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Fast-Growing Rhizobia Isolated from RootNodu~es of Soybean

Abstract. Fast-growing rhizobia have been isolated from soybean root nodules
collected in China. These new isolates are physiologically distinctfrom slow-growing
soybean rhizobia. They formed effective nitrogen-jixing associations with wild
soybean and an unbred soybean cultivar from China, but were largely ineffective as '
nitrogen-jixing symbionts with common commercial cultivars of soybean~.

Rhizobium isolates from nodules of lupin;) have generation times of six or
domesticated soybeans and the wild pro- more' hours (5). A fast growth rate is
genitor species of soybeans (Glycine soja associated with an acid reaction in man
Sieb. and Zucc.) obtained from three nitol medium, whereas sloW."growth is
recent expeditions to China (1) have usually accompanied by·an alkaline reac
been characterized. In ali three collec- tiOil.Acomparison of'.growth rates and

, tions, we found fast-growing Rhizobium. acid production of fast- and slow-grow-
They were obtained from the east-cen- in~ R. japonicum and of other fast-grow
tral provinces ofShansi, Honan, Shan- ing species shows that the new soybean
dong, and Shanghai, which are included rhizobia show more resemblance to oth
in the area considered to be the center of er fast-growing species of rhizobia than
origin and diversity for the soybean (2). to typical slow-growing R. japonicum
Presumably, the center of origin for its (Table 1).
nitrogen-fixing microsymbiont Rhizobi- All ten- of the soybean cultivars tested
um japonicum is in the same region. formed nodules when inoculated with
These fast-growing isolates are a previ-' pure cultures of the fast-growing rhizo
ously undescribed group of Rhizobium bia (Table 2). However, only on cultivar
that may be useful in the genetic im- Peking [a black-seeded genetically unim
provement of Rhizobium strains for soy- proved line from China (6)] did the fast
bean production. growing R. japonicum form effective ni-

Rhizobium are bacteria capable of trogen-fixing symbioses. On the com
forming a nitrogen-fixing symbiosis with mercial soybean cultivars, these bacteria
leglJminous plants. the taxonomic status were either completely ineffective or'
of Rhizobium is controversial because it only poorly effective in the fixation of
is based on host infectivity (3). For ex- nitrogen. They also formed an effective
ample, strains forming nodules on the symbiosis with G. soja, the putative wild
soybean plant are given the species rank ancestor-progenitor of the cultivated
R. japonicum. Within designated spe- soybean (7). The fast-growing isolates
cies, the bacteria exhibit fairly uniform formed ineffective nodules with two Ma
biochemical characteristics. Two impor- croptilium species and Sesbanla canna
tant manifestations of biochemical differ- bina Roxb., hosts that associate readily
ences; growth rate and acid production, with fast- and slow-growing Rhizobium.
have been used in differentiating rhizobia Cultures of the fast-growin~ isolates
with different host affinities (3, 4). were verified as R. japonicum by repeat-

Fast-growing species of rhizobia (R. ed soybean (Peking) infection and isola-
'meliloti, 'R. le~uminosarum, R. trijolii; tion tests. These cultures were s'cruti~
and R. phaseoli) usually have generation nized for the presence of slow-growing
times of 2 to 4 hours, whereas the slow- colonies that might be masked by, the
growing species (R. japonicum and R. fast-growing type. None were found.
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Other fast-growing rhizobiat
Rhizobium meliloti 2.5
Rhizobium trifolii 2.9

*This isolate, previously designated number 440,
was obtained from the Nitragin Co., Milwaukee,
Wisconsin. tData for Rhizobium meliloti and
Rhizobium trifolii (16) are means of six and five
strains, respectively.

Slow-growing Rhizobium japonicum
PRC 005 9.9 6.8
PRC 113-2 8.2 6.8
PRC 121-6 6.9 7.2
PRC 2031 13.0 7.0
PRC B15 8.2 7.2
USDA 110 9.6 7.3
USDA 122 6.7 7.4
Mean 8.9 7.1

Fast-growing Rhizobium japonicum
USDA 191* 3.7 5.2
USDA 192 4.1 4.7
USDA 193 3.8 5.9
USDA 194 4.8 6.5
USDA 201 3.5 6.7
USDA 205 2.9 5.2
USDA 206 4.1 4.7
USDA 208 3.5 4.8
USDA 214 3.5 6.1
USDA 217 2.9 6.5
Mean 3.7 5.6
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(Pisum sativum L.) have also exhibit
ed unusual symbiotic characteristics (13,
14). More extensive collection of Rhizo
bium from such centers should broaden
the available genetic base of this agricul
turally important microorganism.

HAROLD H. KEYSER

U.S. Department ofAgriculture,
Agriculture Research Service,
Cell Culture and Nitrogen Fixation
Laboratory, Beltsville, Maryland 20705

B. BEN BOHLOOL

Microbiology Department, University
ofHawaii, Honolulu 96822

T. S. Hu
Institute of Soils and Fertilizers,
Chinese Academy ofAgricultural
Sciences-, Beijing (81) People's
Republic of China

DEANE F. WEBER

U.S. Department ofAgriculture,
Agriculture Research Service,
Cell Culture and Nitrogen Fixation
Laboratory

Not nodulated
Leucaena leucocephala
Medicago sativa
Trifolium repens
Trifolium pratense
Astragalus sinicus

Nodulated: effective symbiosis
Glycine max cv. Peking
Glycine soja*

Nodulated: Ineffective symbiosis
Macroptilium atropurpureum
Macroptilium lathyroides
Sesbania cannabina
Glycine max cv. Lee
Glycine max cv. Clarkt
Glycine max cv. Williams
Glycine max cv. Chippewat
Glycine max cv. Wilson-6t
Glycine max cv. Bedford
Glycine max cv. Hardee
Glycine max cv. Kent
Glycine max cv. Mandarin

*Seed collected in Shansi province, China, in 1980,
by T. S. Hu. tTests were conducted on cultivars
Clark, Wilson-6, and Chippewa with seven, six, and
four strains of the fast-growing Rhizobium japoni
cum, respectively.

Table 2. Response of several legumes to in
oculation with fast-growing R. japonicum.
Surface-sterilized seeds were sown in steril
ized vermiculite in containers supplied with a
nitrogen-free nutrient solution. Approximate
ly 107 cells per strain were added to each
seed, and containers were placed either in a
growth chamber or greenhouse. Nine strains
of the fast-growing R. japonicum were tested
on each legume, except where noted. The
strains are those listed in Table I, exclusive
of USDA 191. Large-seeded legumes were
thitined' to three plants per container and
small-seeded legumes to eight. Each legume
Rhizobium treatment was tested in triplicate.
Mter 5 to 6 weeks, plants were scored for
color, and roots were examined for the pres
ence of nodules. In addition, one or more
of the following measurements were deter
mined: plant top dry weight, nodule fresh
weight, nitrogenase activity (CzHz reproduc
tion) (17), and plant nitrogen content. Tests
with the species of Sesbania, Macroptilium,/
and Glycine included other fully effective
strains used as standards.

link between the two distinct groups,
since they have the physiological attri
butes of fast-growing rhizobia, but the
symbiotic attributes of slow-growing rhi
zobia. They should be useful in genetic
studies of R.japonicum, since fast grow
ers are much easier to manipulate geneti
cally than slow growers. Their contrast
ing symbiotic reactions on different soy
bean cultivars also make them poten
tially useful in studies or' the host
determined factors of nitrogen fixation.
The ineffective symbioses of the com
mercial soybean cultivars with the fast
growing R. japonicum suggests the pres
ence of host genes similar to those
known to control ineffectiveness with
slow-growing R. japonicum (12).

Rhizobium - leguminosarum collected
from the Middle East centers of its host

pH

Mean
gener
ation
time

(hours)

Isolate

Table 1.·Mean generation times and acid
production by fast- and slow-growing rhizo
bia. Cultures were grown in yeast mannitol
(15) liquid medium (50 ml) at 28°C on a
reciprocating shaker. Samples for determina
tion of mean generation times were taken
during the exponential growth phase, and
turbidity was measured on a Beckman spec
trophotometer (comparison of this method
with direct viable counting yield and nearly
identical data). Samples for determination of
pH change were taken after 4 days; the initial
pH was 6.8. Each result is a mean of three
replicates.

The bacterial contents of nodules were
also identified by the fluorescent anti
body technique (8), with rabbit antisera
to fast-growing rhizobia.

According to the current classification
scheme of Rhizobium, which is based on
host infectivity, these new isolates are
grouped with the slow-growing R. japon
icum. However, the aspects of their
physiology given above, as well as car
bohydrate utilization and other biochem
ical tests (data unreported), indicate
these rhizobia are different in many re
spects from typical R. japonicum. Pro
posals have been made to reclassify Rhi
zobium (9-11) and to separate fast- and
slow-growing rhizobia into different
gt?nera on the basis of their growth rates
and biochemical and genetic differences.
The new isolates may be an important
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