Repranted trom the Sod Seccnee Sociery of Anieriea Journal
Volunme 46, no. 5, September October 1982

Ny

Sounth sepoe Kdo Madicon, WEZ3T1TERA

Influence of Soil Charaeteristics on the Survival of Rhizobiwm in Soils Undergoing Drying'
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ABSTRACH

A study was conducted to estabilish whethor certain soil chiarac
teristics could be correlated with the extent ol sursoval of Rivcobin
as the soils nndersent deving. the nombers of B melilon and R
phaveali tell markedly s the soils dricd, but their chundance declined
slowhy i the soils naintained inoan air-dey states The number ol
surviviog cells inereased it these bacteria were added to sterile soil
and alowed to grow befors desiceation wias evtensivg
bath species was poor in soits of phEvalues below 570 e number
of sursivars of B nchilon but not R phaseole decreasad as the content
of clay and of water 2t 13 bar soction increased. At orwamic matter
the
these chizobia was relotend to the arganic carbon content of the il

levels befow but noet shove 2 ta At abundance of suevivers of
Survival of B plaseolt was inversedy velared o the content of totd
avaitable abminum i the ~oil. bot the nuimber of survivors of th

o species wes not correlated watl the avadable phosphoros Jesels,

Vddiztonal Tndex Wardy: pils dan conment, arganic matter, denic-

cation, alunminum. phosphorus.

Chaos W and M Mevander 1IN0 Intlacn. e of sob chagag
teristios o the surs sl of R cbiams e sonls underpomy divinyg
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AIHH[ o inocufation of leguninous crops voth ef-
fective and competiitve streins of RIaz obium
often increases the quantty of pitrogen fised ard plant
vield. the population ot itroduced rhizobia tre quenthy
i~ nol puintaned i numbers Faree enough 1o cause
eftecinve noduliation of the host plant o the following
season. For oxample. the second-vear clover mor-
taltty 77 Western Austradi s cheefly oo result of the

small number of Kool renanimg i the soil adter

a4 ong hot and dey summer 0312,
Fhe suscepnitalite of Rl obien to drving is well

etablished. Vinceat et al o showed that Booreitolii

dechmed narkedly durme divine on glass beads o
secds. Mashall b D Loer reported comore than 100-
to 1000 fold decrease e the namber ol B arerodis when
Ssotl dried ot 30 C0 Floveevers s also known that
rhizobi can survive for fong periods moar-dey sotl
(7S,

Ma Shall ofby and Bushiby and Maashall 12 noted
that the dectine of rhezobie durnmyg desiccation was
affected by sol tvpe and clas contcat. Tnoview of the
apparent sicithoance of sondrvme to sub o equent nod-
ulation ol lecumes and the coology af the bacteri,
a st toovan imtormation on the
Mot
Rlicobie dunme desiccation

woas cotdieted

MATERIAES AND AMETHODS

N ovcancd SDOWEY DR vl
melilors N~ R and RO

PIRO I3 thiat woore resstant to b0 ne o streptonn cm sultate
ml of medimm were obtaned by the method ot Duanso ot al
CGhoFach staan escept the Lt s mocilated onto then
spedific host plants,
from the nodules The Bactena swere wrovn an 2350l b
lenmever tlasks contamime 100 mib ot selectine
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and the coitires used were rensolated

Vst e

sarvival of

sorl Charactensties that aftect the surve al of

949

tract- manmtol (Y END broth of the toilowing composition:
WoHTPOYL 008 w0 K PO, 005 o MeSOS7HLO, 0.2 g0 Nadl,
D1 e CaCl2HEO0 00 goveast extract (Difco. Detroit,
Michos Ve mannitol, S.00 e streptonnvan sulfiate (Sigma
Chermeal Coo St Lowis, Moo, Lomg: and 1o ot distilled
water, The bacterie were grown tor 6 d at 30 C on o rotary
shaker operatimg at 120 rpme. and the cells were collecred
hoocentiugation ot 3 C and swashed nwice with sterile dis-
trled waten

Fhe soibs used were collected om Jetterson County, New
York except g st foam cGlossoborie Haptudalt which
was from Aurora, NOYL The chemieal and physical char-
acteristios of the soll particlessize distribution, and walter
content at 15 bar suction were determined by the methods
of Greweling aond Pecdh Sy, Dower and Olson (6), and Olson
(RIREE

Fach worb was passed through o 2-mm sieve, and 1.0 mil
of o washed cell suspension was added o 10 g of air-dried
sotl contained i P2S-mi nulk - ditution bottles. After mixing
of the sotl. ihe botttes were meabated horizontally at 30°C
and alowed to e dey . Eodess stated otherwase, the period
Tor air drving was 9 d.

At cach samphing date, cach soil sample was suspended
i 100 mb ot sterite 1077 glucose solution, which was used
o ntnze possible osmotic shock durmg rehvdration, and
serial difutions were made e 0837 NaC) solnnon. The
mumber of suryiving thizobia was determined by the spread-
plate method on YEM agar supplemented with 1.0 mg of
streptomven sulfate and 250 e of ey cloheximide:ml. The
antibiotics were stertlized by passage through Nalgene filters
having a 0.2-;an pore size (Svhron Corp., Rochester. NOY .
Ihree teplicate sol samples were enumerated at cach sam-
phing date. and tiplicate plates were prepared for cach di-
lton. In 987 of the counts, the standard deviation of the
counts was - 3 of the mean. The counts at day O refer
to the numbers recosered from the sotl.

Fo sterlize soil, 100-g portions contaned in the dilution
hottles were auiockived ter 1-h pertods on cach of 3 con-
secutive davs. To ascertin whether stenihty had been
achieved. suspensions of the soil were plated on YEM agar.
The plates were incubated tor S d at 30 C

RESULTS

To determine the effect of desiceation, three strains
of Komelilod, one strain of R, phaseoli, and one strain
of R dccaminosarion were used. Cells of cach strain
were added to Lima st Toam. which was then alfowed
to dry in e, Two ditferent phases of decline were
observed Chable 1 The initial, more rapid decline in
the st 9 d was followed by a phase during which
litle change i numbers occurred, even in o period
of 73 d atter the hirst count,

Ihoese data show that somie strains are surprisingly
resistiant to drving i nmeral sorl. Such straims might
be used Tor practical moculum production with the
carrier bomg wonuneral soth o material more univer-
by avanlable than the msterials usaally used as car-
riers for o conuneraial KRhicobiem moculants, In pre-
parme commerctal moculants, the camers are either
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Fig. 6—Relation between survival and total available P,

Acidity is known to affect the activity of Riizobium
in soil (9). 1t is shown here that R, phaseoli and R,
melilori are particularly susceptible to drving in soils
with ptl value = 6.0, This value is higher than their
Seritical” pHovalues, which are usually considered
0 be between 4.6 and 8.5 tor B.omelilo and 4.0 and
5.0 for R. phaseoli (101, 10 has been reported that R.
Japoniciom survived and nodulated soybeans it the
plants were inoculated with air-dried soil stored for
3.5 years. provided the soil pHowis 5.8 On the
other hand. no surviving rhizobia were found it the
soif pH was - 5.8 (16), Aluminum toxicity: nay he
involved in the poor survival in acid soits (9. although
none of the soils used in this investigation was highly
acid.

The predominant clay in the soils used s illite
(~-4077). and the amount of montmorillonite is - 3¢
(K. R. Olson, personal communication). Hhite has been
reported 1o protect Rhizobiunm cells from the detri-
mental effects of high temperature (HD. I soils with
high clay contents, the percentage survival of [ omel-
ot was low, Tt is possible that this poor survival is
related to @ competition between clay particles and
organisms for the Hmited amount of water. and the
findings of w highly significant correlation between
survival of R, mcliloti and the water content ot the
soil at 13 bar suctior is consistent with this hypothesis.
On the other hand. although soil organic matter his
a high water-holding capicity, no greater survival wis
noted with increasing soil organic matter levels 3%,

Contradictory findings exist on the refationship be-
tween soil P eontent and the decline of thizobia during
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doving, Thus, Sen and Sen (17) found no correlation
between soil P content and rhizobial survival i air-
dried soil. but Pant and Tswaran ¢ 14 found w refa-
tionship between soil Poand the survival of rhizobia
aider conditions of drving. No clear relationship was
evident in the present study,

It is thus clear that characteristicos of both soil and
hacterium contribute to the resistance ot tie root-
nodule bacterka to loss in viability as soils lose water.
However, the finding that cortain strins i some
mineral soils persist in large numbers with little via-
bility loss suggests that such mineral coils might he
good carriers for inocike of root-nodule bacteria to
be used in ticlds subjected to repeated eveles of wet-
ting and drying.

The views and interpretations in this publication are
those of the authors and should rot be attributed to
the Agency for International Development or to any
individual acting in its behalf.
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