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'ABSTRACT

Inoculation of a soil with rhizobia puts them undet various envi-
ronmental stresses that leads to selection of subpopulations that may
not be as effective as the original population. The hypothesis was
teated by incubating different strains of rhizobia in a sandy pH 5.7
soil obtained from Thailand, Three strains of cowpea rhizobia vere
utilized; two nodulated peanuts, Tha-201 and T-1; and one nodulated
cowpea, TAL=309. The rhizobia were incubated' under dry and moist (-0,33
bar) soll conditions at 40°C in sterilized soil and at 45°C in non-
sterilized sofl, Eighty single colony isolates of cach strain were ob-
tained from nodule isolations of cowpea and peanut which were inoculated
with soill samples i{mmediately following soil inoculation and 15 days
later for non=-sterilized soil., Single colony isolates were alse ob-
talned from pour plates of soill dilutions of sterilized soil immediately
following Inoculation and agaln after 45 days of incubation. Results
indicated that there were changes in effectiveness of some strains due
to treatments. Relatively ineffective {solates (<60%Z of plant dry mat=
ter produced as compared to parent culture) were found {n relatively
high frequency (30% of {solates) in the population of nodule isclates
of stroain TAL=309, The variation was not as preat when strain TAL-309
{solatey were obtained direcctly from soll. Stralns Tha=201 and T=1 were
comparatively stable in effectivencus, Sclection of strains that have
atable effectivencss charactoristics (s ifmportant for inoculant producs

tion,
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INTRODUCTION

fipontancous loss of the symbiotle characteristics infectivity and
effectiveness of rhizobia have been reported (Roughley, 1976,
Schwinghamer, 1964, and Labandera and Vincent, 1975). Frequency of
mutation in a single gene, 'in bacteria is about 10-? and 10—8 per cell
per generation (Stent and Calendar, 1978). Therc are a number of genes
involved in effectiveness in nitrogen fixation in Rhizobium, including
17 for nitrogenase (Brill, 1980), a Lydrogen uptake system (Schubert
and Evans, 1976), and symbicsis between legume and rhizobia (Caldwell
and Vest, 1977, and Vincent, 1980). Chance for loss of effoctivencss
by spontancous mutation is considerable since many genes are involved.

There 1s also evidence that genes required for nodulation and
nitrogen fixation are plasmid-borne in rhizobia (Nuti et al, 1979,
Brewin et al, 1980, Buchanan-Wollaston et al, 1980, and Casadesus et al,
1980). Therefore, loss of plasmids from effective rhizobia may also
result in ineffective or non-nodulating mutants as was demonstrated by
Casadesus et al, (1980),

Variation in symbiotic effectiveness of cowpea rhizobia has been
reported by lerridge and Roughley (1975). They found that 17 sub-
strains of CB756 varied in symbiotic effectivencss; 9 were fully
effective, 5 vere moderately effective, 2 were relatively ineffective
and 1 was completely ineffective.

The majority of rhizobial {solates obtained from nodules on
peanuts in peanut growing arcas were either only moderately ef fective
or relatively ineffoctive (Veaver, 1974), Similar results vere obtained
vith isolates from nodules of clovers (Bergersen, 1970, Borgersen et al,
1971, and Brockwell et al, 1968). MNHolding and King (1963) and Nutman
(1946) reported that soll factors have an {nfluence on variation in
effoctiveness of rhizobia,

From an cconomiec standpolnt ineffective varlants in a fleld envi=-
ronsent conpote with effective rhizobia for formation of nodules on
legimacs and decreanc the yleld potentfal.  The frequency of effective

rhdzobdal s ralns sutating to bhocoso Inoffocrive undor stress In the




soll envirvonment has not been adequately examined, The purpose of the
experimont veported here was to determine the relative symbiotic stabil-
ity of various stralns of rhizobia to scil temperature and molstuve,
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MATERTALS AND METHODS

Symblotic stabllity of cowpea rhizobia in sterilized and non-
sterilized soil conditions was investigated., The soil was a Korat sandy
loam (Ustoxic Dystopepts) from Thailand having a pit of 5,7, Throe
strains of cowpea rhizobia were selected, Two strains were isolated
from peanut, Tha=201 (Thailand) and T=1 (Texas A&M University), ond
were effective on cowpea aad peanut. The third strain, TAL-309 was ob-
tained from the SIFTAL culture collection, Paia, Hawaii but the original
culture designation {s CB756 and belonged to the Sydney University
collection, New South Wales, Australia and {s effective on cowpea, Two
moisture regimes, air dry and moist (-0,33 bar) and two temperatures,
40°C for sterilized soil and 45°C for non-sterilized soll, were used
for incubations, All treatments were replicated twice., Soi: was
sterilized by autoclaving 10 g samples in test tubes for 1 hour on each
of 2 successive days,

From the stocks of cach strain six working cultures were prepured
on yeast extract mannitol agar slants (Vincent, 1970). Slants vere
stored In a refrigerator av 4°C after approximately 7 days of incubation
at room temperature, The working cultures were used as standavds over
a perdod of | year without additional transfers,

Inoculun for soil was prepared by transforring a loopful of culture
from a working culture to 20 ml yeant extract mannitol brotli (Vincent,
1970). The broth cultures vere cultured in an incubator shaker at 29%¢
for 7 days at which time the cultures were {n *he late log phase of
grovth. The cell densitieos of strain Tha=201 and TAL=309 used for
inoeulating non=stecilized soil vere respectively, 5.6 x I(lH and
7.0 x I{Jﬂ cells nl-!. The cell densitics of atrains Tha=201, TAL=30Y,
and T=1 used for ‘noculating sterilized soll vere reapoctively, 5.7 x
lu“. 5.5 x IUB and 6.7 x III'l colls nl'l. Soil vas inoculated by adding
0.5 ul of broth culture to 10 g samples of sofl contained in 15 x 100 w»

tost tubes wich plastiec capn, The Approprinte quantity of sterile dis




tilled water was added to adjust the soil to =0,33 bar molsture, For
the dry treatment, caps wore removed from the tubes and the soil was
afr dried in a laminar flow hood at roow temperature for 2 hours he-
fore replacing caps and placing the tubes 4n an incubator. Tubes con-
taining molst soll were kept in a wolse chamber to reduce moisture
loss, Non=sterilized soil was incubated at 45°C for 15 days but
sterilized soll was incubated at 40°C for 45 days.

Two replicates of non-sterilized soil were used for {gsolation of
rhizobia lmmediately after inoculation and again 15 days after {nocula-
tion, The entire 10 g samples were added to 90 m) of ster’le distilled
water contained {n serew-cap bottles and mechanically shaken for §
minutes. Peanut (Arachis hvposaea L.) scods wero surfaced aterilized
with a 10X solution of commercial houschold bleach for 5 minutes and
rinsed soveral times with tap vater (60°C) to remove all traces of the
bleach, Four sterilized sceds were sown in modified Leonard jars con-
taining vermiculite, The seods were inoculated with a soil suspensgion
of Tha=201 by dribbling the entire sample onto the seeds. After
inocuiation seeds vere covered with veraiculite. Seedlings vere
thinned to two plants per pot. For TAL=309, the same procedure vas
employed except that cowpea (Vigna unguiculata (L.) Walp) was the host
plant, Uninoculated soil was used for {nocelation of peanut and
cowpea in some pots to provide a check for indigenous rhizobia,

Plants used for {solating rhizobia were supplied with % strength
plant nutrient solution (Munns, 1968) except for Mg which vas used at
Y strergth and vere placed in a Light roes providing a photon f1ux den=
eity of 650 uk n=%5"! ar the top of the planta, The temperature of
the room was maintalned at 29 curing a 14 hour light period and at
21% during 10 hours of dark each day. At 5 weeks of plant grovth all
nodules vere collected and more than 40 nodules from plants in each
container vore used for isolation of rhizobia., Nodules vere surface
sterilized by first rvinsing in 952 ethanol and then soaking in 10%
bleach for 3 to 4 ninutes. The nodules vere rinsed repeatedly in
sterile vater to resove residusl bleach, Ithizobhia vere {solated by
plercing a nodule vith a (laned, 24 gaupe, needle and streaking on YMA
(yeant extract nannitol arar) cwmitainies consa reds, Alter 7 1o 10

colonties characteristie af rhignbia wore transferred 1o apar slant s,




A total of 40 fsolates were obtained from each of the two replicates,
After culturing on slants for approximately 1 week the cultures were
stored In a rofrigerator at 4°¢, :

Immediately following inoculation of sterilized soil and 45 days
after inoculation YMA spread plates were utilized to obtain single
colony isolates, After Ingubation of plates for 10 days, 30 colonies
of each strain were transferred to slants, Slants were stored In a
refrigerator at 4% after culturing, Isolates obtained from nodules
and sterilized soll were confirmed as the isolates of the fnoculum
strains by using the fJuorescent antibody technique (Schaidt et al,
1968),

For effectivencss assays a loopful of rhizobia was aseptically
transforred from YMA slants to 6 ml of YMB (ycast extract mannitol
broth) In 15 x 100 mm culture tubes having plastic closures. Tubes
were placed in test tube racks and were shaken on an incubator shaker
at 29°C for 5 days. The populations of rhizobia in the broth after 5
" 10 10% cor1s m”'. six
sirvatro (Macropriliua atvopurpurcus (DC.) Urp) seedlings in separate

days ranged between approximately 1 x 10

compartments of plastic pouches were inoculated singly with each iso-
late at a rate ol | ml broth per plant, The plants were grown in the
same light room as those used for nodule fgolations. Because of labor
and space restrictions all tveatments could not be tested at the same
tine, To compensate for this procedure 12 to 24 plants inoculated with
a vorking culture veroe included in each test so that plant growth
conditions over tise could bo compared,

The quantity of dry matter produced In plants top after 5 wveoks
of growth wvas used to group planta {nto 12 categories. Categories vere
in 10 mg Increnents beginning with 20-30 mg. Plant dry veights of
parent cultures and uninoculated controls wvere not Included in the
analyals of varlance, The variances of subpopulations within each date
of sanpling wore analyzed using the SAS (Statistical Analysis Systen)
computer progran. lHomopenelty of variance betveen treatsents vaa
tested by the Femax ratio sethod which {s the ratio of the largest to
the twallest troatsent varisnces (Steel and Torrie, 1960),




RESULTS AND DISCUSSTION

Stability of effectivencss of cowpea rhizobla in non-sterilized
soil was investigated using plant dry weight as the effectivencss
characteristic, Stuce N free plant nutrient solution was utilized tho
quantity of N fixed would be expected to be highly correlated with
plant dry weight (Erdman and Means, 1952, Wynne et al,, 1980, and
Haydock et al,, 1980), Plants uscd for effectiveness assays of
rhizobial isolates from different treatments wore not grown at the same
time but in the same control)'ed environment, Inoculation of some
plants, Iin each assay, with parent stock cultures provided controls for
comparing growth conditions botween treatments, Growth conditions for
treatments using non=sterilized soil were not significantly different
(Table 1),

Incubation of TAL=309 in non~-sterilized soil for 15 days greatly
increased the variability of effectiveness in the surviving population
(Fig. 1), Square root or logarithuic transformations of data did not
result In homopencity of variance., The mean effectiveness of the popu=
lations following Incubation were less offective than the parent cul-
ture and the mean effectivencas of the 0 day population (Fig. 1).
Approximately 372 of the isolates from samples incubated for 15 days
produced plants with dry weights less than 60% of the parent cultures
vhereas none of the ifsolates from the 0 day treatment wore so ineffec-
tive, Of the isolates from the moist soll treatment BY were classified
as ineffective (Fig, 1) since the plants were yellowish in color and
dry welights wore siaflar to uninoculated plants,

Variances for treatments of strain T™ha=201 in non=-sterilized so!l
vere not significantly different (Fig, 1). Incubation of this strain
in non=storilized soil did not increase the variability of effectivensas
in the population (Fig. 1),

The populations of strains TAL=309 and Tha=201 incubated in dry
and moist soil for 15 days at 45°C were deercased by approximately 1000
times Indicating pressure against survival vas applied, The increased
varfation in effectiveness of the TAL=109 pepulation indicates that

no leet 1y pressir Vot e dlsn ulin__ i Lhie offectivenosa tealte,




Confounding, Inthe first experinent, doe to the posuibility of plant
seleerdvivy durdng nodulation oceurred since {solates were obtained
from nodulated roots and not directly from soil, In a second experi-
ment sterdllzed soll was used so that rhizobia could be 1solated directly
from soll by plating, Because of reduced labor requircments an ad=-
ditional strain T-1 wuas included, The Incubation time was increased
to 45 days becauso reduced stress from removal of biotic factors and
lowerdng incubation temperature from 45°c to 40" increased the tiwe
needed for seloctive pressures on survival (Boonkerd and Weaver, 1982),
Populations of strains in molst soll did not decrease in 45 days but in
the dry soll the populations deercased by a factor of 10, 1000 and 100
for strains Tha=201, T-1 and TAL-309 respectively (Boonkerd and Weaver,
1982),

Plant prewth conditions were not consistently the same during the
effcctivencun assays of isolates obtained from the soil (Table 1) and
must be considered vhen making treatment comparisons. The mean effee-
tiveness of the populations {mmediately following {noculation and after
incubat {on for A5 days {n moist soil were sinilar to their respective
controls (Fig. 2), The variances of populations for these two treat=
ments were only different for TAL=309 in which case the varlance was
reduced,

Exposure to dry soil conditiona for the 45 day perfod resulted in
treateent affects on all strains (Fig. 2). Variance for strain Tha=201
vas Increased but the population nean was similar to the parent culture
sean, Varlances for the other two atrains were similar to the respec=
tive preincubation treatments, The mean effectivencss of the popula-
tions was probably significuntly lover than the respective parent cul=-
tures consldering the sagnitude of the differences and the low standard
errorg of the saaple scans (+ 2) and the standard errors of the parent
enlture neans (Table 1), For TAL=309 the dry treatnent resulted in a
statistically eigniffcant (.05 Jevel) reduced mean effectiveness as
compared to the 0 day treatsent,

Inspection of the data in Vigures | and 2 of day 0 treatsents of
both experinents reveals that the shape of the froquency distributions

for effectivenons of respective stralaos vore very sinilar, Ao
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there was no detectable difference due to sanpling of the soil populu-
tion for effectivencas by dnoculating plants and isolating rhilzcbla
from the nodules or by {solating rhizobia dircecly from sofl by plating,
The results of this regearch clearly indlcate the importance of
developing further understanding on the ccology of rhizobia in soil to
Include stalility of symbiotiec character for nitrogen fixation. An In=
cubation temperature Increase from 40°¢ to 45°C resulted in a change of
54 to 267X of the isolates of TAL-309 becoming only 60% as effective an
the parent culture, Other strains were wmore stable but some isolates
of low effectivencsn (less than 60Z as effective as the parent culture)
were obtafned for all strains, Additional research should be directed
tovards deternining the relatdve abilicies of the {neffective fsolates
to survive In soil, Also it would be beneficlal to determine i the
relative Instability of TAL-309 {s due to plasmlds that control effec-
tiveness, Certainly it is important for inoculant producers to utilize
strains of rhiizobia known to have symbiotic characteristics that will

be stable in the environments where the inoculum will be utilized,
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Table 1. Effcctiveness of the parent cultures used as controls for ecach
treatment for the purpose of determining similarity of growth

conditions between assays,

———— e e —— ———— ——ca—

Strain
Areataen; TAL=309 Tha=201 T-1
e e dry welght mg plnnt-l----—-------—-—
Soll
nonsterile  control © 110 (43.4)" 114 (46.2)
dry 111 (+4,3) 100 (+6.3)
moist 118 (+5.1) 112 (+7.2
N.S, N.S.
Soil
sterilized control 114 (+11,6) a” 118 (46,9) a 98 (+3.3) b
dry 116 (+ 5.1) a 110 (+5.1) a 113 (#4.8) &
moi st 92 (+ 4.7) b 82 (+3.2) b 86 (+3.8) b

N — A e = A e e A e A e S — - —— — — —r—

‘Number In paronthesis Is the standard error of the mean., For nonaterile soll
treatwonts averapes are of 21 to 24 plants and for sterilized sol) treatments
averages are of 11 plants,

A
Averagoes within strains for nonsterile soll were not nl}'_lllflt‘-ll'lll:.’ different

at 0,05 probability level by the F. test, For sterilized soll treatments
averapes having a letter in common are not significantly different by Duncan's
new multiple range test.




Figure 1,
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