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Eifect of Suspending Agent ard Temperature on Survival of Rhizobium in Fertilizer'

R. !
ABSTRACT

The lack of compatibility between legume inoculants and fertilizers
has been widely recognized and reported. Studies involving alternative
inoculant carriers and methods of inoculant preparation led to an
examination of rhizobia incorporation in fertitizer. The effects of
suspending; agent and incubation temper ature on the survival of .wo
strains of Rhizobium in 0-9-12 fertilizer were deicenmied using plate
counts and most-probable-number methods of analvses. Resuits
showed that oil was superior to water in nwintaining the viability and
effectiveness of two strain: of lyophilized rhizobia. A fertilizer in-
corporated with lyophilized K. phaseali suspended in oil cunteined
nearly 10° viable cells per prom after 24 weeks of incubation st 65°C.
Ia rontrast, no R, phaseoli were recovered from a feriilizer containing
a water suspension of fvophibicen cells after B weeks of ineubation
at 25°C. ‘rhese results strongly suggest that fertilizer and ivophilized
rhizobia may be eombined to form an effective inoculant if adeguate
precautions are taken to protect the rhizobia fron rehyvdratica.
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L.:GUME inoculants are often subjected to adverse
environmenrtal conditions during storage, ship-
ping, and planting which may result in decrease:l vi-
ability of rhizobia and poor nodulation of the host
legume. Various inoculant carrier formulations have
been developed to enhance rhizobial survival
Peat-hase ‘noculants, however, are considered supe-
rior in the ability to deliver large numbers of viable
“hizobia at sced tnoculation (6, 20).

Incorporation of incculants in various pelleting ma-
terials reportedly prolongs the survival of rhizobia
when applied to legume seed (3, 4, 5). These materials
include many forms of calcinm carbonate, dolonite,
gypsum, superphosphate, and rock phosphates (3, 4.
13, 14, 14, 17). The wide variations reported for sur-
vival of rhizobia in different pelleting materials (3, 17
has ted to recommendauons that sources of pelleting
materials be thoroughly screen=d for efferts on rhi-
zobial viadihity betore use in seed pelleting (14, 17)

While there arc few reports concerning lncorpma-
tion of rhizobia in fertilizers, the practice of mixing
inoculants directly with fertilizers has been discour-
aged. Burton and Curley (7) found that sodium mo-
lybdate reduced numbers of R. juponicum 995 after
4 days of wmcubation. Various molybdenum com-
pounds mixed with peat-base soybean inoculant and
stored prior to seed treatment significantly reduced
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nodulation (12). Studies examining the cffect of dif-
terent fertilizer concentrations on crown vetch rhi-
zobia in slurey mixtures showed that the rhizobia sur-
vive'd only when the slurry pH was raised to 6.0 with
CaCO6). Fraser (11) used caleium sulfate as o carrier
tor rhizobia and prepared grancles containing W0 R,
melileti per gram, At!gr 5 months, eranules stored at
25°C sl contained 107 viable rhizobia per gram. Carr
and Ballard (9) mixed a R, ¢rifolii inoculant with so-
lutions ol potassiura chloride and 10-30-10 fertilizer
(90 kg'm") tor | hour and reported « slight increase
in numbers of rhizohia.

Survival studies with Rhizobiwn in fertilizers and
pelieting materials have involved the use of liguid or
peat-base cultures of thizoba. Death of Rhizobium
in these cultures occurs rapidly at high temperatures
due to desiccation (6, 18, 19, 21} and with fertilizers
due to pH and osmetic effecs 16, 21). lyophllugd
rhivobia used in some inoculants maintain high via-
bility over extended periods of storage (2, 10, 15, 16,
23). Increased suevival rates at 28 to 36°C exhibiied
by lyophilized rhizobia compi,ed 1o peat-base cultures
are due to increased resistance to des*ceation (21, 22).
There is no published intormation regarding the com-
patibility of lyophilized rhizobia with fertilizers. The
detrimental effects of fertilizers on rhizobia might be
partially overcomne by using lyophilized cultures sus-
pended in a monagueous systom. This paper sum-
marizes an investigation of the feasibility of using oil
as a suspending agent in combining Rhizobiumt and
fertilizer.

MATERIALS AND METHODS

Strain CA22 of peanut Rhizobium and R. phaseoli Y71 A
were grown in yeast extract-mannitol (YEM) broth (23)
shaker cultures at 25°C. The cultures were harvested after
4 days of growth for R. phaseoli 971A and 10 days for
peanut Rhizobinm CAZZ bv centrifugation at 1,800 x g for
60 minutes at 4°C. The pellets were resusnended in phos-
phate-buffered saline (PBS: 10 mM K.HPO~KH.rPO,, 0. 14M
NaCl. pH 7.2) and centrifuged. The washed pellets were
suspended in minimal amounts of a solution composed of
7.5¢¢ sucrose, 5.0% dextran, and 1.09% sodium glutamate,
transferred to sterile plastic petri dishes, quick-frozen in
liquid nitrogen. and freeze-dried for 48 hours.

Lyophilized cells were dispensed into bags of autoclaved
oven film (Reynclds) and the bags were heat-sealed. The
bags were slaced in polyethylene packages containing CaSO,
as desiccant and stored 1t 8°C. The firal concentration of
lyopl.ilized rhizobia was 5.0 x 10" cells per gram for R.
phaseol; 971A and 3.8 x 10" cells per gram for peanut
Rhizolium CA22.

1. ophilized rhizobia were suspended in peanut oil (10 g/
200 ml; or filter-sterilized deionized water (10 /150 ml) as
a control. Peanut oil was previously rendered free of rhi-
zobia and water by heating at 120°C for 12 hours. Suspended
rhizobia were added stowly to 1 kg of 0-9-12 fertilizer. The
0-9-12 fertilizer (pH 7.48) was an ungranulated mixture of
100 g of KCI, 170 g of KH,PO,, 320 g of rock phosphate
(34% P-Oq;), and 410 g of Ca(’\),. Fertilizer and inoculant
were mixed using a houschold mixer. Additional amounts
of water or oil were added to fenilizer to quantitatively
transfer and incorporate the inoculant. Rhizobia-fertilizer
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mixtures were placed in a 40 cm in diameter pan granulater
and rotated at 40 to S0 rpm at a 45° angle for about 4%
minutes. All equipment us2d in inoculant preparation and
fertilizer granulation was washed in 5.25% sodium hypo-
chlorite (Clorox) and rinsed with sterile water before use.

Euach fertilizer treatment was packaged as 10 g (dey
weight) in ethylene oxide-stenlized polyethylene bags and
heat-sealed. Analyses for initial numbers of rhizobia in the
fertilizers were made 2 days after mixing the fertilizer and
rhizobia. Fertilizer containing rhizobia was stored at 5°C
prior to initiof analyses and initiation of the incubation siudy.
Samples were then incubated at 25, 45, or 65°C. Duplizate
bags of cach treatment x temperature combination were
removed for analyses ot specified sampling dates. The 10-
g sample was suspended in 90 mi of 4 solution composed
of 0.1% peptone. 27¢ Span 85, and 29 Tween 85 (1C]
America, Inc.) and shaken for 1S minutes. Seriul 10-fold
dilutions were made in 0170 peptone water, and viuble num-
bers of rhizobia were determined by spread-pliting on du-
plicate plates of Y EM agar containing 2.6 ppm brilliant green
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Fig. 1—Effect of suspending agent and temperatire on survival of
Rhizobam phaseoli 971A and peanut Rhizobium CA22 incorporated
in 0-9-12 fertilizer, L.S.D. (,, between plate counts 1.45 and 1.85,
respectively, for R. phaseoli 971A and Rhizobium CA22. L.S.D.,,
beiween MPNs 1.14 and 0.57, respectively, for R. phaseoli 971A
and Rhizobium CA22,
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to suppress the growth of contaminants. Colonies were
counted after incubation at 25°C for 6 days with R. phaseoli
971A and 10 days with peanut Rhizobium CA22,

Numbers of nodule-forming rhizobia were determined by
the most-probable-number (MPN) technique (23). One-milli-
liter aliquots of serial dilutions of fertilizer containing R.
phaseoli 971A were pipetted onto rhizobia-free seeds of
Phaseolus vulgaris L. ¢v. “Commodore’ in plastic growth
pouches supported in record racks (24). Four pouches con-
taicing two seeds cach were inoculated with each dilution.
Uninoculated seeds served as coatrols. Plants were grown
in a growth chamber meintained ac 28°C during a 16-hour-
light period and 19°C dcring an 8-hour-dark period. After
4 weeks of growth, plants were examined for nodulation,
and MPN values were calculated. In a similar manner, rhi-
zobia-free sceds of Arachis hypogaea L. cv. “Florunner’
were inoculated with dilutions of fertilizer-containing peanut
Rhizobium CA22. The peanut seeds were planted in 473-
c¢m' (1 pint) pots containing an antoclaved mixture of 2 parts
river sand: 1 part vermiculite: 1 part perlite with pH adjusted
to 6.5 with lime. Four pots containing two seeds each were
inoculated with each dilution. The seeds were covered with
2 em of the sterile potting mixture and transferred to the
greenhouse. After 6 weeks of growth, plants were removed
from the containers, roots were washed free of potting mix-
ture, nodulation neted, and MPN values detertnined.

RESULTS

Stable Iree-flowing granules were formed when rhi-
zobia suspended in water were mixed with fertilizer.
Large fertilizer granules, 5 to 10 mm in diameter, were
formed when 190 ml of water containing R. phaseoli

‘as mixed with 1 kg of rertilizer. Smaller granules
(1 to 5 mm) were formed wher 170 ml of the Rhi-
zobium CA22 suspension was added to 1 kg of fer-
tilizer. Granules prepared with rhizobia suspended in
oil were vot uniform, very fragile, and tended to ag-
gregate in the package. Fertilizer {1 kg) mixed with
290 mi of Rhizobiunm: CA22 in oil formed fragile, in-
dividual granules. Much larger, massive aggrepates
formed whea 306 mi of R. phaseoli 971A in oil was
combined with | kg of tertihizer. Packages containing
the inoculant mixtures remained irtact after 24 weeks
of incubation at all temperatures. Granules prepared
with water remained free-flowing and free from ag-
gregates, while thase prepared with oil became siightly
aggregated.

The survival of R. phaseoli 971A and peanut Rhi-
zobium CA22 in fertilizer over a 24-weck period is
presented in Fig. [. Viable numbers (plate count) of
R. phascoli Y71A suspended in oil remained fairly
constant at 10" cells per gram for 8 weeks and declined
slightly after 12 weeks of incubation at 25°C (Fig. 1A).
The most-probable-number analysis revealed a similar
survival trend. Nodules formed on bean plants were
large, located on the upper root system, and they had
pink to red interiors, indicating the presence of leg-
haemoglobin (23). In contrast, plate ccunts of R. phas-
coli Y71 A suspended in water and incorporated in fer-
tilizer declined rvapidly during incubation. No viable
rhizobia were detected after 4 weeks. Also most pro-
bable numbers of < 100 per gram were obtained for
fertilizer initially and were detected only during the
first week of incubation. Nodules on bean plants in
this MEN analysis were small, scattered on the distal
lateral roots, and were white inside. Both plate counts
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and MPNs of R. phaseoli 971 A suspended in o1} de-
clined sharply in fertilizer throughout the first 2 wecks
of incubation at 45 and 65°C (Fig. IB and 1C). There-
after, numbers of rhizobia declined at a much slower
rate at both temperatures. Incubation of fertilizer con-
taining water-suspended R. phaseoli 97TA at 45 and
65°C resulted in a drastic decline in plate counts and
MPNs: no viable cells were detected after 4 weeks.
Nodulation of plants inoculated with noculant-con-
taining fertilizer incubated at 45 and 65°C was similar
to the respective samples incubated at 25°C.

Survival trends and nodulation patterns Jfor peanut
Rhizobiwm CA22 in fertilizer at all incubation tem-
peratures (Fig. 1D-F) were analogous to those ob-
served for R. phaseoli 97YA A greater decline in num-
bers of otl-suspended rhizobia (plate count and MPN)
was observed for Riuzobinm CA22 than for R. phas-
ecli 971A at all temperatures over the first (2 weeks.
Greater survival of the fast-growing R. phaseoli 971A
relative to the slow-growing Riizobium CA22 miay be
due to differential response of these bacteria to by-
ophilization and suspension in oil and to exposure to
high temperatures.

Previous work (8) has demonstrated that a high
molecular weight polvmer of polvethvlene giveol (PEG
6000) protected fast-growing rhizobia from desiccation
better than slow-growing rhizobia. The detrimentad
effects of fertilizer and high temperature on viability
of Rhizobiwm CA22 suspended in water were similar
to those observed for R. phaseoli 971 A.

DISCUSSION

Initiai numbers of both Rhizobinm species in fer-
tilizer were about 10 cells per gram with oil and about
10" cells per gram with the water control. These num-
bers were less than the expected 10° cells per gram.
A partial explanation of the discrepancy for the oil
carrier may be the heterogenous mixtare of lyophilized
cells in oil. Uneven mixing could have resulted in
some fertilizer granules containing more cells than
others. Factors such as incomplete transfer of otl sus-
pensions to the fertilizer mixture and loss of numbers
during the granulation process may have contributed
to initial decreases in rhizobial numbers. Technigues
are being developed to improve homogenization of
Ivophilized rhizobia-oil suspensions and to increase
granulation efficicncy.

Greater survival of lyophilized rhizobia in fertilizer
with oil suspensions compared to the wuter control
al temperatures of 25 to 65°C was apparently due to
protective effects of the oil. Examinations with the
aid of phase microscopy revealed that many of the
rhizobial cells were dispersed individually throughout
the oil suspensions. This suggests that cells are en-
closed individually in an oil film. The oil film may
protect rhizobia aguinst toxic effects of fertilizer salts.
Poer survivai of water-suspended rhizobia in fertilizer
was probably Jdue to direct contact with high salt con-
centrations. Detrimental effects of fertilizers in con-
tact with unprotected rhizobia are well documented
(5, 2L, 22).

Plate count and MPN values were closely correlated
(r = 0.87) for rhizobia in fertilizer granules prepared

with oil-suspended cells. Apparently, oil allowed rhi-
zobia to maintain thetr infective and cffective traits
despite being exposed to fertilizer salts and high tem-
peratures. This is in sharp contrast to the almost im-
mediate loss of infectiveness for rhizobia when water
was used as the suspending agent. The most-nrobable-
number technique, therefore, provided a reliable check
on the infectiveness and effectiveness of the fertilizer-
base inoculants as well as an estimation of rhizobial
numbers.

Oil enabled rhizobia to survive the stress of tem-
peratures as high as 65°C. Poor survival of rhizobia
in peat-base and water-base inocula subjected to pe-
riods of high temperature can be attributed to extreme
desiccation of the organisms (6, 18, 19, 21, 11). Bushby
and Marshall (8) reported that rhizobia were protected
against desiccation in dry sotl when sugars or poly-
vinyl pyrrolidone were mixed with rhizobia prior to
imcorporation in soil. Oi} may perform o similar func-
tion in fertihizer. Oil, heat-treated to remove walter,
may protect {vophilized rhizobia from rehydration
during storage and thereby prevent cellular contact
with excessive amounts of soluble salts. Lyophilized
rhizobia have a low moisture content and are essen-
tally unaffected by desiceation: however, viability
may decrease due to other factors such as contact
with oxvgen or light (22, 23), Improved survival may
be inherent with the use of Ivophilized rhizobia since
this type of culture 1s more stable during storage at
high temperatures than other forms cf inocula (15, 21,
22).

Rhizobial survival was determined in fertilizer-in-
oculant granules with constderable variation in size
and structure. Granules formed with aqueous mate-
rials can be properly sized througie screening and re-
cveling operations on a commercial scale (1), Gran-
ulation with ol appears to be a unique approach to
fertilizer techrology, and additional research on gran-
ufe stabilization is needed before an oil-base, granuiar
fertilizer can be developed for use in the eid.

Results of the present study indicate that oil can
promote survival of rhizobia incorporated in an 0-9-
12 fertilizer and incubated at high temperatures. The
practicat advaniages of such a fertilizer-base inoculant
include delivery of viable and effective rhizobia alter
shipping and storage under adverse conditions. In
terms of use, a fertilizer inoculant would be extremely
advantageous in simultancously supplying plant nu-
trients and promoting nodulation and nitrogen fixa-
tion. Rescarch is i progress to evaluate the perfor-
mance of the inoculant in association with the host
plant and when subjected to ditferent moisture levels
and conditions of temperature-moisture stress under
greenhouse and field conditions.
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