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Survival of Rhizobium phaseoli in Six Carrier Materials'

S. D. Sparrow, Jr., and G. E. Ham?

ABSTRACT

Peat is the most commonly used base material for Rhizobium sp.
(rhizobin) inoculants; however, suitable sources of peat are not available
in many developing countries. Other materials have been evaluated as
alternatives to peat as carriers of rhizobia, but few of these studies have
included Rhizobium phaseoli. In this study, survival of three str: ins of
R. phaseoli was evaluated in peat, ground peanut hulls, ground corn
cobs, charcoal, vermiculite, aiu polyacrylamide gel at 4, 25, and 45 C.
Numbers of viable cells of rhizobia were determined in the carrier ma-
terials by the plate count procedure at time zero and periodically up to
30 weeks. Survival of each strain was much better in peat, charcoal, and
vermiculite than in peanut hulls or corn cobs. Die-off in polyacrylamide
gel was rapid for strain CIAT 75; survival was better for strains 3644
and 650R, but bacterial contamination wss a severe problem, For peat,
charcoal, and vermiculite, survival was good at 4 and 25 C for strain
3644; for CIAT 75 and 650R survival was good in these carriers at 25
C but not at 4 C. Survival was very poor in all carriers 2t 45 C; no viable
cells were detected after 3 days. None of the materials tested was superior
to peat as carriers of R. phaseoli, but the results indicate that charcoal
and vermiculite can be used as inoculant carriers with relative success.
Storage of inoculants in these carriers is feasible at rcom temperature.

Additional index words: Bean rhizobia, Beun inoculants, L.gume in-
oculants, inoculant storage,

PEAT is the most commonly used Rhizobiuni sop. {rhi-
zobia) carrier for commercial legume inoculants in
many countries; however, suitable peat is not available
in many developing countries (Halliday and Graham,
1978; Tilak and Subba Rao, 1978; Corby, 1976; Wu and
Kuo, 1969). Thus, alternate materials that support large
numbers of viable rhizobia for extended periods of time
are neceded. Many materials have been evaluated as rhi-
zobia carriers (reviewed by Strijdom and Deschodt, 1976)
but few of these studies utilized Rhizobium phaseoli,
Since beans (Phaseolus vilgaris L.) are a primary food
crop in many developing counirics, more research on long-
term survival of rhizobia in bean inoculants is needed.
Paczkowski and Berryhill (1979) reported good survival
of R. phaesoli in several coals [rom different sources, and
Corby (1976) reported high numbers of R. phaseoli in
decomposed corn cobs after 2 months storage.

A synthetic carrier would have an advantage over nat-
ural materials because it would not have the variability
that most natural materials have (Dommergues et al.,
1979). Thus, a synthetic carrier may be useful as a stan-
dard against which to compare natural, less uniform ma-
terials such as peat.

The objectives of this study were to (1) determine sur-
vival of R. phaseoli in different carrier materials and to
(2) determine survival of R. phaseoli in the inoculants
at different temperatures. Peanut hulls, corn cobs, and
charcoal were selected for cvaluation because these ma-
terials are likely to be readily available in many devel-
oping countries; vermiculite was :lected because this ma-
terial has been reported to have a protective effect on
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rhizobia (Bonnier, 1960); and peat was vsed as a standard
against which to compare the other materials. Polyacry-
lamide gel (PAG) was tested because it is a synthetic,
chemically defined medium and has been shown to sup-
port rhizobia (Dommergues ct al., 1979).

Three incubation temperatures were used. The low
temperature (4 C) was selected because most workers
have reported better 'ong-term survival of rhizobia in
inoculants stored under refrigeration than at near room
temperature or higher (Newbould, 1951; Gunning and
Jordar 1954; Vincent, 1958; McLeod and Rougkley,
1961; Fraser, 1966). Since inoculants are often stored at
room temperature, survival at 25 C was evaluated in this
study. Rhizobia inoculants are sometimes subjected to
very high temperatures; fcr example they are often left
in the hot sun or stored in hot storage sheds (Date, 1970).
Therefore, a high storage temperature (45 C) was tested
to determine if R. phaseoli can be stored at very high
temperatures in any of the carrier materials evaluated,

METHODS AND MATERIALS

Survival of Rhizobiun: phaseoli strains 3644 (from
Rothamsted), CIAT 75 (from CIAT), and 650R (from Rho-
desia, now Zimbabw.) was monitored in Wisconsin sedge peat,
ground peanut hulls, ground corn cobs, hardwood charcoal, ex-
panded vermiculite, and PAG at 4, 25, and 45 C.

Rhizobium phaseoli cells were grown a1 room temperature
in yeast extract-mannitol (YEM) broth (Vincent, 1970), cen-
trifuged, and resuspended at 10 times the initial concentration
in dilute mannitol-salts (DMS) medium (0.1g mannitol/liter in
YEM salts).

Peat and charcoal were received in powdered form. Peanut
hulls, corn cobs, and vermiculite were ground to pass a 60-mesh
screen. The acidic materials, peat, peanut hulls, and corn cobs,
were adjusted to near neutral pH (after autoclaving once) with
fincly ground CaCOsy; no pH adjustment was made for the basic
materials, charcoal and vermiculite. PAG was prepared to have
a pH of about 7.0. Moisture retention properties for the solid
carriers (all but PAG) were determined with a pressure plate
(Richards, 1965).

The solid carriers were prepared for inoculation by adding
enough water, less the amount of liquid to be added with the
rhizobia suspension, to result in approximately - Y% bar matric
vrater poten¢ial. The materials were then autoclaved for 1 hour
on each of 3 consecutive days and any water loss compensated
for by adding sterile distilled water. Sterility was confirmed by
plating small samples of uutaclaved material on YEM agar and
making observations for growth. Rhizobia suspensions were
added to each material at a rate of about 55 ml pcr 1,000 ml
of carrier and the iroculant mixed ou a rotating mixer. The
inoculants were then placed in 500-m} polycthylene bags which
were heat sealed and the contents mixed manually to insure
uniform distribution of cells. The bags were incubated at 4, 25,
or 45 C. Duplicate samples werec made for each inoculant.

The PAG was prepared by a modified procedure of Dom-
mergues et al. (19/9). A 90-ml aliquot of rhizcbia suspension
was mixed with 30 ml acrylamide solution (238 g acrylamide
in | liter phosphatc buffer, pH 7.0), 30 ml bis-acrylamide so-
lution (12.5 o N,N’-methylenebisacrylamide in 1 litzr buffer),
0.6 ml ammonium persulfate solution (126 mg in 1 ml H,0),
and 0.15 ml N,N,N'N'-tetramethylethylenediamine. The sus-
pension was mixed and poured into 100- by 150-mm plastic
disposable petri dishes and allowed to gel. The dishes were placed
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Table 1. Seleci.< physical and chemical properties of rhizobia carrier materials.

Water Bulk
Carrier materialt contentt densityt Initial§ Final{ Kjeldahl-N NHN Nitrate-N Total-C
% g/ml pH——m— % ppm %

Peat {10% CaCO,) 60 0.44 4.19 1.41 0.80 161 26 51
Peanut hulls (50% CaCO,} 48 0.59 5.03 7.99 0.72 ’ 31 37
Corn cobs {33% CaCO,) 65 1.39 4.76 1.29 0.20 17 2 43
Vermiculite 11& 0.48 1.73 7.99 NDtt 14 1 0.18
Charcoal 54 0.27 8.08 8.20 0.10 5 3 89

t Acidic materials adjusted to neutral pH, using amounts of CaCO, indicated, at beginning of incubation period.

$ Water content and bulk density at — ¥ bar matric water potential,
§ Without added CaCO,.
§ At end of 30-week incubation period.
# Unable to do analysis due to interference problems.
1t None detected.

in plastic bags to prevent desic:ation, and incubated at the
appropriate temperature.

Viable cell counts were made on cach inoculated carrier 1
hour after inoculation and then after 1 day, 3 days, 2 weeks,
and every 2 weeks until week 12, and then cvery 3 weeks until
week 30. For the solid inoculants, a 10-1al sterile scoop was used
to remove a 10-ml aliquot of matrrial from cach of the sample
bags. The aliquot was added to 90 ml DMS medium plvs glass
beads, then two or three drops Tween 80 and one drop antifoam
B was added and the suspension shaken for 1 min, and serial
dilutions made. For the PAG, approximately 1-ml blocks were
cut from the gel, weighed, and placed in 99 ml DMS medium
in a Waring blender and mixed fo, 2 min. Plating was initially
done on YEM agar, but after a few weeks, fungal contamination
became a problem and YEM agar plus 30 ppm rose bengal and
30 ppm actidionc (Burton, 1978) was used. Preliminary tests
with and without the added inhibitors indicated little effect on
rhizobia counts. Viable cell counts were also done on rhizobia
suspensions at the time of addition to the carrier materials.
Concentrations of cells added to the original materials were 2.90
X 108, 3.84 X 108 and 6.77 X 102 cells per ml material for
strains 3644, CIAT 75, and 650R, respectively. Recovery of
added cells in each carrier was determined by dividing numbers
of viable cells counted at 1 hour by numbers added initially.
Numbers were first calculated on a basis of cells per ml earrier
material and then converted to cells per g by dividing counts
by the bulk density of the carrier material.

Near the end of the study, approximately 300 colonies that
were counted as rhizobia were i1solated, cultured for 3 days in
YEM broth, and serotyped using the method of Vincent (1970).
Also, 1 ml of each culture was used to inoculate navy bean
seedlings grown in growth pouches (Weaver and Frederick,
1972). After 5 wecks, these plants were observed for nodulation.
This was done as coni.rmation that counted colonies were indeed
R. phaseoli. To determine amount of water loss in the inocu-
lants, water contents were measured at the end of the 30-week
inoculati~n period in those carriers still retaining viable rhizo-
bia. Also, at the end of 30 weeks, the pH of each carrier material
was measured to determine if pH changes occurred during the
incubation period.

Total N contents of carrier materials were determined by the
semi-micro Kjeldahl procedure (Bremner, 1965). Other chem-
ie2i analyses were performed by the Univ. of Minnesota Soil
and Plant Analysis Laboratory, using published methods
(Dahnke, 1980).

Since different rhizobia strains had different initial popula-
tions, survival data were indexed to allow statistical comparison
between strains. Log trausformed counts for each strain-carrier
at each time increment were subtracted from log tra.asformed
counts of that treatment at time zero (1 hour). In this way, all
treatments had a value of zero at time zero, and at any time
increment values less than zero indicate die-off, whereas positive
values indicate population growth. Analysis of variance was
performed on the indexed survival data. The data werc treated

as a split-plot experimental design with rhizobia strains and
carriers serving as main plots and time increments serving as
subplots. The Bayes LSD (BLSD) riulliple comparison test
(Smith, 1978) was used fo- mean separation. In the BLSD
proccedure, a k-ratio rather than au « value is used. The k-ratio
is the Type I to Type Il error scriousness ratio. A k-ratio of
100 corresponds approximately to an « value of 0.05.

Data for cach temperature were analyzed as a separate ex-
periment. This was done because both replications at a given
temperature were incubated at the same time in the same in-
cubator; different temperature treatments were incubated in
reparate incubators. Thus, there were no replicates for tem-
perature, and the effects of temperature could not be analyzed
statistically.

Only data for peat, charcoal, and vermiculite were used in
the statistical analyses since only these carriers supported viable
rhizobia until the end of the experiment at any temperature.

RESULTS

Selected chemical and physical properties of the carrier
materials are shown in Table 1.

Recovery of added R. phaseoli cells in the carrier ma-
terials was greater than 50% for all strains in all carriers
except for strain 3644 in peanut hulls and corn cobs, in
which recoveries were 32 and 6%, respectively, and the
recovery of all strains in PAG was only about 10%.

Significant (P =< 0.05) strain X carrier X time in-
teractions were found at 4 and 25 C. Survival charac-
teristics of strains 3644 and CIAT 75 at 4 and 25 C are
shown in Fig. 1, 2, 3, and 4. Survival data for strain 650R
are not shown since this strain behaved similarly to CIAT
75 in most carriers. Survival at 45 C is not shown since
no viable cells were detected after 3 days in any carrier
at this temperature.

Dic-off of rhizobia was generally rapid in peanut hulls
and corn cobs; survival in these materials appears better
at 4 than at 25 C (Fig. 1, 2, 3, and 4). Fungal contam-
ination was a severe problem in both carriers, especially
at 25 C, and counting could not be continued after a few
days in some treatments.

Die-off of CIAT 75 was very rapid in PAG; no viablc
cells were detected after 3 days at 4 or 25 C (Fig. 3 and
4). Survival of 3644 was better than that of CIAT 75 in
PAG, but bacterial contamination became such a severe
problem that counting was discontinued after a few days.
At 4 C, 650R numbers had reached zero at 28 days; at
25 C numbers were estimated to be 10° cells per g after
8 weeks, after which counting was stopped due to severe

contamination.
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In many countries, the accepted standard for rhizobia
inoculants is 107 or more viable cells per g (Burton, 1978).
Numbers of 3644 in peat, charcoal, and vermiculite were
equal to or greater than 108 viable cells per g at 4 C and
were equal to or greater than 107 cells per g at 25 C at
the end of the incubation period (Fig. 1 and 2). Numbers
of 3644 in peat declined rapidly, especially a. 25 C, dur-
ing the early stages of the incubation period, but later
recovered and at the end of the study, numbers were not
significantly different from initial numbers (Fig. | and
2). Numbers of viable 3F44 cells in charcoal and ver-
miculite remained nearly constant throughout the incu-
bation period at 4 C (Fig. 1). At 25 C, 3744 numbers
gradually declined in charcoal during the latter stages of
the incubation period, and at the end of 30 weexs numbers
were about 107 cells per g which was significantly less
than were numbers initially. In vermiculite at 25 C, 3644
numbers appeared to fluctuate considerably, but at the
end of the study, numbers were not significantly different
from initial numbers (Fig. 2).

Numbers of CIAT 75 and 650R in peat, charcoal, and
vermiculite declined steadily at 4 C and at the end of the
study numbers were much lower then 107 cells per g (Fig.
3). At 25 C at the end of 30 weeks, no significant change
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Fig. 1. Survival of R. pAaseoli strain 3644 in six carrier materials at 4
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Fig. 2. Survival of R. phaseoli strain 3644 in six carrier materials at 25
C.

from initial numbers was noted in CIAT 75 in pcat or
in 650R in charcoal. There was a significant decrease in
numbers of CIAT 75 in charcoal and vermiculite and in
650R in peat and vermiculitc at 25 C (Fig. 4) but these
carricrs did support acceptable (107 cells/g) numbers of
rhizobia after 30 weeks.

Near the end of the study, colonies counted as rhizobia
were isolated and verified. About 90% of these reacted
with the appropriate antisera, indicating that nearly all
were R. phaseoli of the appropriate strain. On the other
hand, only 66% of the isolates formed nodules on navy
bean (Phaseolus vulgaris L.) plants. We have found that
poor nodulation sometimes results when plants were grown
in growth pouches; however, the very low rate of nodu-
lation «nay be in part due to loss of infectiveness of the
rhizobia during storage.

Some water loss occurred in peat, charcoal, and ver-
miculite during the incubation period, despite the fact
that they were stored in sealed, polyethylene bags. At the
end of 30 weeks matric water potentials were about —0.9,
—0.7, and —1.0 bars (32, 35, and 40% water contents,
dry weight basis) for peat, charcoal, and vermiculite re-
spectively. Water loss was slightly greater at 25 than at
4C,
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Fig. 3. Survival of R. phaseoli strain CIAT 75 in six carrier materials
at4C.
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DISCUSSION

This study indicates that acceptable R. phaseoli ino-
culants can be maintained for more than 6 months in
peat, charcoal, and vermiculite. The fact that reat, char-
coal, and vermiculite supported acceptable numbers of
viable cells of CIAT 75 and 650R at 25 C but not at 4
C is surprising since most reports have indicated better
survival of rhizobia under refrigeration than at or near
room temperature. Not all workers, however, have re-
ported better survival at low temperatures. For example,
Paczkowski and Berryhill (1979) found that survival of
R. phaseoli in coal was about the same at 22 or 4 C and
Joshi et al. reported better survival of R. japonicum in
soil at 25 than at 4 C.

The diffcrent responses of strains 3644, CIAT 75, and
650K in the different carrier materials at 4 C indicates
strain variability in terms of survival characteristics and
suggests that each strain needs to be evaluated separately
before use in inoculants made from unproven carrier ma-
terials.

Peanut hulls and corn cobs do not apprzar to have po-
tential as carriers of R. phaseoli. Fungal contamination
was a problem with these materials and antagonism by
the fungi may have been a factor in reducing rhizobia
survival. However, die-off was quite rapid in these ma-
terials even in samples in which fungal contamination
was not severe. The pH of these materials increased some-
what (perhaps because the CaCO; had not completely
reacted at the beginning of the experiment) during the
incubation period (Table 1) but this increase was not
likely enough to affect survival of the rhizobia. These
materials may contain substances which are toxic to rhi-
zobia.

The poor recovery of cells and the problems with bac-
terial contamination in PAG make it difficult to draw
conclusions as to survivability of R. phaseoli in this ma-
terial. The rapid die-off of CIAT 75 in this material in-
dicates that some strains cannot survive long in PAG
under the conditions used in this study. More work is
needed to determine the usefulness of PAG as a rhizobia
carrier.

The results of this study show that storage of R. phas-
eoli at high temperature (45 C) is not feasible, even for
short periods, in the carrier materials nsed. This is in
agreement with other workers whe have reported very
poor survival of rhizobia at temperatures above 35 C
(Gangulee, 1926; Burton, 1967; Isawaran et al., 1969;
Fraser, 1975; Bajpai et al., 1978).

Date (1974) stated that high organic matter content
and high water holding capacity are usually necessary
properties of a suitable rhizobia carrier. In this study,
however, no relationship was noted between R. phaseoli
survival and any of the chemical or physicz! parameters
measured.

None of the carrier materials tested in this study were
superior to peat as carriers of R. phaseoli; however, these
results indicate that charcoal and vermiculite can be suc-
cessfully used as carriers for R. phaseoli inoculants. In-
oculants of R. phaseoli can be stored for long periods at
room temperature, but not at very high temperatures,
even for short periods.

3 Joshi, M.M., S.N. Hillebrenner, and G.R. Goss. 1980. Effect of soil
characteristics and temperature on Rhizobium japonicum survival. Ab-
strag&s of the 1980 Annual Mectings of the Am. Soc. for Microbiology.
p. 164,

The apparent loss of infectiveness of about 25% of those
colonies serotypud as R. phaseoli is interesting and needs
to be investigated further. The potential loss of infec-
tiveness of a substantial proportion of R. phaseoli is an
important aspect to consider in the production of bean
inoculants.
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