Po- A2~ F(G

CO 3 L/ P

Annual Progress Report
1982

RESOURCES SUPPORT SERVICES AGREEMENT BETWEEN
AGENCY FOR INTERNATIONAL DEVELOPMENT
and
U.S. DEPARTMENT OF AGRICULTURE

RSSA USDA 4-76

Beltsville Rhizobium Study and Collection Center
USDA ARS
Nitrogen Fixation and Soybean Geuetics Laboratory
Plant Physiology Institute
Beltsville Agricultural Research Center
Beltsville, Maryland

D. F. Weber and H. H. Keyser



Annual Progress Report - CY 1982

RSSA USDA 4-76

Current Staff:

Deane F. Weber, Microbiologist and Principal Imvestigator
Harold H. Keyser, Microbiologist
Richard F. Griffin, Biological Laboratory Technician
Alan Sandler, Biological Aide (% time)
I. OVERALL OBJECTIVES
1. Collection, characterization, documentation and preser§ation of Rhizohium
In 1982, 37 strains were addéd'to the collection, including 5 R. japonicum,

2 R. legumionsarum, 2 R. phaseoli, and 3 cowpea rhizobia. J. C. Burton

deposited 19 isolates of R. trifolif, including native California isolates that
are ineffective, effective, and competitive isolates, as well as other key strains
of R. trifolii.

We collaborated with American Type Culture Collection in the verification of
the type strains (Bergey's Manual) of Rhizobium which they keep.

Greenhouse studies with lima bean rhizobia in symbiosis with cv. Jackson
Wander demonstrated the production of ureides in the symbiosis, and plant ureide
concentration was well correlated (r = 0.91) with total plant N. Since the plants
were grown in N-free medium, this means that ureide concentration in the lima bean
correlated well with nitrogen fixatfon in comparison to the correlation hetween
acetylene reduction and total plant N (r = .60). The work was done in cooperation

with Dx. Peter van Berkum.



Evaluation of symbiotic effectiveness among rhizobia from Leucaena

leucocephola, Coronilla varia, and Onobrychis viciaefolia showe. almost complete

cross nodulation between the hosts, but definite specificity for effectiveness.

O0f the nine Leucaena isolates only one was ineffective on Coronilla varia, the

rest being fully effective and all were effective with Leucaena. In contrast,
none of the eight Coronilla isolates was effective on Leucaena, but all were
effective on their homologous host. Both of the Onobrychis isolates were

ineffective on Leucaena and Coronilla.

Continuing examination of acid and aluminum tolerance in rhizobia showed that
leucaena-crown vetch, peanut, and soybean rhizobia were acid and Al tolerant, while
clover and bean rhizobia were very sensitive to Al though tolerant of pH 4.5. Two
strains each of peanut and soybean rhizobia were grown in tatum acid-Al soil and
displayed over 1000-fold decrease in viable cells when the pH was less than 4.5,
Even at this low pH, rhizosphere population levels were approximately 10-fold higher
than in adjacent soil.

In cooperation with B. Ben Bohlool and Mike Sadowsky, a study was conducted
comparing biochemical relatedness of fast- and slow-growing soybean rhizobia.

While both the fast- and slow-growing rhizobia were positive for catalase, urease,
oxidase, nitrate reductase, and penicillinase, the fast-growing R. japonicum
grouped with other fast growing rhizobia in that they were tolerant of 2% NaCl,
were capable of growth at pH 9.5, utilized a large variety of carbohydrates
(.otably dissccharides), and produced serum zones in litmus milk. In addition,
these fast-growing strains were similar to other fast-growing species of Rhizobium
in that they had appreciable levels of B~Galactosidase and NADP-linked 6-phospho-
glucorate dehydrogenase but no detectable hydrogenase activity. Although the
fast-growing soybean rhizobia share symbiotic host specificity with the typical

slow growers, they appear biochemically more closely related to the other

fast-grawing species than to the typical slow-growing R. japonicum,



Rhizobium isolates were obtained from nodules of Acacia albida that were

planted in an ultis;l soil from Beltsville. These isolates were studied in
cooperation with Dr. L. Jackson (USDA, Peoria, IL) with regard to extracellular
polysaccharides, R. Jjaponir m serogroup identity and nodulation of soybea=.,
Identical extracellular 4f9fmethylﬁgfglucuronofgfrhamnans are formed by some

Rhizobium japonicum strains isolated from soybean root nodules and by rhizobial

isolates from Acacia albida, Vigna radiata, and Desmodium sp. Composition and

methylation analyses demonstrated identity to the structure determined by Dudman.
In this acidic heteropolysaccharide, the tetrasaccharide repeat unit is a 4-0-
methyl-D-glucuronosyl side-chain residue appended to a 1,3,4~tri-O-substituted

L-rhamnose residue in a main chain that also contains (1+3)~ and (1+4)-1linked

L-rhamnosyls. The Acacia albida microsymbionts, Rhizobium sp. NRRL B-4391, NRRL

B-4592 and NRRL B-4593, were classified in R. japonicum serogroups 94, C2 and C3,

respectively. This classification is a function of somatic antigen and is
independent of the extracellular polysaccharide. All three strains from A. albida
as well as the one from Desmodium sp. nodulated soybeans effectively.

In cooperation with S. L. Uratsu, University of California, Davis, a survey

was conducted in 1980 on 972 B. japonicum (formerly Rhizobium japonicum) isolates

obtained from 323 soybean root nodules from 65 locations in 12 states. Isolates

were examined for hydrogenase (Hup) phenotype by the tritium assay, and for their
somatic serogroup identity in agglutination tests with 15 ahtisera from serological
type strains. Only 20% of the isolates were Hup+ and a majority of Hup- isolates

were found within 10 of the 12 states, confirming the results of a previous survey.
Only 9.8% of the isolates did not react with any of the antisera tested. The most |
predominant serogroup was c3 (21.5%), followed by USDA123 (13.6%). Of the 59 isolates

belonging to serogroup 135, all were Hup-, while 86Z and 100% of the isolates in



serogroups USDA122 and 38-122 were Hup+, respectively. Most serogroups contained
Hup+ and Hup- isolates. The presence of more than one serogroup was found in
10.8% of the nodules, and 9.3% of the nodules contained different Hup phenotypes
within the same serogroup.

Permanent preservation of the collection is proceeding well. The goal is to
have the entire collection preserved in two parallel states - lyophilized and in
glycerin at -80°C. So far this is completed for the R. japonicum and all
recommended strains for the major legumes. Associated evaluation on host legumes
continues, and a revised catalogue is projected for late 1983.

2. Distribution of cultures of Rhizobium for research and inoculum production
in DC's and LDC's.

In CY 1982, the collection distrubuted 842 cultures of Rhizobium for 124
requests, serving 26 countries. Eleven private companies (inoculant manufacturers
and biotechnology firms) requested cultures. The remainder of the requests were
from private, local, state, or federal research institutions.

Summary of 1982 Rhizobium requests:

R. japonicum 483 cultures (57%)
'Cowpea' rhizobia 221 cultures (26%)
R. phaseoli 47 cultures (5.6%)
R. leguminosarum 36 cultures (4.2%)
R. meliloti 31 cultures (3.7%)
R. trifolii 24 cultures (2.9%)



Below is a summary of Rhizobium requests serviced by the collection over

the last 7 years:

Year Requests Cultures
1976 31 193
1977 61 320
1978 41 2217
1979 69 515
1980 57 508
1981 117 765
1982 124 842

3. Serve as a depository for microbial germplasm

Dr. J. C. Butron deposited 19 isolates of R. trifolii for incorporation
into the collection.
4. Train researchers and technicians in techniques and subject matter for
applied research and technology of Rhizobium biology and consult with and provide
technical assistance to those who work with rhizobia in LDC's.

In CY 1982, Dr. Seydou T. Sanagho (from Mali) finished his training and
research in Rhizobium competition, inoculant preparation, strain evaluation,
and serological identification. Subsequently, Dr. Sanogho has taken a job in Zambia.
The NifTAL-subcontracted job deals with Rhizobium inoculant production, field
evaluation of strains, and other applied aspects.

In November 20-28, 1982, Dr. Weber accompanied J. Gritzner and C. Corrillan
of NAS to Senegal. The purpose of the trip was to consult with Senegalese
officials on the newly established MIRCEN at Bambey and to visit the tree legume

trial sites in Senegal.



Also, Dr. Keyser cooperated with J. Gritizer in preparing a protocol and
sampling kit for soils from W. Africa where the tree legumes are to be tested.
The soil will be tested at Beltsville for indigenous Rhizobium, numbers, identity

and effectiveness.

I1. RESULTS OF RHIZOBIUM FIELD TRIALS

1. Rhizobium-lima bean trial conducted at Upper Marlboro, Maryland, granular inoculant.

'King of the Garden'

Nitrogen source Yield-kg shelled/16' row
150 lo: nitrogen i.86 a
USDA3258 1.82 ab
NAPB mix 1.76 abc
TAL 22 1.72 abec
USDA3317 1.69 abc
USDA3259 1.61 abc
USDA3257 1.59 abc
USDA3313 1.58 abec
USDA3315 ' 1.49 be
Uninoculated 1.43 c

The same greatments applied to cv. Bridgeton and Fordhook 242 gave no

significant differences in yield.



2. An observation trial was conducted at Upper Marlboro with Voandzeia subterranea,

Canavalia ensiformis, and Vigna acontifolia. While V. subterranea grew poorly,

the other two species grew very well, and in contrast to other legumes in the
field were virtually untouched from pests. Both C. ensiformis and V. acontifolia
showed a nodulation response to a mixture of effective lima bean rhizobia. Also,

V. acontifolia set pods and developed mature seed, indicating that it can be used

in future field tests.



Soybean-Rhizobium field tiials conducted at Maryland Tobacco Research Station,

Upper Marlboro, Maryland 1982,

Seed applied peat inoculant.

kssex

Kent

Strain
USDA 122
R54a

587

J507

PRC 160
29

CB 1809
PRC 113-2
PRC 127
USDA 142
Yla

USDA 110
USDA 143
WE 19
USDA 138
USDA 6
WB 69
PRC 3

PRC 143

USDA 31 (Control)

Non-nod Clark

Yield (bu/acre)

43.8
43.5
40.8
40.6
40.2
39.9
39.8
39.6
39.3
39.3
39.3
39.1
38.9
38.1
37.0
36.1
36.1
35.4
35.2
33.7

26.2

Stratn
PRC 113-2
PRC 127
J507

PRC 160
R54a
USDA 143
29W

CB 1809
PRC 3
USDA 110
587

WB 69

PRC 143
WB 19
USDA 142
USDA 6
USDA 122
USDA 138

Yla

Nen-nod Clark

USDA 31 (Control)

Yield (bu/acre)

34.7
34.1
33.6
33.6
31.4
31.2
31.2
31.0
31.0
30.6
30.5
30.0
29.9
29.8
29.8
28.9
28.6
28.1
27.4
26.2

23.3
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Summary Statement

The World Rhizobium Study and Collection project at Beltsville provides the
following services to AID.

1. Safe, permanent and comprehensive collection of Rhizobium cultures available
at Beltsville.

2. Acquisition of cultures from worldwide sources to provide cultures of value
in study and production of all agriculturally important legumes.

3. Characterize cultures with an objective of selecting superior cultures fcr
field conditions.

4. Enumerate and catalog rhizobial cultures to improve accessability for LDC
recearchers.

5. Distribute cultures and information on BNF as requested.
6. Train researchers and technicians in applied Rhizobium biology.

7. Study ways to more effectively use Rhizobium cultures by inoculation in field
situations.

Accomplishments include:

1. Collection of Rhizobium isolates: The Center received new germplasm from
collection of expeditions (by others) to the Mediterannean area and the
People's Republic of China. Also, the Center received many isolates for
tropical legumes from other major Rhizobium centers in Brazil, Colombia,
Australia, England, Hawaii, Spain and South Africa.

2. The Center characerized the performance on legumes of newly acquired germ-
plasm for lima bean, mung bean, cowpea, Siratro, alfalfa and soybean. 1In
some cases, strain characterization included tolerance to acidity and alum-
inum, and energy efficiency rating via hydrogen evolution from nitrogenase
activity. New soybean rhizobia were also serclogically identified.

3. The Center published the first public listing of its collection in December,
1979, with the USDA - Beltsville Rhizobium Culture Collection Catalogue.
The catalogue 1s being distributed on a world-wide basis.

4. The Center 1s serving as a depository for safe keeping of rhizobial germplasm
that is available by special permission of the donor for distribution or use.
To date, one institution and one private company have used this service, but
it is anticipated that more will use it in the future.

5. The Center has distributed approximately 400 strains of Rhizobium to over
20 countries in the past 2 years. The requests for strains have increased
since the publication of the catalogue.
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6. Four researchers: Theresa Fuertes, from Spain; R. Al-Rashidi, from Iraq;
Somchai Podiyut, from Thailand; and Dr. Hu from China were given training
in Rhizobium methodology by the Center's staff.

7. Contact and assistance to LDC rhizobial workers has been accomplished
through correspondence. Further assistance is foreseen as Center personnel
travel and become better acquainted internationally.

8. Field evaluation of rhizobial strains has been carried out. Dramatic
rhizobia strain X peanut cultivar interactions due to inoculation was
demonstrated. Also, field trials on rhizobia for lima bean, mung bean
and cowpea were perfcrmed, and promising resvlts from the lima bean trial
are being pursued further. Tests also are planned for common bean and
soybean.

Previous evaluations have indicated problems with personnel and travel ceilings.
The temporary full-time slots approved for the project were part of the AR head
count which delayed filling slots until well into the contract period. This
problem has been alleviated and the slots are now filled with permanent employees,
and any additional personnel needed would come from cooperative agreements with
the University of Maryland or other cooperating institutions.

The renewal Sept. 1980 agreement with AID transferred travel monies to the Office
of International Cooperation and Development (OICD) of USDA. 'fhis procedure
should adequately take care of future travel needs.

The project is making satisfactory progress. The next management review is
scheduled for Oct. 1981.
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