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Abstract

"y

Soil kept in a des:ccatea’ condition (¢ 6% _moisture content, equa/em 10 38 6 Mpa tension) for 2
years, was found to contain 300 vzable cells of cowpea bradyrhizobia per gram of soil. contrary to
the general consensus that rhizobia are hlghly sensitive to desiccation. Two strains of the native
bradyrhizobial populatzon were isolated - via host legume infection. From each of the strains.
doubly-labelled: antibiotic resistant mutants were developed in order 1o follow-up their survival
when re-introduced into natural (non-sterile) soil. The double labeling was achieved by selection
for sequential resistance to high concentrations (500 mg:l) of the antibiotics streptomycin and
spectinomycin. The antibiotic-resistant strains were then stored in yeast-extract mannitol agar. for (
3 months at £C. "The survival ability of the antibiotic-resistant strains was thén studied over a
6-week period in'the same soil of their origin under conditions of favourable moisture (field

capacity) or under slow desiccation to the moisture level at which the same strains had previously
survived for 2 years. This evaluation was underiaken both in previously sterilized soil and in
natural (non-s tertle) soil. Results of this study indicated that both strains generally survived poorly.
under conditions of soil desiccation. In fact the population of one of the. strdins declined 10 -
extinction within 6 weeks even in prevzously sterilized soil in which all probable antagonistic biotic
Jactors were precluded. Itwas concluded from the findings of this studly that the common practice of
art_i}"icial cultivation and storage of rhizobia in agar culture media and other forms of Iabbratory
manipulations of the micro-organisms was partially implicated for their loss in survival ability:
under desiccation. 1t is therefore suggested that supeérior strains of rhizobia or bradyrhizobia
intended for longer term storage for commerc:al inoculant production. be mamtamed in srenle
carriers other than in- agar media. " - . g
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Introduction e .'mam cropping systems. dependmg on the swm-‘
‘ - C e aga biotic effectiveness of the association (Giller and
he root-nodule bacteria (rhizobia afid Wilson, 1993). For the case of the non-gram le-
bradyrhizobia) subsequently, reférred to sim- gumes; most of the fixedN in the plant.biomass

ply as rhizobia, are an important group.of soil - can be returned into the soil. resulting in sub-

g:?c ?;%:tril:')s:sl;j ‘:)‘s‘ewt?ﬂ:l;e” ability tg ff_onn.tsymblj stantial improvements in soil fertility and crop

egumes and fix nitrogen. .

. . . . yields. (Mugwe and Mugendi. 1999). Due to the :
5;??f:ﬁ:iﬁ;giﬁi;??ig?;ﬁ?ggel;f}sﬁgg po;eln- variability in the efficiency of legume nodule.
€dS O1€- pacteria in fixing N: with their associated le+

umes and increase the legume grain vi i :
g : ) g grain yields n gumes. it is necessaryv to select the most effec-
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tive strains and store them for large scale
inoculant production (Singleton et al.. 1990).
Svmbiotic effectiveness is not’ the only desirable
attribute of rhizobia. The effective strains must
also be more competitive than the native, inferior
strains in nodulating the host legumes (Msumali
and Kipe-Nolt. 1998). Another desirable ecologi-
cal attribute of rhizobia is that which is referred to,
as saprophvtic competence. This is the ability of
rhizobia to survive in large numbers. in soils with
complex antagonistic factors both edaphic and bi-
otic ( Parkeret al., 1977. Alexander, 1991). For
the effective utilization of the BNF technology,
rhizobial - ecological studies including saprophytic
competence and population dyanamics are impor-
tant in providing information on the frequency of

inoculation (Chowdhury et a/.. 1983) or on pre- .
dicting the likelihood of inoculation response .

when desirable strains are introduced into soils al-

ready containing native but inferior strains

(Woomer et al.. 1997).

It is however important to note Ihdl in most .

ecological or agronomic studies w ith rhizobia.
cultures which have been selected and- maintained
on artificial media are more often used than
freshiv-isolated cultures. Yeast-extract mannitol is
the regular medium used for the growth'and main-
tenance of .rhizobia (Vincent. 1970: Dye. 1979).
As a source of nitrogen and/or.growth factors,
veast extract may contain high proportions of
some amino acids such as glycine:.alanine or

valine, or other polyamines like: for example -

spermine. which are known to be inhibitory or ca-
pable of causing mutations on rhizobia
(Schwinghamer, 1977: ‘Chakrabarti et al., 1981:
Ozawa and Tsuji. 1992). -

Apart from or in addition to the p0551b11m of
causing genetic alterations. rich laboratorv media
may also cause rhizobial maintained on agar
slopes to develop nutritional dependence on some
of the ingredients contained therein. This postulate
may appear to be logical on the grounds that the
ingredients used in laboratory media are not likely
to be present in natural soil in any substantial
amounts. As pointed out above, rhizobial screen-
ing programmes involve the selection and reten-
tion of few. symbiotically-superior.strains of
rhizobia. This means some strains have been
maintained in culture media for many vears since
they were first isolated from soil. Prior to their

isolation from soil. rhizobia in their natural habi-

\

tats are probably capable of utilizing the nitro-
gen. carbon or growth factor sources. often pres-
ent at much lower concentrations than those pro-
vided in artificial culture media.

The extent to which strains of rhizobia, with
naturally low nutrient requirements, lose their
nutritional or ecological independence due to ar-
tificial cultivation in laboratory media, has not
been investigated. Indeed. the nutritional re-
quirements of thizobia as a factor affecting their
adaptation to a pamcular 5011 have received lit-
tle attention.

.There is abundant literature (Chao and Alex-
ander. 1982 Singleton et al., 1990; Friedricks,
1996) which indicates that rhizobia are generally
susceptible to desiccation and therefore. easily
lose their viability under such conditions of
stress. This is to be expected given that rhizobia
lack features such as endospores which.enable
-other bacterial species to persist during'unfa--
v ourable conditions. The susceptibiljty. of
rhlzobla to de51ccat10n is exemplified by theA
general recommendation that seeds 1nocu1dted
with rhlzoblal culture should be planted soon
enough in‘order to avoid loss of viability of the
inoculum (Vmcent 1970: Saléma et al 1982)
Msumali and Harris (1 985) reported that strains

- of cowpea’ ‘brady rhizobia, obtdmed from the -

Rothamsted culture ¢ollection” failed to" tolerite’
\slow desiccation in an.8-week penod of$tudy in
‘an' Oxisgl from.Morogoro. Tan/ama However:

some of the Rothamsted culturesiwere isolated
from tropical soils as:early as; 1964 (Dye- 1979).

In such tropical soils. periodic or prolonged
droughts are a common feature. The observation

. that these strains failed to tolerate slovi- desicca-

tion when re-introduced into another tropical soil
could have been caused by |the long periods of -
storage in artificial media. On the basis of previ-

" ous reports (Chakrabarti er al, 1981: Ozawa and -

Tsuji, 1992). itis plau51ble to adwancc the hy-
pothesis that laboraton culm ation and mainte-
nance of rhizobia- ander refrlgerator conditions
could 1mpa1r the ability. of rhizobia to subse-
quentJV survive in nutrient- -poor and edaphically
- inhospitable soil. Bul such jare the condmons
which the bacteria do encounter in nature as
free-living saprophvtes. if not isolated in artifi-
“cial culture media. The objective of this study:

. was therefore to determine if artificial culture

and cold storage (4°C) of cowpea bradyrhizobia.



isolated from previously dedicated soil,.could. im-
pair the abilitv of the rhizobia to‘tolerate drought

cation.” ; 1
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Materlals and methods
The sorl used in- the study Cu

“The ol used in this study was a sandy. clay
loam Oxrsol (Typic Acrorthox —Kesseba'et.al.,
1972). “This soil-was later, further classified as a
Kandiustalfic Eutrustox (Kaava et al. - 1994)." Sur-
face _(0 -20 cim) s6iPsamples were ‘collected during
the'dry season (August; 1996) at a site adjacent to
the SUA Botanical Garden, as part of.the
Rlizobium Ecology Research Network for East-
érn'and Sodthern Africa (RENEASA) Project.
Thé' soil was air dried to abouit' 6% moisture con-
tent: ground and sieved (2mm) and then stored in
water proof pol\ thene bags untll 1998

The populatron of mdlgenous cowpea
bradyrhizobia in the dried, stored soil

" Thecowpea bradyrhizobial population in the
dried, storéd ‘soil:Wwas determined essentially by
the plant-infection test (Vincent, 1970). employ-
ing the modification proposed by Woomer (1993).
lii‘this procedure. five-fold soil dilution series
were aseptically prepared in .the rarige 5' = 5°ie.
6 dilution steps. One ml.of‘soil suspensions of -
each of the dilution steps was inoculated onto pre-

viously-sterlized cowpea seeds (V. unguiculata (L) -

“cv VITA 4) in quadruplicated modified Leonard
jars (Vincent 1970). Following the Tiodulation
pattems of the inociilated’ plants across thie’6 diiu-

tion steps the' Most* Probable Number (MPN) con-

cept was usedto est1mate the: population- of the
COW pea’brad\ rhizobial populatlon in the soil. us-
ing MPN ‘tablés’ (Woormier. 1993). which revealed a
population estimate of 300 viable. cowpea .
bradyrhizobial cells per gmm of sorl (Frgure l)

Isolation of bradyrhlzoblal strams and se-
lection of their antibiotic resistant mutants .

Surface sterilized seeds (Vincent;~l9.70)‘of :

cowpea were sown in disinfected plastic pots.
each containing 1 kg of the desiccated soil. The
plants were raised under normal glass-house man-
agement procedures up to 5 weeks at which maxi-
mum nodulation was expected to have occurred.

Ty Y
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Pure culture isolates of cowpea
‘bradyrhizobia were obtained from nodules of the
-uninoculated plants. They were designated as
-MG-CPr-and MG-CP:zand were presumed to rep-

resentitwo separate strains as judged by their dif-
ferential-absorption of the Congo red dve. incor--
-porated into a veast-extract mannitol.agar
(YMA) medium. Each'strain was selected for se-,
rquential resistance to;streptomycin (str) and
- spectinoimycin (spc) each-at'a cgncentration of
'500 mg/l. The-antibiotic-resistant mutant isola-
«tion procedure described by Park (I 9,38) was
cused. 5 ‘
When sufficient growth had occurred follo“ -
.ing successive transfers.onto YMA contammg
-i500 mg/t each of str and-spc. at least 3 well iso-
‘lated colonies of the doubly -labeled antlblotlc -
' resistant mutants (MG- CPl/str -spc’and
MG-CP2/str'-spc’) were picked off lr_1d'1\ rdual
. colonies from each mutantj were combined on
slopes of antibioti¢ - free YMA. incubated at
28°C to obtain conflu¢nt growth and-then stored
for 3 months at 4°C. Antibiotic — resistant mu-
tants were isolated from the wild tvpe cultures in
order to,permit:the study of.the survival of the
cowpea brady rh140b1a .in the native- (non-stenle)
. ;asiwell as the sterilized soil, an approach used b\
. earlier. workers w1th similar objecu< es (Danso
,and Alexander 1974: Rosas et al.. 1998), ..

EY

Testmg the desiccation response of mdrg—
-enous cowpea bradyrhizobia when
re-introduced into the soil - % -~

Agar slant cultures of ' str'a]in’s
MG-CP/str'-spc’ and MG-CR2/str'-spc’ previ-
ously stored for, 3 months at 4°C J(as stated

y ab0\ €). were used to 1noculate stenle veast ex-
tract manmtol broth (V1ncent l970) When the
culture suspens1on had achieved turb1d1t\ corre-
spondmg to about 10° cells/ml it was centnfuged

. at 1500 gto harvest the cells The washed cell

, .5uspen51ons (l ml) were 1noculated 1nto ‘10 g air
dned sterile or non stenle sorl in 125 ml medi-
cal flat bottles The v 1able cell numbers in the

- inocula w ere deterrmned by plate counts. The in-

oculated sorl was divided into two moisture
treatments one of which was slow desiccation
while the other was maintained at field capacity.

The moisture treatinents were prepared as fol-

lows. /
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Desucatlon

R}

After moculalmg the air- drled soil(¢. 6%

moisture content).-the bottles. with their-caps re-

moved. were placed:liorizontally- in glass desicca-
tors. containing CaQ. for'14 day's at room.temper-
ature (25°C). In a previous study (Msumali and
Harris. 1985). it was shown that 14-days were re-
quired to remove 1 .anl of moisture from 10 g of
the same soik initiallv at 6% moisture content and
under similar conditions of incubation in a desic-
cator cabinet- After‘the 14-day desiccation period.
the inoculated soil was therefore brought to its
original moisture content of c. 6%. corresponding
to a final moisture tension of slightly > 38.6 MPa.

as determined from the soil’s moisture characteris-

tic curve. Since the survival study was 1o be moni-
tored over a 6-week period. the soil that was under
slow desiccation for 14 davs already represented
the sccond sampling period. Bottles intended for
furtlier incubation than the 14 day period were
transferred to an incubator at 28°C w. herc no fur—
ther mmsture loss occunTed

Field capacity_ (FC) moisture condition

After inoculation. soil in this treatment re-
ceived distilled water up 1o a moisture content’ of
28% corresponding to a moisture tension of 0.03
MPa and was transferred‘to the incubator (28°C).
The lield capacity conditions were maintained by
the addition of sterile distilled water at regular in-
tervals to off-set slight evaporation losses. rates of
which were previously dctérinined in a separale
studyv (Msumali dnd Hdms 1985).

Experxmental desngn ‘and treatment

The survival of each of the antibiotic-resistant -

bradvrhizobial strains w as evaluated in soil of two
moisture regimes 1.€. sonl maintained under ficld

capacity or that which was dcsnccated In each .

case. previously sterilized or non-sterile (nalural)
soil was used. The survival was monitored on
bi-weekly intervals for a period of 6 weeks. The
treatment structure was therefore. a 2x2x+ facio-
rial in a4 completely randomized design (Gome~
and Gome. 1984). the factors being the ~

two moisture regimes. (wo soil sterility statuses

-and-four sampling periods namely 0. 2.4 and 6

weeks. Each of the above tréatinents was repli-
cated 3 times. Sufficient incubation bottles were-
prepared for individual sampling at:the,
bi-weeklv intervals.

Recovery of antibiotic-resistant cowpea
bradyrhizobia inoculated in the soil -
At each sampling time. ten-fold soil dlluuons
were prepared. Numbers Qf surviving
brady rhizobia were determinéd by- drop;plating

- (for sterile soil) or spread-plating.(for-natural

soil) using appropriate dilutions of the soil sus-
pensions on YMA supplemcnted with strepto-
mycin. spectinonvein and cvcloheximide cach
present at a final concentration of 200. 200 and
400 mg/] respectively. A medium incorporating
thesc antimicrobial substances was prcviously
found (Msumali and Harris, 1983) to be (otally:
sclective against native baclcrm and, thc mcuorm
of fungi in the same soil. thus. pemumng, a rcli-
able rccovery of the dodblyv-labelcd. antibi-
otic-resistant bradvrhizobial mutants_from the
native (non- stenle) soil. Eor statistical.analy sis.
the celi counts per gram of soil were lransformed
to logiscell number or jogie (ccll_p_umber .+,1_)
(Crozat et.al.. 1982). the latter-transformation
being necessary.:when populations of survivors
fell to “zero'.i.c. numbers below detection by- the
soil dilution.method emploved: ..., i ‘.

Results and dlscussu)n v

E\cept in the sterile 5011 held al fneld capacm
(FC) morsture. populations., of both slrdms
(MG-CP1 and MG-CP2) dcclmcd with llme m
the desiccated soil (Fig. ]). Surprlsmgh ho“-
ever. populdllons of bothistrains were lng,her in”
desiccated non-sterile thdn an sterile soil. Tlmsc
differences (i.c. populdtlons in desiccated slenlc
vs non-sterile soil) were sujmfxcam (P=0. 03) for
strain MG-CP2 (Table 6) t?ut non-significant for.
strain MG-CP1) (Table 3). I the sterile soil. des-

‘iccation caused the decline of strain MG-CP2 1o
-undetectable numbers in 6 weeks (Fig. 1). -
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withstand desiccation after remtroductlon mto\the soil-

S

, When averaged over mcubanon time for‘ m01st
and desnccated soil. survival of both strains was
not 51gn1f1camh different in sterile and in
non-sterile soil (c.f. Tables 2 and 5). However, the
mean numbers of survivors for either strain (aver-
aged over time for sterile and non-sterile soil) was

‘

significantly higher (P = 0.05) in the moist soil at
FC than in desiccated soil (c.f. Tables | and 4).
Thesc results imply that moisture stress per se
-rather than biological faptors affected survival of
"the native bradyrhizobial isolates. This 1s proba-

Table 1. Effect of moisture stress on survival of strain MG-CP1 (averaged over 3 replications for
sterile and non-sterlle soil. [Data in all Tables 1-2 are log 10 cell numbers per gram of soil|

Descriptive moisture Time. weeks

Content (DMC)

Moisture effect ' ' § D £
mean (MEM)  (P=0.03)

0 2 4 6
Air-dried (AD) 7.82 5.03 433 3.94 5.28 0.37
Field Capacity (FC) 7.82 6.94 6.74 6.64 7.04 .
- Time effect mean (TEM) . 7.82 5.98 5.54 5.29
LSD= (P=0.05)" 0.51

i

for desiccated and moist soil)

Table 2: Survival of strain MG-CP1 with time, in sterile or non-sterile soil (averaged over 3 replications

- . Time. weeks
o » . ot

- - Moisture effect mea.n LSD= (P=0.035)

e (MEM)~'
Soil sterility status . e e ; . > ,'_; .
<~ 0 2 4% 655 . )
Sterile 782 628 5.76 5.49 634 037
Non-sterile R 3 7.1%2 5.69 5.32 5.09 5.98
TEM 782 598 5.54 5.29
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bly to be expected since the strains of cowpea
bradyrhizobia, being indigenous to the experimen-

tal soil, are expected to have established a-stable

biotic relationship with the other native soil
microflora. Antagonistic reaction_s would not
therefore be expected to occur.

It is interesting to note that strain MG-CP2
which had survived desiccation in the experimen-
tal soil for 2 years prior to isolation, was elimi-
nated within only 6 weeks by the same degree of
desiccation in sterile soil. The desiccation of the
inoculated soil to 6% mioisture content was
achieved slowly in 14 days, a situation considered
similar to what- would occur under tropical field

conditions at the Cessation of rainfall. Abrupt des-

iccation stress causing cellular disorganization -
(Bushby and Marshall, 1977) would not therefore
explam the ehmmanon of stram MG-CP2.

e -

" Tablé 3: Effect of moisture stress in sterile or non-stenle soil, on survival of strain MG CP]

i K

(averaged over 3 replications for al] samplmg times). '

Artificial cultivation or storage in agar at low
temperatures prior to re-introduction into soi]
.could partly be implicated for; this change in eco-
logical behaviour. Reports by Pena-Cabriales
and Alexander (1979) or Chao and Alexander

- (1982) and Fnedrlcks (1996) appear. to support

this hypothesis. These researchers found that
thizobia which pr(')liferated in soil prior-to their

better than rhizobia grown in broth and then in-

'bemg sub]ect to desrccatlon surv\?ved drving

. troduced into soil and sub]ected to similar con-

ditions of desiccation. It would thus appear that
growth of rhlzobla in artificial media alters the
physiological condition of the cells i in a manner
that has not yet been adequately explained.
However, one of the effects could be to make
the cells more susceptible to environmental
stress. This suggesnon however falls to explain

Tt -

1

LT

R

‘ DMC
Soil sterility status AD - - FC B “SEM-
Sterile 488 780, 634
Non-sierile 568 6.28 598

5.28 7.04 -

"MEM

ot

Table 4: Effect of moisture stress on survival of strain MG-CP2 (averaged over 3 replications

for sterile and non-sterile soil)

R TR

E ' Time, weeks . .

(DMC) (MEM) \" " UISD ~(P=0.05)
0 2 4 6 ,

AD , 674 376 3.;5 1.89 3.88 '

Field Capacity (FC) . 6.74 6.69 6.51 6.49 ., 6.61 1

TEM 6.74 5.23 482 419 L \

LSD=(P=0.05) 10537 . o i
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cal conditions of desiccation in non-sterile
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prev1ous studies (Msuma11 and Harris,

1985) other strains of cowpea bradyrhlzobra were
found to be able to tolerate similar conditions of
desiccation better in non-sterile than in sterile soil
thus suggesting the behaviour.may:not be uncom-
mon among cowpea bradyrhizobia' Tlié. factors
giving cowpea bradyrhizobiathese -apparent ‘sur-
vival advantages carinot easily2be explained and
are vet to be identified. A suggestron that the na-
tive heterotrophic flora probably produced
stimulatory substances that enhanced surv1val ‘of
the bradyrhizobia in non-sterlle SOl] dunng desic-

cation would be 1nconslstent w1th the fact thatina .. -

soil undergoing deswcatlon the phy,srologrcal ac-

tivities of most microorganismis (mcludmg the po- 4

tential stimulators) are slowed, down Ifthere were
soil microflora capable of producmg substances
stimulatory to cowpea bradyrhizobia, thelr effect
would have been greater in moist.than in dry soil.
On the contrary. survival of the two,strains tested
was better in sterile than in.non-sterile soil under
the field capacity moisture conditions (Fig. 1).
The strains used in this study were not just
subject to artificial cultivation and storage but
were also mutants selected for résistance to antibi-

otics, unlike the indigenous population of the

same organisms. In similar ecologic‘a'l studies
(Bushby, 1981: Frredrlcks '1996; Rosas et al.,

1998), it was normally assumed that. apart from
resistance to antibiotics and. 1nfrequent symbiotic

modifications, the mutants d1d not otherwrse differ .--

in survival ability from the w11d type parent cul-
tures. Information on rhlzobral ecologV dem ed
from the use of mutants 1s thus con51dered to be
adequate in answering \qu.eis‘tlons,of survtyal prob- .,
lems of wild type rhizobia in, natural, soils,. Such
assumptions may be challengeéd bv some evidence .
(unpublished) indicating that:antibiotic-resistant
mutants of rhizobia tendrto differ from their corre-
sponding wild type cultures in-growth.rates both
in broth and in sterile soils. factors which- may im-
pair the survival of the mutznts in natural soils.
Species of bacteria havé their definite patterns of -
carbon- substrate metabollsm (Collins er al..

1998). Itis interesting to note that such pattems
were altered in three spemes each of Bacrllus and
Pseudomonas when the) were stored for 32 ‘weeks
at 4%r - 10°C (Shlshmdo and Chanwav 1998)

-
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_The aboye named species are also know n to have
growth promotrng properties.on spruce seed-
i ,lmgs Shishindo and Chanway- (1998) also-ob-
. served that spruce root colonization and growth
promotlon were greater.wrth fresh sorl isolates
..than with the bacteria that. had been stored at the
low« tempgratures, although thJs was. not, due to
loss of viability:" The above changes were how-
 ever. observed only in some but not-all sorls n;
#.cluded-in the study .of Shishindo and Chanwa\
[”(4998), P T A
e r\—)r . M I [N
Til Table 5: Survrval ‘of strain MG-CP2'with tlme, in
- sterl_le or,non -sterile soil (averaged over.3

-~ o ~

i- relications-for desiccated and moist soil)

ot

+« Time. weeks | Stenlity LSD +

1~ Soil sterility
R status . effe c‘t (p—O 05).
N - mece a
- e 'A(SEM)
P IR : . Y
; o t2 4 6
sterile T 674 335 438 383 519 039 T
-Nonstenle' 674 513 477" 455 529 T
by TN . .) .
TEM 674 523 4.82 419

’Table 6: Effect of morsture stress in sterlle or

non-sterile soil on survival of strain MG-CP2 (av-
eraged-over 3 replications for all sampling times)>

.~ F -
C .

.. DMC -+ o

" Soil sterility ' SEM
. Status —
e AD FC _
1= Sterile 2.92 747. . 519 :
“‘Non-sterlle SRRy A5 95 " 520

MEM . Tasy. 661 "
N » . N o

S, Regardlng the art1f1c1al (laboraton ) cultl\ a;
1(t10n of mlcro-orgamsms there appears to be
conv1c1ng evidence of changes in.microbial be-
haviour being caused by some chemical ingredi-
ents used in the preparation of the-culture media.
As stated earlier. veast-extract mannitol agar is
*.the:regular' medium for culturing and storage of
.:thizobia (Vincent;:1970). While veast-extract is
-“"a;recommended source of nitrogen-and growth
factors. it'is also knowr to’contain; substantial
amounts of the:polyamines:ispermineand
spermidine (Ozawa and Tsuji. 1992). Spermine
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(Spmi) and-other polyamines e.g: spermidinie (Spd)

and putrescine (Put)'have long'beén know 10 have-

inhibitory or mutagenic effects'on rhizobia
(Schwmghamer 1977:~Chakrabarti et al.:-1981).
1In a study mvolvmg thé Bradyrhizobium-Glycine

‘max svmb1051s the polvammes ‘adversely affected

the ‘growth: ‘and v1ab111tv of:Bacteroids in the G.
max nodules . (Ozawa‘and Tsuji, 1992). Wolff e:
‘al (1995) have found that-the nodulation of
Phaseolus vulgarzs was negatively correlated with
concentrations of Put, Spd and Spm. Vassileva
and Ignator (1999) have reported concentra-
tion-dependent. polyamine-induced changes in
svmbiotic.parameters of the Galega orientalis -
Rhizobium galegae N» fixing system. In that
study. it was observed that while lower concentra-
tions (10 ~ 50 uM) of Put, Spd and Spm improved
nodulating ability of Galega orientalis, higher
concentrations (100 pM) of these polvamines, not
only reduced nodulating ability but also depressed
the nitrogenase activity. The study further re-

vealed that the growth of R. galégae was not only.

depressed by povamines but that these chemical
.substances also reduced the ability of the
microsymbiont to attach to the host (Galega
orientalis) roots (Vassileva and Ignator. 1999).
There is thus. ample evidence from the above
sources of the literature that cold storage of bacte-
ria (rhizobia included) and some of the ingredients
commonly used in artificial culture and storage
media, have the potential of modifying the behav-
jour of bacteria. The commonly-reported prob-
‘lems of rhizobial survival in laboratory or field
studies are probably artifacts caused by the isola-
tion. cultivation or storage in rich media and other
manipulations in the laboratory. It can thus be
concuded from the findings of this study. that
where.facilities for lyvophilization of cultures are
not available, sterilized natural substrates such as
High orgariic matter soils or peat, could be the pre-
ferred bases for long- -term storage of superior
strams of: rhl7obla .
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