolerant of
50 M Al 13 V] 0 H1 6-15 92 7-15
R Japonicum_
Tolerant of pH
4 8, sensitive
10 25 M Al 3 0 0 103 10-11 100 10
Tolerant of
25 .M Al 7 U 0 #6 5-10 86 5-10

t \Mean irutial densities; cowpas musceilany 10°**** cellaml. R japonicum
10° e cellwml

1 Two of these strains could grow slowly (23 days ta turbidity) at pli 45
10 the 200 .M Mn medium (contaiung | mM P

4 Mean

1 Range.

growing rhizobia strains appears a east equal or su-
perior to that of the host plant.

The results from the Ca x Al trial are shown in
Fig. 3. and a summarized analysis of variance s given
in Table 1. Though statistical analysis indicates s
nificant Ca interaction effects for two of the three
strains, inspection of the growth curves suggests that
Ca otfers too litde prorection against: Al to be bie-
logically significant.

The statstical analvsis for TAL 11 shows no man
or interaction effects of Ca All levels of added Al
cused a signiiicant early reducton in - population
density, with the 25 .M AL reatment thereatter show.
ing a faster growth rate than the we higher levels
(Fig. 34). The low P level in this wrial limits total cell
number and theretore prevents the response to Ca
that TAL 1! showed in Experiment A,

For TAL 184 (Fig. *b), the iniual large decrease in
viability occurted only at the two highest Al levels:
however, this strain was able to recover rather wrll,

—
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TIME (doys)

Fig. 2—Response of strain TAL209 to individual and combined
acidity factors (Eap. B).

Table 3—Reaponse to individual and combined acidity factors
among rhizobia (Exp. Bl

Tiume to turbidity, in days

Strains Combinad
5. M P 50 M Ca 200,.M Mn 50,50 Alt lactors

Cawpea rmuscellany (pH 4 5)

Strains

163 s s 7 17 17
425 7 7 7 14 14
209 8 N 7 14 15
172 7 7 7 14 25
M3 7 7 7 15 17
Mean 7.2 7 1 148 17.6
R japonicum (pH 4 8)
25 WM Al

61A101 10 5 5 20 >25
61A112 10 10 10 20 >25
61A124 22 10 10 >25 >25
61A144 10 10 10 20 20
61A150 20 10 . >2% >25
Allen 519 10 10 10 25 25
Allen 51l 12 10 10 20 20
Allen 542 8 10 10 nd nd
USDA 110 10 5 5 20 20
CH 1809 12 11 10 »>25 >25

124 9¢C a8 >20 >20

Mean

t Values {rom simultancous studies reportad in Keyser and Munns (1979}

though at lower growth rates. Statistically, the cifects
here are also largely due to Al levels and time, but
there were smaller etfects of Ca in first and second
order interactions. The Al < Ca effect appears to be
due to a slight progressive response to increased Ca
levels onhy at the highest Tevel of Al (100 4 3M), this
determined from comparing all Ca-Al means averaged
over time. From uspection of all individual means,
the signiticant second order interaction appears to be
due to the longer lag period in the lowest Ca and high-
est AL level as compared to the two higher Ca levels
4t the same Al levels. However, the 50-uM Al level
at the lowest Ca addition grew slighty faster than
at the two nigher Ca levels, so that a meaningiul trend
Iy not apparent.

For TAL 125, the results are more statistically com-
plicated. The simple features are that even at 100
uM AL there was comparatively little inm‘ai dechine n
viability, there was good carly growth with up to i
wM AL and the Alfree treatment displayed the great.
est Ca response. From inspection of l.he appropriate
means, the first: and second-order Ca interactions ap-
pear to be due to the combination of the inaeaung
response to Ca for the 0 and 25 wM All(rc.n.lmcm\.
and the slightly contrasting behavior over tac (arange
at 100 .M AL While this strain displayed the greatest
Ca effects on Al response, the dominatng eifects ot Al
level are still clear (Fig. 3c).

In the Ca Al trial, Al activities were calcubated
o jon of the Debse Huckel
Increasing Ca concentrae
acuvities throuch an
250 Al treatinent,

using the first approximat
equation  (Adams  1974).
tions did not seriously lower Al
effect of jonic strength. In the .
the Al activity ranged from T Mot the lowest Ca
level, to 105 at the highest Ca The correspondane
vanges of Al actuvity were 00T o P0N for the K0 LM
Al media, and 15 0 (o 11,1 tor the 100 wWMOALmah
The initial declines in counts for strans I AL a0
aud TAL 1T were probably due to death ot cells not o
clumpny. Alumimuninduced damping, observed b
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Fig. 3—Response of three cowpea thirobia to fadtorial Ca and
Al levels (Exp. ).

Rerkasem (1977) at very high Al concentration (1
mM), was restricted to fast-growing strains, not slow
growers.  Further, phase-contrast microscopy of the
suspensions in the Ca v Al trial indicated that almost
all cells were isolated from cach other.

For growth of legumes in nutrient solution, Ca
levels from 1 to 5 mM can ameliorate the effects of Al
(Munns, 1965), but for the three rhizobia tested here
any beneficial etfects of increased Ca up to 1 mM
were slight. This agrees with similar observations on
other Al-tolerant strains (Rerkasem, 1977)3 Mostly,
the data here contirm that Al can be auite tnhibirory
to rhuzobia, 1 some strains causing an initial dedine
in viabihiey as well as an inaeased lag period and a
reduced growth rate. An carly decline in viability has
abo been demonstrated in acid soil (Vincent and
Waters, 1951 Ability of strains 1o recover after a
farge initial decline i viability in the presence ot Al
may imply phvsiological adaptation or selection of
genetically tolerant variants.

Finallv, 1f the more tnportant tolerances among
strains could be veritied i the soil environment, then
the abilite 1o adennty theswe tolerances for Hiven
sttan would be a valuable aid i mterprenng cffeces of
such sol sadiny tactors on the legume-Rinzobium
svimbiosis.
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Table 4—Analysia of variance for Ca x Al trial (Exp. C).

Strains

Source df TAL 1KY TAL 425

e - Frato? - —eom e e
Ca 2 236 017 416°
Al 3 J326 °°° 2,735 00%ee 481 00*ee
Time 3 1246 oo L.IN] pOese 136 00®°*
Ca « Al 6 oy 24n° 2481e
Ca » Time 6 05" 210 2.87°
Al « Time 9 11 21eee 672 oo 33.2200°
Ca x Al « Time 14 097 J 2yees 4 39%°°
Ertor 96

t Siguficance at probalility levels of 0 05, 0 01, and 0 00
.2, and 3 astenisks, resprctively

1

1 are indicated by
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