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I. OVERALL OBJECTIVES
 

1. 	Collection, characterization, documentation and preservation of Rhizobium
 

germplasm.
 

In 1983 emphasis was placed on the permanent preservation of the assessioned
 

collection. Survival studies f.om R. japonicum either lyophilized or frozen
 

in glycerin (10%) in 1982 showed excellent survival and very minimal
 

contamination when stored at -600C. Therefore, we proceeded to preserve
 

every strain in both the freeze dried and frozen in glycerin state in
 

quadruplicate. This will be the permanent mother stock collection. Also,
 

each culture will be lyophilized and stored at -200C for servicing
 

requests. Users of the collpction have indicated to us that the lyophilized
 

cultures are convenient and satisfactory for their purposes. We use flat
 

bottomed ampules with a split ring stopper with a 3 level manifold Edwards
 

Modulyo. The unit accomodates up to 300 ampules per rui.
 

An initial trial was conducted on the rhizobial requirements of 15 tree
 

legmes. A mixture of 7 broad spectrum strains (USDA76, 94, 3404, 3427,
 

32HI, CB756, 176A22) was used to inoculate seedlings in vermiculite. After
 

8 weeks roots were examined for nodulation and top growth was compared to
 

treatments receiving combined N. Thu results are given below:
 

Legume Top rowth 	 Nodulation
 

I -	N Normal
Acacia albida 


Very sparse
A. aneura 	 I<< N 


A. nilotica I < N Normal 

var. adansonii 

A. nilotica I < N 	 None
 

var. tomentosa 

A. raddiana I - N 	 Sparse 

-	 NormalA. senegal 	 I N 


Normal
Leucaena I > N 


leucocephala K8
 



L. leucocephala K503 I > N 	 Normal
 

Parkinsonia I - N None 
aculeata 

Prosopis africana I - N 	 None 

P. alba 0166 
 I - N 	 Normal
 

P. alba 0388 I < N 	 Normal
 

P. glandulosa I - N 	 Normal-

P. juliflora I > N 	 Normal
 

P. velutina I - N 	 Normal
 

While most of the trees were well nodulated, specificity for infectiveness and
 
effectiveness was apperent. (Parkinsonia sp. have been reported to be
 
non-podulating). To follow-up this research we will obtain seed and rhizobial
 
germplasm in order to carry out a methodical study on the specificity and
 
cross-effectiveness groupings among important tree legume species.
 

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

In CY 1983 the collection distributed 786 cultures of Rhizobium for 127
 
requests, serving 23 coutries. A summary of tie 1983 requests follows:
 

R. japonicum 442 cultures 	 56%
 
R. Sp. 	 149 cultures 19%
 
R. phaseoli 54 cultures 	 7%
 
R. leguminosarum 43 cultures 	 5%
 
R. trifol.ii 	 43 cultures 
 5%
 
R. lupini 36 cultures 	 4%
 
R. meliloti 19 cultures 	 2%
 

Below is a summary of Rhizobium requests serviced by the collection
 
over the last 8 years:
 

Year Requests Cultures
 

1976 31 
 193
 
1977 61 
 320
 
1978 	 47 
 227
 
1979 69 
 515
 
1980 57 
 508
 
1981 117 
 765
 
1982 124 
 842
 
1983 127 786
 

Serve as a depository for microbial germplasm.
 

No germplasm was deposited by outside sources in CY 1983.
 

http:trifol.ii


1. 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 1983 Dr. Mohammed EI-Sayed liassan from Giza, Egypt, received training
 
at Beltsville from March 15 to June 24. A bummary of his activities is attached
 
in a separate training report.
 

Dr. Lucien Bordeleau was hired as a consultant to meet with MIRCEN and other
 
Senegalese scientists and administrators regarding the support and developmvnt
 
of the West African MIRCEN. Dr. Bordeleau's expertise is valuable and necessary
 
to the success of the MIRCEN. His report is attached.
 



TT. A summary of field research conducted in GY 1983. 

SOYBEAN - R. JAPONICUM YIELD TRIALS AT 
AVERAGEYIELD (BU/A) OF CV. 

UPPER MARLBORO, 
KENT AND ESSEX 

MARYLAND 

1 YR AVE. 2 YR AVE. 3 YR AVE. 4 YR AVE. 
1983 1982-83 1981-81-83 1980-81-81-83 

CB1809 40.0 CB1809 37.7 CB1809 38.8 CB1809 36.3 
PRC127 38.4 PRC127 37.6 PRC127 38.6 PRC127 35.9 
WB69 36.1 113-2 36.1 USDA122 37.5 WB69 35.1 
USDA122 35.9 USDA122 36.1 USDA143 37.0 113-2 34.6 
PRC143 35.5 J507 35.4 J507 37.0 PRC16O 34.2 
113-2 35.0 PRC160 34.8 WB69 36.9 USDA6 34.1 
USDA110 34.5 USDA143 34.7 113-2 36.9 USDA1IO 34.0 
USDA138 34.4 USDA110 34.6 PRC160 36.6 WB19 33.7 
USDA143 34.3 WB69 34.6 R54a 36.4 PRC143 33.6 
100 lbs. N 33.7 - - -
J507 
29W 

33.7 
33.0 

R542 
29W 

34.5 
34.3 

29W 
PRC143 

36.3 
36.2 

PRC3 
Y18 

33.5 
32.8 

PRC3 33.0 PRC143 34.1 USDA110 36.1 - -
USDA6 32.8 USDA138 33.5 USDA6 35.9 - -
PRC160 32.7 USDA142 33.3 USDA138 35.6 - -
USDA142 32.6 587 33.3 USDA142 35.5 - -
WB19 31.5 PRC3 33.1 PRC3 35.4 - -
R542 31.5 WB19 32.8 587 35.4 - -
587 31.0 USDA6 32.7 Yla 35.2 - -
Yla 31.0 Yla 32.3 WB19 35.1 - -
USDA24 28.8 - - - -
Uninoc, 25.3 Uninoc. 29.5 Uninoc 30.1 Unlnoc. 29.4 
USDA31 24.0 USADA31 26,3 - - -
Non-nod 15.1 Non-nod 26.2 



The following summarizes the activities of M. 
E. Hassan while
 
he was a visiting scientist at USDA--ARS 
Beltsville in cooperative

studies with Drs. Harold H. Keyser and L. 
David Kuykendall.
 

I. Selection of antibiotic resista .t strains of 
fast-growing
 
soybean rhizobia
 

The objective of 
this study was to select genetically marked
 
strains of fast-growing soybean rhizo.,'La 
so that soil ecology

studies could be undertaken in non-sterile soil, using a 
direct
 
recovery technique.
 

Sequential selection for resistant mutants was performed with
 
naladixic acid and spectinomycin. 
Three of the fast growers

(USDA 191, 192, 
and 205) yielded doubly-marked isolates. These
 
isolates were then compared with their parent strains 
for any

significant change in growth rate, 
as well as with a slow
growing strain (1-110) and its triple-resistant mutant (110-ARS).
 

Rhizobium Specific 
 Generation
 
strain growth rate time (hr)
 

191 5 
 0.206 
 3.36
 
191 ns 
 0.281 
 2.46
 
192 4 
 0.303 
 2.28
 
192 ns 0.244 2.84
 
205 5 
 0.306 
 2.26
 
205 ns 
 0.178 
 3.70
 
1-110 
 0.128 
 6.43
 
110-ARS 0.119 
 5.83
 

The growth rate test was carried out in glycerol-yeast-salts liquid

medium. 
As can be seen from the above table, there were no major

differences in growth rates 
between the antibiotic resistant
 
isolates and their parent strain. 
Therefore, these isolates can
 
be used in soil for studies of growth rates in rhizospheres in
 
comparison with slow growers.
 

Further, testing of the marked isolates with the fungal 
inhibitor
 
'pamaricin' indicated that the 
fast-growers were 
slow to develop
 
on solid medium at 100 pg/ml, indicating further selection is
 
necessary.
 



Preliminary studies in non-sterile soil with ll0-ARS.indicate
 
this isolate could be successfully recovered and identified on
 
the selection medium at levels of approximately 103 cells per
 
gram of soil.
 

II. Characterization of Rhizobium japonicum isolates from China
 

Native isolates of R. japonicum from China were evaluated for
 
symbiotic effectiveness on soybean cv. Kent. Thirty-four isolates
 
were inoculated in sterile Leonard jars in triplicate, plants grown
 
for 28 days in the greenhouse, and evaluated for plant dry weight
 
accumulation as compared to uninoculated controls and an effective
 
reference strain (USDAl22).
 

The data of dry weight of soybean shoots clearly showed that the
 
tested strains markedly differed among them in their efficiency
 
to accumulate more plant dry matter. In this respect the strains
 
can be classified into three groups. The first group includes
 
four strains as well as the uninoculated treatment. In this group
 
the dry weight of the plants didn't exceed 2.90 g/4 plants. This
 
represented about 71% of the dry weight of the control strain
 
(USDAI22). The second group contains the majority of tested
 
strains. In this group the dry weight of the plants ranged
 
between 3.08 to 3.87 g/4 plants. The fertilized treatment was
 
included in this group and gave a dry weight of 3.08 g/4 plants.
 
It was noticed that any of the strains of this group gave higher
 
dry weight matter as compared to the fertilized treatment. The
 
third group includes the most eleven efficient strains as compared
 
to the other two groups as they accumulated more dry matter
 
ranging from 4.09 up to 4.43 g/4 plants.
 

Four of the Chinese isolates produced foilar symptoms of Rhizobium
 
induced chlorosis, a specific reaction due to the amount of photo
toxin produced in nodules by certain strains and serogroups of
 
R. japonicum.
 

Also, seven of the isolates were examined for hydrogenase activity
 
from freshly crushed nodules. Only one isolate (HTl) is classed
 
as Hup+. This isolate gave very low levels of H2 evolution
 
compared with the other isolates, and it oxidized some of the
 
supplied H2 as well.
 

+
An in vitro assay for Hup determined chemolithotropic growth
 
using methylene blue indicated that all 90 of the Chinese isolates
 
were Hup- in comparison to the reference Hup+ strains USDA122 and
 
136.
 

In somatic agglutmation tests against 13 antisera of R. japonicum,
 
4 of 13 isolates reacted. Two reacted with serogroup 6, one with
 
serogroup 123, and one with the double group 76-123. The lack of
 
reaction of other isolates indicates the possibility of new somatic
 
serogroups present in these Chinese rhizobia.
 



Report on the second mission of Dr Lucien M. Bordeleau on
 
the establishment of a Microbial Resource Center (MILZCEN)
 

in Senegal for the West African Region
 

August 23 - September 2, 1983
 

Purpose of the mission
 

To meet with Senegalese authorities and with the Director of the
 
Senegalese Microbiological Resource Center (MIRCEN) regarding
 
implementation of the MIRCEN training program, the possible
 
relocatiDn of the MIRCEN to a more convenient place near Dakar,
 
and the MIRCEN's research program development with other MIRCEN's
 
and with the National Academy of Sciences, Washington, D.C.
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On my arrival, I have meet with Moctar Tour6, DRAAI, Republic
 
of Senegal, at Dakar, to discuss of the implementation of the
 
MIRCEN after signature of the contract with UNESCO. Few papers are
 
still missing with UNESCO (Activities Program & Budget), otherwise
 
everything is in order and funds from Paris/UNESCO Office should be
 
sent soon. We discussed also the location of the MIRCEN de I'A.O.
 
at Bambey and difficulties of having a functional laboratory at
 
CNRA/Bambey. These aspe.ts will be discussed with ISRA's
 
authorities (Institut Senegalais de la Recherche Agronomique),
 
namely Mamadou Sonko and M. NDOYE. I was urged by Moctar Tour6 to
 
look at the pieparation of two research projects within the MIRCEN
 
program, one dealing with Voandzeia subterranea and addressed to
 
National Research Council, Washington; and the second dealing with
 
demonstration projects on Biological Nitrogen Fixation for plant
 
proteine production at the farmer scale and financed by PNUE, FAO
 
and AGFUND. Most of my mission was at CNRA/Bambey where the MIRCEN
 
Coordinator, Mamadou GUEYE, is located.
 

The Voandzeia subterranea project was finalized and I sent a
 

copy to the attentEoW of Dr Michael P. Guene, Washington, for
 
immediate onsideration by the Comittee on Research Grants. The
 
funding of this project i7 essential to actively initiate the
 
MIRCEN program of West Africa. The PNUE/FAO/AGFUND project was
 
looked after for its final preparation and it should be submitted
 
soon. Again, this project should provide opportunities to
 

establish the logistic for inoculant manufacturation in West
 
Africa, and should provide the support to organize training courses
 
within the MIRCEN's activities. I should have follow up on the
 
development of these projects.
 

The functioning of the West Africa MIRCEN at CNRABambey is
 
presently difficult. The responsible, Dr Mamadou GUEYE, must
 
travel to ORSTOM/Dakar every week to look after the culture
 
collection and to do the necessary lab manipulation. Quite often,
 
he must assume his own expenses for travelling and housing because
 
of lack of funds to assure him a per diem. After discussion with
 
the Scientific Director of ISRA, Mamadou Sonko, and the Director of
 
"Production Vegetale", Mbaye NDOYE, I was told that the Rhizo/lab
 
will be renovated soon and will be functional. The fact that the
 
Soya Program will move to Casamance will liberate some lab space.
 
I was also told thet they are imoroving the electrical system to
 
avoid power failures. Therefore, in a few months, the MIRCEN
 
should have a functional lab at Bambey. As it is right now,
 
microbiological laboratory work is very difficult at Bambey;
 
Ibrahima NDOYE is trying to isolate Rhizobium strains that were
 
used in the soyabean field trial. The room is equipped with a
 
laminar flow cabinet, but there is no ventilation or exhaust for
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evacuation of the toxic gases that accumulate on the use of gas 
burners. After 5-10 minutes work, temperature reaches over 40°C 
and the air is filled with carbon dioxide, this constitutes a 
health hazard and must be corrected by installing an air 
conditioning unit in the room. It is imperative that the 
microbiological laboratory be remodeled and properly - equipped. 
Otherwise, the MIRCEN program will be seriously compromised. ISRA 
has two possibilities: (1) to fix the lab at CNRA/Bambey or (2) to 
finance the functioning of the CDH at Camberene and relocate the 
MIRCEN in these new facilities. Still, the training program cannot 
be given at either place, and ISRA should negotiate with ENSUT 
(Dakar University) to assure a close collaboration for the training 
part of MIRCEN's activities. ENSUT is well equipped for training 
courses in microbiology, and they offered there collaboration on 
the MIRCEN's program.
 

I visited field plots of peanuts and beans at CNRA/Bambey to
 
evaluate the biological nitrogen fixation. Since specific
 
Rhizobium inoculant is not available, these crops are not
 
inoculated and their nodulation depends on the natural population.
 
Plants suffered from lack of water and nodules were scarce on the
 
root system. BNF could certainly be improved.
 

I was asked to review the manuscript prepared by Dr Mamadou
 
Gueye for his civil service examination, and I prepared an
 
appreciation report to the attention of ISRA's authorities.
 
Although the lack of logistics to establish the West Africa MIRCEN
 
at Bambey, the responsible coul. start a culture collection by
 
taking -advantage of ORSTOM's laboratories at Dakar, qUite often
 
travelling at his own expenses from Bambey. From the report, I
 
concluded that Dr Mamadou Gueye is scientifically and
 
intellectually prepared to belong to the community of research
 
professionals.
 

I prepared a tentative schedule for my future missions,
 
assuming that NAS will pursue this consultancy program for the West
 
Africa MIRCEN. I also assume that this MIRCEN will have a
 
functional laboratory in a few months.
 

1 - From February lst to 21st 1984: Follow up on NAS and AGFUND 
research projects - revision of culture collection - meeting 
with West African Microbiologists to regionalize the MIRCEN 
preparation of the Ist conference of African Association for 
Biological Nitrogen Fixation - training on manufacturation and 
quality control of legume inoculant --planning field plots for 
inoculant trials 
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2 - September 
1984: Site visit of field plots - sampling and 
strain identification training - follow up on projects 
-

preparation strains catalogue 
- report of MIRCEN's activities 
to UNESCO 

3 - February 1985: Training course and lecture on BNF for 
West
 
Africa MIRCEN - follow up on projects - manufacturation and 
quality control of legume inoculant - meeting with West Afica 
microbiologists involved with the MIRCEN 
- site visit of a few 
laboratories of participating West African Countries. 

Lucii M. Bordeleau, Ph.D.
 
Microbiologist
 
NAS Consultant for W.A. MIRCEN
 

September 6, 1983
 



PROGRAMME iC.EN 

lor JUIN 1983 AU 30 AVRIL 1984 

JUIN 1983 t
 

- Rapport de la r~union sur la microbiologie 

la collection de culture 
- Etab lissement de la premiere liste do 


de Rhizobium et do Mycorhizes.
 

- Preparation dee la production d'un inoculum contr8ld pour 
Vin 

1 support doPhizobium ORS 407
unguiculata CV 58-185 (souche do 

tourbe). 

ltabsorption 
- Mise en place d'une eyperience sur la cingtque de 

sur sol sterile 
du phosphore par vicrm unquiculata CV 58-185cultiv4 

mosseae.inoculd par Rhizobium ORS 407 at Glomus 

sur 1'octroi de parcelles d'essais au champ A Nioro 
- Discussion 

(S4n~gal) pour lea essais do 1984. 

fiche technique du MIRCEN 
- Preparation d'une lettre et d'une en 

vue de sa r~gionalisation.
 

Voandzeia sulterranea. - Finalisation du prograrme 

JUILLET i983 z 

- Suivi do l'expdrilence mise en place en 
Juin 1983.
 

- Prdparation et suivi des parcelles d'e"sai A Nioro & 
prdcedents 

culturaux. 

Production d'un inoculum contr~ld 
pour V9" unguiculata CV. 58-185 -

contact avec
 
Visits d'une pdpi~i~re d'agrumes A Mboro (Sdndgal) 

: 
-


SY pour l'acquisition do la maltrise 
technique de multipli-


Mademba 
mosseae. 

cation de la souche de champignon mycorhizien 
Glomus 

du rapport de titularisation- Preparation 

- Proposition du programme Voandzeia subteranea 
A I'ISRA et A la IAS. 



AOUT 1983 t
 

- Visits probable do L. BORDELEAU, coniultant UNESCO (21 au 29 Aodt) 

- Visite parcelles dlessai & Nioro
 

- Soutenance rapport de.titularisation (entre to 25 et le 29 Aot).
 

SEPTEMBRE 1983 t
 

- Fin prdcddents culturaux sur les parcelles d'essai A Nioro
 

- Collecte dchantillons de sole et nodules
 

- Pr4paration des cours pour le stage du Water Resources 
Department 

(WRD) A Banjul (GAMBIA) 

r~union de i'"African Association for Biological- Prdparation de la 


Contact Dr 9.0 KEYA HIRCEN de Nairobi.
Nitrogen Fixation" : 


OCTOBRE 1983 :
 
1.
 

- Prdparation du bulletin "Revue du MIRCEN do I'A.O" (1982), 

a partir des dchantillons de - Isolement des souches de Rhizobium 


solo et nodules collectds en semuembre.
 

- Participation au stage du WPD-Banjul (24 Oct. - 12 Novenbre 1983) 

NOVEMBRE 1983 :
 

Test et fichage des souches do Rhizobiumisoles en Octobre
-

- Preparation du bulletin "Revue du MIRCEN de l'A.O" (1982) 
1. 

DECEMBRE 1983 : 

- Publication at distribution de "Reue du HIRCEN de 1'A.O" 
(1982), I 

Preparation do la premiere r~union pour la rdgionalisatiO
n du MIRCEN.
 

-


1'Animation Rurale, D4partewent Nioro.
 -:Prdparation des contacts avec 


(transfert do techniques d'inoculation)
 

JANVIER 1984 1
 
premiare r~union
 

- Rdgionalisaton des activitds du MIRCEN : 


-
Prparation de la liste de la collection do cultures
 

du programme Voandzeia subteranea.- Ddbut probable 

FEVRIER 1984 :
 

lt. liste des souches- Publication de 

- Prdparation du rapport d'activit~s
 

MARS 1984 :
 

- Proposition activitds MIRCEN pour 1984 et 1985.
 

AVRI L 1984
 

pour le ler contrat UNESCO.
 
- Lapport d'activits MIRCMF 



BUDGET MIRCEN - 1983 - 1984 

DESIGNATION 
t en dollars US 

Etablissement at entretien dO la collection de culture do 

2 

Rhizobium du MIRCEN do l'Afrique do l'Ouest au 

do microbiologie ORSTOM-DAKAR 

- boltes de petri jetables 

- produits chimiques 

- verrerie 

- indemnit~s do ddplacement 

- Cctrol de parce~im d'essai A Nioro pour 1984 
- prdcedents culturaux (1983) 

laboratoire 

' 

360 

900 

Soo 

1000 

600 

3 - Participation au stage du Water Resources Department A Banjul 

(GAMBIA) 

- frais do mission (chercheur + chauffeur) 250 

- Collects d'dchantillons de sols et de nodules (10 jours) 

- frais do mission (chercheur + chauffeur) 

5 - Mat6riel at produits de laboratoire 

- Lyophilisation dea cultures do Rhizobium 

" cannes de verrei (10 kg) 

" chalumeau A 3 feux 

200 

90 

300 

6 

- gaz 

- coton 

- sacs en plastique 

- for A souder 

- Matdrial et Fonrniture do 

(en rouleau) 

bureau 

500 
60 

50 

40 

7 

- papdkeirie 

- climatiseur 

- 2ublication de la fiche technique du MIRCEN 

550 

750 

1 500 

- Carburant 1 500 



S 
 50 
9 - Affranchssement
 

10 - Rapport d'activitd 	 0 

10 0001TYfOAL 

2Revue du MIRCEN 
a 
I 

do la "Revue du MIRCEN" est financda par I'UNESCD our un 
* 	 a La publication 

PROJECT DOCUMFNT FOR THE ESTABLISHMENTbudjet inddpendant (voir DRAFT 

THE TEST
OF A MICROBOLOGICAL RESO-r7CES CENTER (FIRCMNY IN SENEGAL FOR 


4, 1982).
AFRICAN REGION. AUGUST 



RtUNION DE SYNTH SE SUR L'tTABLISSEMENT DU MIRCEN DE
 

L'AFRIQUE DE L'OUEST AU StNtGAL, LE 7 JUIN 1983
 

Tenue a la Direction G(nsrale de 1ISRA A Dakar sous la prssidence 

de Mamadou SONKO.
 

Sont presents:
 

Dr Lucien M. Bordeleau, consultant UNESCO/NAS pour le MIRCEN
 

Mamadou ND'IAYE, SR/Rhizo, ISRA, CNRA - Bambey
 
Francis GANRY, SR/Sol N, CNRA - Bambey
 
P. L6opold SARR, SR/So] N, CNRA - Bambey
 
Jacques LARCHER, Proqramme soja, CNRA - Bambey
 

Jos. WEY, SR/Rhizo, CNRA - Bambey
 
Ibrahima N'DOYE, MRST/DRAAI
 
Pierre VIAUD, ENSUT-DAKAR
 

Mamadou GUEYE, ISRA-MIRCEN, CNRA - Bambey
 
Mbaye NDOYE, D/PV, ISRA - Bambey
 
Abdou Aziz MBAYE, CDH, ISRA - Camberene
 

La reunion d~bute c 16 heures et L. Bordeleau propose les points 

suivants pour discussion, second6 par SONKO: 

1 - Faire le point de Mission du Consultant, voir rapport L.B. 

2 - Pr~requis 6tablis par le MIRCEN 

3 - Site le plus favorable pour le MIRCEN 

4 - Encadrement scientifique du responsable du MIRCEN 
5 - Projets pendants de la NAS, PNUE 

6 - Financement complfmentaire de I'ISRA 

7 - Coordination et collaboration pour les travaux du MIRCEN 

8 - Programme de Microbiologie A 1'ENSUT 
9 - Potentiel des Microbiologistes pour le MIRCEN 

Les discussions font ressortir le bien fond6 du MIRCEN A Bambey,
 

ainsi que les inconv~nients majeurs en ce qui regarde la non-fiabi

lit6 du pouvoir 6lectrique, le bris des 6quipements existants, le
 

manque d'espace pour les cours de formation, le manque d'encadre
ment scientifique et le manque d'6quipements auxiliaires.
 

Ii resscrt nettemant que Bambey ne convient pas pour le MIRCEN, en 

fonction des pr~requis 6tablis. Le consultant devra faire des re

commandations 6ventuelles A l'ISRA, une fois que le contrat avec 

l'UNESCO sera paraph6. 

Apparemment, I'ISRA pourra assurer le financement compl~mentaire,
 

directement ou indirectement par des projets finances de l'ext6

rieur. Dans l'immrdiat, le MIRCEN a besoin d'une automobile, d'une
 

dactylographe et service de secretariat et d'une ligne t6l6pho
nique.
 

Diff~rentes opinions sont 6mises sur la relocalisation du MIRCEN.
 

II est bien entendu que le MIRCEN doit rester au sein du Ministre
 
de la Recherche scientifique et technique et que l'ISRA en sera
 

l'organisme h~te, ceci pour permettre l'acc~s aux projets finances
 

par 1'6tranger et pour assurer la r~gionalisation des activit~s en
 
\ 
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il est

Afrique de l'Ouest. L'INDR de Thins ne conviendrait pas car 


sous la tutelle de l'Enseignement Sup~rieur, les coOts de fonction

seraient trop 6levis A cause des d~placements et des commu
nement 


syst~me d'information et il faudra crier
nications, il n'y a pas de 

moyens
un programme de qicrobiologie. L'ENCR de Bambey manque de 


la marche des installations et aucur, 6quifinanciers pour assurer 

ne sly trouve, tout au plus on y trouverait des
 

pement valable 

locaux pour abriter le MIRCEN. L'ENSUT de l'Universit6 de Dakar
 

offre ce qu'il y a de mieux et complet pour toutes les activit6s du
 

d~ja on y monte un programme de microbiologie des sols et

MIRCEN; 


toutes les salles de travaux pratrouve
de biotechnologie; il s'y 
tiques bien 6quip~es, un syst~me complet de graphistes et de monta

un trs bon systeme de pr6parage pour publication de documents, 
2

tion documentaire pour la t~l6vision. De plus, I'ENSUT est 


r~am~nager des salles sp6cifiquement pour la recherche en microbio

logie. line rencontre compl~mentaire avec le directeur de I'ENSUT,
 

le Prof. P. VIAUD a permis de constater l'int~r~t
Prof. S. SECK, et 

Il existe d6ja une 6troite


de IWENSUJT pour recevoir le MIRCEN. 

collaboration entre 1'ORSTOM et I'ENSUT.
 

Ii est de mon opinion que 1'ENSUT serait l'endroit ideal pour 
loca

de l'A.O. au S~n~gal. Tout 1'quipement et les

liser le MIRCEN 


for
requis pour la conservation des souches microbiennes, pour la 


la d'informa
mation des chercheurs et l'entratnement, diffusion 


tions, la production d'inoculants. De plus, l'encadrement scienti-

Compte tenu que le MIRCEN doit


fique du MIRCEN serait assure. 

la Recherche scientifique et techni

rester au sein du Ministare de 

que, la localisation du MIRCEN A I'ENSUT demanderait la d~tachement
 

entente avec I'ENSUT. Ce

du responsable du MIRCEN de l'ISRA et une 


la meilleure solution a erivisager et que je pr~conise en serait 

premieV lieu.
 

Une deuxi~me solution est la localisation du MIRCEN au Centre de
 
Physiquement,
D6veloppement Horticole (CDH) de l'ISRA A Camb~r~ne. 


ce centre offre presque tout l'quipement majeur pour la microbio

petit 6quipement de laboratoire. Ce CDH

logie, A l'exception du 
est neuf et spacieux et offre certainement un grand potentiel pour 

sont
du Cependant, certains 6lments
le dsveloppemenmt MIRCEN. 

le volet


d~favorables au CDH pour abriter le MIRCEN, entre autres: 

pas possible avec
 

formation et entratnement de personnel n'est 

n'y a pas de logements A proximit6, pas de
 l'am~nagement actuel, il 


en commun. Ce dernier 6lment est
restauration et pas de transport 

donns que le responsable du
 

particuliirement un probl~me, Ltant 

1'ORSTOM et 1'ENSUT pour


MIRCEN aura A se d~placer pour aller vers 

une pourrait 6tre


l'encadrement scientifique. Cependant, entente 

le volet formation des activit~s du
 prise avec 1'ENSUT pour assurer 


et pour aider dans la preparation de materiel de diffusion

MIRCEN 
technique et de vulgarisation. C'est une deuxiome solution Z 

envisager.
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Dans un cas (MIRCEN A l'ENSUT) comme dans l'autre (MIRCEN au CDH 
avec collaboration de l'ENSUT), 
il va de soit que les volets fores
tier au CNRF et agricole A Bambey doivent 9tre assur~s par une col
laboration 6troite des institutions. L'avantage de la collabora
tion de I'ENSUT reside dans le 
fait que cette institution d~veloppe
 
un programme en 
microbiologie et en biotechnologie, notamment sur
 
le bio-gaz et les fermentations, ce qui encadre tres bien le MIRCEN
 
dans ses activit~s 
futures. Rappelons qu'une collaboration tres
 
Gtroite existe 
entre l'ORSTOM et l'ENSUT, et que le MIRSEN renfor
cera la collaboration entre l'ENSUT et 
I'ISRA et ce pour le b~n~fi
ce des deux parties et du peuple s~n~galais, puisque la th~orie et
 
la pratique scientifiques se marieront bien.
 

Le professeur P. VIAUD de 1'ENSUT a 
fait 6tat du programme de for
mation en Microbiologie (Protection des V~g~taux 
et Genie Sanitai
re), et de l'accord de cooperation avec l'ORSTOM, de m~me que
l'installation d'une unit6 microbiologique A 1'ENSUT. Le ssrieux 
de cette op6ration m~rite une attention particulihre en ce qui

regarde la localisation 
definitive du MIRCEN et la collaboration
 
quasi essentielle de 1'ENSUT.
 

Ii 
a 6tg discut6 bri~vement des deux propositions de recherche pour
 
soumettre National
A la Academy of Sciences (Washington), l'une en 
foresterie, l'autre en agriculture. Ces deux projets sont en phase
finale de preparation et seront soumis bient6t pour approbation

minist~rielle avant leur envoi A Washington. Le projet de la PNUE
 
sera pr~par6 en diff~rents volets, un sera
volet prspar§ par le
 
CNRA de Bambey avec la collaboration de Ibrahima N'DOYE
 
(MRST/DRAAI).
 

Une liste partielle de microbiologistes s~n~galais form6s ou en
 
-formationa pu itre constitute. Cette liste permettra de maintenir
 
des contacts plus 6troits en 
vue du d~veloppement de la microbiolo
gie au S~n~gal et en Afrique de l'Ouest. La liste est attach~e au
 
prssei.t rapport.
 

Pr~par6 par
 

Dr a AM. Bordeleau
 
ant UNESCO/NAS
 

8 3uin 1983
 



Mamadou GUEYE 


Mamadou ND'IAYE 


Ibrahima N'DOYE 


Abdrelaye DIACK 


Emanuel TINE 


Alioune DIAGNE 


Ousmane DIAGNE 


Bassirou SOUGOUFARA 


Pape Leopold SARR 


Henry DIARRA 


MICROBIOLOGISTE SENEGALAIS
 

Dr 3e cycle 


DEA 


DEA 


Ing. Agronome, avec 


Stage de Rhizobiologie
 
A Gembloux
 

Dr 3e cycle 


Dr 3e cycle 


DEA 


DEA (en pr~paration) 


Dr 3e cycle 


Agronome 


(Azolla-Sesbania)
 

ISRA, responsable du
 

MIRCEN, Bambey
 

ISRA, SR/Rhizo, CNRA,
 
Bambey
 

MRST/DRAAI, Dakar
 

Ch6meur
 

ENSUT, Dakar,
 
p~dologie, micro.
 

SODEP, agrop~dologie
 

ORSTOM, Bel Air, Dakar
 

ORSTOM, Bel Air, Eau et
 

Forest.
 

ISRA, Bambey, bio-gaz
 

ADRAO, Richard Toll.
 



APPRECIATION IlU RAPPORT DE STAGE DE TITULARISATION 
DE M (MUGUJEYE ISRA/CNRA-BABEY 

Aprbs lecture d'une copie manuscrite qul m'a dt6 remise, Je crois
 que 
ce rapport illustre bien le travail du candidat, au cours des mois d'essais,

dans ses responsabilitds envers le MIRCEN au sein de l'ISRA. Compte tenue des
difficult~s A mettre sur pied une nouvelle structure qu'cst le MIRCE do l'Afri
q ue de l'Ouest, le candidat a bien oeuvr6 entre le CNRA de Bambey et le labora
t oire de 1'ORSTOM A Dakar. II s'est bien acquitt6 do 
 sa premigre tAche qui dtalt
de mettre en plan une collects de cultures microbiennes, et d'un syst6me de fiches
 
techn.Lques de J a collection. 

D-- fond de chacun dOes trois sujets prdsentds dans ce rapport me semblelogique. Ii Wiest difficile d'apprdcier A sa juste valeur ce rapport de stage, carj e n'ai pas en main une copie finale. Mais a la lecture du texte prdsentd, J'en
conclus que le candidat d9montre une maturitd intellectuelle suffisante et une

h onndtet6 scientifique digne d'un professionnel de la recherche en microbiologie

1 1 se gagne ainsi le respect du milieu scientifique/ 

Bambey, le 30 Aodt 1983
 

Dr Lucien M. BORDELEAU 

Microbiologiste
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Rhizobium japonicum Serogroup and Hydrogenase Phenotype
 
Distribution in 12 States
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A survey was conducted in198( oil 972 isolates of /ti. oibimjalmith /illt t a ineLd rorn 65 so\ bean fieldlocations in 12 states. Isolates were examined f'or tilehydrogenase (l(tip) phenotlple and somatic serog'ottpidentity. Only 20'.' of the isolates \were Hup . \ith a lalitit'ofl I ltup isolates occtirring in 10 of tile12states. The most predominant scrog'Otp v\i,, 31 (215',follo v ed w 123 (13.61). Althotgh most serogroups conltained i nl tiorit HLp

serogroitp 135 w\ere tip, hut 931, 


of t1 isolates, marked dil'crences occurred, None of tileisolates in 
of (he isolates in serogroup 12" \\ere tlup . [he serogroulpi withrelatively high lrequencies of I-tip' isolates (122 and 110) ,:otstitnte only a small part (. 5Ki each)of the ?,

aponita.nflield population in the 12 states. 

te presence ol'an active hydrogen tuptake (fltip)sscin 
'hiohilm i/lOil Ifit 1111.Ibe des irtable chia tact r1stic 
in energy-ellicient. nitrogen-h\ing synhiosis \vithsoy-
is (Gl.vcit ta.r L. MerrI) (1. 16. 1. 25S).111979. a large 
cv of ?. japonibn isolates, fr-oml llatehich make8 s \ 
lie tIajor U.S. soybein prodtlCion ireai shovked thaI a
wirty ( .75'i) were lacking tileI (tip s\stem (1t. 
1980, a second Surl'CV \wias cotIdntted in those 12 states
h in the 1979 survey had lie highest peceiiage of 1up
tes. The purpose of tile second strve\ \as to conlfirn 
low percentage of llup isolates illthose state". t. 

Ogk:allV identify the isolates, arid to detertiiae i\ 
ziation between the 
ftip phenotyvpe and sCrogrotips of* 
poiticim. 'he [flip phenotype distribtltiot itlthe 1979 
1980 ,_ut'veys was reported elsev hetC (22): this paper

l,,,,ents the results of"the 1981 
,It-Ve\ tegirding set+ogrotip

distribtution and association between sCerogtotps anid thre 
hydrogenase phenotype. 

MATERIAILS AND METIO)S 
Nodule collection aind isolation of'R. japonicum. Int lie198(0

gro'ing season soylbean nodt les were collected randonl 
l'ron commerical fields at variotis locations vbcooperator'S 
in the l'ollowing states: Arkansas. )elaware. Kan--:lorit. 


sas, ILouisiana. Minnesota. Mississippi, Ne\\ Jersey. Nordh 
Catrolina. FPnnSylnili. SOLiIhICiolin, . id Sotlth"D;Ikotl~. 

The procedure tised for the isolation of R..Iaponii 
nodules is described elsewhere Q._)., total of' 972 isolates 
were obtained f'ron 323 nodtiles f'rtm 65 locationis in the 12wertat 
 3stales.
Hydrogenase determination. Single-colony isolates were 

selected, and free-living cultit-res were tested I'or hvdroge
nase activity as described hy [.im (17). These cloned isolates were sent 1o o,.r laboratory in Beltsvillc. Md ..f 'orserological
testing. 

Serogroup determination. Isolates \\ere g'own in yeast-
salts-mannitol broth (23) to idensity of' 10 to 10 cells per fil 
and heated at 100C For 30 min to destroy tile heat-labile 

Corresponding :itithor. 

flagellar antigens. Rabhiti anrisera prepared against 15 difler
cnt scrotype Straiins of I?.japoicm \were used in agglttin 
-

tion tests at a 1/100 linal concentlratiot. The short agglutiia
tion test (23) was perftbrtned, and each isolate was tested
 
against all alltiera.
 

RI'.SUITS
 

The oyerall f'req tencv olIR..jaltnii a serogtou ps aflp tie
 
percentage of 
 Hip' isolates witlhin each serogrotip are
 
sutimarized in Table 1. Serogrotips representing less than
 
1V; of tileisolates w,'re 
not listed. whereas the nine sero
groups listed inTable 1 accounted l'Or78.3/; of' tile 972 
isolates. The remainder were either :.urc,:ctie with any
antisCrurn (9.8';)or reactive with more than one antisertill. 
()nlv 20.1V of allisolates were 1]tip . Also. 1).8":i of'thetiodudle+ contained dilerent isolates Cpsentitgnore than
 
one serogrotip. and 9.3'; of' the nodules contained isolates
 
w\ithin the sate sCrogrotip btitwith difl'erent Hip pheno
types. Serogrotip 31 as recovered tile\ith highest f'requcii
cy. cotli ting ottly 11' tlip isolates. Sel'ogroLips 135 and 
122 had the tiost contrasting -tip, rcpresentatiol. 0 and 
92.,. respecix clv 

Fable 2 stininlari/es the occurrence \ state of' R jap ni
(,.'1 01rroups and resp.ctive tip phenotypCs. Serogrotip 
31 \\as predoiinant in five States (Arkansas. Delaware. 

1'lt.oinFlorida. Kainsa s. aid I.otiisiaaii id \was \well icprsen ted in 
txxo other states (North Carolina and Mississippi) Scro
&rotps 123. 76. and 46 \ere also \well represented in severalSOtith )akolta had i high occurrence of' isolates inserOgrotip 135. 

Of' tle 12 sttes surveyed. 10 contained R. .aponicum
isolates which were at least 751K -Itip .This result is similar 
to that of' the previous survey f'rom 28 states 122). The

comparatively lo\ percentage of' Hup isolates froni New 
Jersey nay b a reflection of' tie lo\w\nunbller 0if Iocalions 
:,nd nodules sampled (Tablih 2) or of' samiples taken from 
areas of' recent soybean plantings that were illOCulated with 
an inocuhitni containing Hup ' rhizobia.

Isolates belonging to serogrourn 31 occtirred with the 

613 

http:Receiv.ed


- -

- -

614 KEYSER. WEBER, AND URATSU 

TA13LE 1. Serogroup and hydrogenase phenotype frequencies ofR..Itptini m isolates in 1981) surve y 

Serogroup" No. ifiolates ol al 1;t ' 

31" 209 1II.21.5 0 
123 132 13.6 32.6 
76 99 10.2 21.2 
46" 84 8.6 9.5 
6" 74 7.6 12.2 

135 59 6.1 0.10 
94 49 5.0 20.4 

122 41 4.2 92.7 
110 15 1.5 40.0 
Unknown 95 9.8 0.3 

The number indicales the USI)A srain otfIc.Jaiotlipontaailst 

which antisermn Vas prepared. 


,Scrotypc strains 6. 46. and 31 are also refreiced as beionging in
 
the comiposite serogroups cl. c2. and c., respcctivelv (5). These 

serogroltps contain iny strains with sinlilr serological plopetlies. 

and in this paper we use the serolype train designation for tilese rogrot p. 

greatest frequency in this survey (Table 1). Previous suftrveys 
ot R. japonicum serlrOtlps iltlie United States also showed 
scrog'rottp 31 tolbe frequent in certain states 13. 5. 12). 
Selogroup 123 has been reported to be i major component of 
indigenous I?..aponiclut in Iowa, Illinois. ()hio. and Mitnne-
sota S. 11. 13. I 1.10 ,a data that i"11. our sho\ tis 
SC'ogrtotlp is f:idlld it thller Cgions its \ell. SCOgrouLp 76 
was the third mlost freunent, and its relatively high represen
tation in Mississippi. North Carolii. and Fhoda cordiris 
an earlier report of'its prevaletce in sotthestern states (31. 

AlthOugh IMostsCtogrotips contil ned it sall porlion 01f 
Hup' isolates. nonte o1 the isolates in sCrogrotip 135 were 
Hop . but 92.7' ol sctogroup 122 isolates were F- ulp. All 
USDA RIti.obiun ('ulttre ollect on st rains it serogroup"-, 
122 that have bccn tested (LSI.)A 122. USI)A 136. USI)A 
142. and USD.A 143) are also Ihip' (1,6. 14. 16. 17). 
Although the scroiOoup 122 ,ti'cvcy isolates arC undoubCdly"l 
a heteroge necOt st ITOp for tinmitmer Iay 0' lt ic robiol Igica 
and svtnbiotic characteristics. altost all sharo the HtpL 
ple notype. 
The existence of dill'rent Hup phetiotypc, itl mo4st sC-

groups is not surprising, as variation for se\elll characteris
tics v\ithin r is kntown (101. Vincent (24)a gi\eti sc'ogroup 

caritons against associattig sctrogrttp atlltlity wkitlt artW 
other propcrlty. tynv celationship bein., incoiplelesuch tino 
better than chanice . H-lowcCr. certain svtliot ic charactciris-
ties of R.japonicum strains do appear tolbe associated with 
certain serogroups. sutch ilstile inilrcctive N -lixing svlbio-
sis formed by strains itserogrttlp 122 anld Most strains iti the 
cl scrogroup \%ith G. imx cv. Hardee (2) iuld the ability OF 
strains inserogrotups 76 atd 94 itonodulatc the ij,ti I soybean 
genotypes (so-called "nonnodulating")1 (91. The cottlraslig 
frequencies of the Ihip' phenotypc iti SCrogr'ttpS 135 atid 
122 may indicate llassciat iOti betweeti these t'Vo chiaac-
teristics. but 11tore CXtern i\'eresearch nmay be needed toto 
conlirm this oibservation. 

Ilnfornmation provided by coopelratol-S ineach slate enalCdI 
us to identifv 75.2" of the isolates to the cultivar (16 
altogether) trloniw\hich they were obtained. Although tile 
soybean genotype is known to inltence scrogroup recovery 
in nodules 14). such a correlation was not possible in this 
survey itle to widel' I-However. i,varying representation. to 

particular serogroup-cultivar trend was seen, and G. mix cv. 
Williams. which occurs on more soybean acreage than any 
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other cultivar (7), yielded isolates from 11 diflrcrnil cro- nodilkition. ItIJIIhici 26:527-535. 
groups. 1). (ilm.on, A. I. W. I. I)udman, 14.W. Wiler, 1. C. Iforton, and 

The possession of ai hydroge nase lptake en / v1mc2in R. I. C. Anderson. 197). \'al ialion %% serogroip 123 of' Rhi/oithin l 
japottictin does increase the cliciency of N 2 fixalion, s\ ih a Soil. spec. sol.. p. 33-37.% aPlant biiini .ponioin. 
concomitant inci'ace in plait weight and nitrogen content 
11. 16. 25). Most of ihe I.h.opnh'cun populalion in field soils 
is Hlup , arid the serogroups with a rclAtivly high frteuen ) 
of Hp, iolites (122 at 11(0) make up oly a mmall pa t l 
that population. Rc~enlly. Mcrherg, and Maier (19) i epotled 
R. ,/tiponicuoi mu1tants. deriCtVed from1 1221)ES, a small-
colony isolate of USI)A 122. %\ith hdroenasc activit, 
higher than that of their patent cultures. If such Inlants can 
he shown at the fiel level to improvc N2 fixation, yield, or N 
content in sO ians. they w\oilldHe valuable as candidates 
for co1mme2rciil inloclla. 'hCir intlOduction and competitive 
estahlishinient would hie a \orths ile challenge for mnicroi-oh-
ologists studving thl ecology of R. ,apoothui' . 
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Fast-growing, acid-producing soybean rhizobia were examined to determine 

their biochemical relatedness to each other, to typic;l slow-growing Rhicoblutin 
japonicum strains, and to other fast-growing species o t.!izobitmn. Although both 
the fast- and ,low-growing soybean rhizobia were positive for catalase. urease. 

oxidase, nitrate reductase, and penicillinase, the fast-growing strains grouped 
with other fast-growing species of Rhi:o/itti in that they tolerated 2% NaCI, were 
capable of growth at pH 9.5, utilized a large variety of carbohydrates (notably 
disaccharides), and produced serum zones in litmus milk. In addition, these fast

growing strains were similar to other fast-growing species of Rltizobiutn in that 

they produced appreciable levels of P-galactosidase and nicotinamide adenine 
dinucleotide phosphate-linked 6-phosphogluconate dehydrogenase but had no 
detectable hydrogenase activity. The fast-growing soybean rhizobia share symbi
otic host specificity with Brad rhizobium japonicuni, but appear to be related 
biochemically to the other fast-growing species of Rhizobium. 

Members of the genus Rhizobium are symbi-
otic nitrogen-fixing bacteria which are able to 
invade and form nodules on the roots of legumi-
nous plants. The species in this genus have been 
divided into two groups (17, 35) on the basis of 
growth rate and effect on the pH of yeast ex-
tract-mannitol (YEM) medium under standard 
laboratory conditions. The fast-growing rhizobia 
have mean generation times of 2 to 4 h and 
produce a net decrease in the pH of YEM 
culture medium, whereas the rhizobia referredto a slwhvegowigman eneatin tmes 
to as slow growing have mean generation times 

of 6 h and longer and do not lower the pH of this 
medium (35). 

In the past, the typical slow growers that form 
nodules on the roots of soybeans (Glycine max) 
have been referred to as Rhizobiun japonicumi 
(17). Recently, these rhizobia have been classi-
fled in u new genus, Bradyr/tizobium, on the 

basis of their slow growth rate and other charac-

teristics (16) to distingjh them from the fast-

growing, .cid-producing root nodule bacteria 
which now comprise the genus Rhizobium 15). 

R;.cently, Keyser et al. (20) reported the isola-
ion of fast-growing soybean rhizobia from root 
nodules and soil collected in the provinces of 
Shansi, Honan, Shandong, and Shanghai, Peo-
pies' Republic of China (PRC). These isolates 
reportedly (20) have mean doubling times of 2 to 

4 h and lower the p1-i of YENI culture medium 

(final pH range, 4.7 to 6.7). All strains tested 
were reported to form effective nitrogen-fixing 
nodules on wild perennial soybeans (Givint soja) 
and on an unbred soybean cultivar from the PRC 

(G. max cv. Peking), but turmed ineffective 
symbioses with most commercial soybean culti. 
vats (20). In this study we used a series of 
diagnostic tests to examine the fast-growing, 
acid-producing PRC isolates for their related
ness to each other, to typical slow-growing R. 
japonicttm strains, and to other fast-growing 
rhizobia. 

MATERIALS AND METHODS 

Bacterial strains and growth conditions. Fast-grow
ing soybean Rhizobium strains USDA 191. USDA 192. 
USDA 193, USDA 194, USDA 201. USDA 205, 
USDA 206, USDA 208, USDA 214, USDA 217, and 
USDA 257 were isolated from soil or nodules collected 
in the PRC (20). Slow-growing soybean rhizobium 
strains PRC 005, PRC 74, PRC 113-2, PRC 121-6. PRC 
2031. and PRC BI, were obtained from T. S. Hu. 
Institute of Soils and Fertilizers, Chinese Academy of 
Agricultural Sciences. Beijing, PRC. Bradyr/izobiun 
japonictuo strains USDA 6. USDA 31, USDA 4. 
USDA 74, USDA 94. USDA 110, USDA 122. USDA 
123. USDA 136. USDA 138, USDA 142. and YI. Yla. 
Y2, Y2a, Y3. K2, K2a. SI, and Slat, were from the 
United States Delpartment of Agriculture Culture Col
tection, Beitsville. Md. Rhizobiuto hpini CC814s and 
NZP 2037, Rhizohimn leRguninosarun Nitragin 92A3, 
Rhizobiium phaseoli NZP 5097. and Rhizobitn trif 4ii 
NZP 560 were obtained from R. M. Greenwood. De
pariment of Scientific and IndustrialResearch. ilm

erston North. New Zealand. R. legioninoxaruun HI 5-0 
,,as iso ,wted in Hawaii (30)1. R. lgiuminosaruon
6015(pJB5Jl) wits obtained from P. Hirsch. Max' 
Planck In.,titut, K6ln, Federal Republic of Germany. 
R.phascoli li[7.1 was obtained from E. L,Schmidt. 
University of Minnesota, Minneapolis: Rhi.obiu'n sp. 
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strain Tal-82 (which nodulates Leucacna) was ob-

lained from the Niftal Project. Paia, Hawaii: and 
nodulatesRhobium sp. strain UMKL 19 (which 

Leucaena) from W. J. Broughton, Max Planck Insti-

tut, K6ln. Federal Republic of Germany. Agrobacter-
iott tsnefaciens 79 and 101 and R/iizobimti sp. strain 

USDA 3F4a4 (which nodulates Seshana) were froni 

the U.S. Department of Agriculture, Beltsville. Md. 

All Rhtizobiuon cultures were maintained on YEM agar 
agar slants used for maintenance ofslants (34). The 


CaCOl. Agro-
fast-growing rhizobia contained 0.05% 
hacterin cultures were maintained on nutrient agar 

slants. All culture% were incubated at 28 to 30'C, 

stored at 4°C. and subcultured at least once every 

month. 
Staining, morpholgy, and cultural characteristics. 

for cell morphologKy andCultures were examined 
Gram reaction after 3 days of growth in YEM liquid 

medium. Colony morphology was examined by using 

cultures that were grown for 6 days on YEM agar 

containing 0.25 mg of bromthymol blue per liter. 

Motility was estimated from both YEM liquid and 

YEM agar cultures and in 115 medium (9). Isolates 

were identified by using strain-specific fluorescent 

et al.
antibodies prepared by the method of Schmidt 

(32). 
to pH extremes wasBiochemical tests. Tolerance 

determined by inoculating 10 
7 cells per ml from expo-

nentially growing YEM liquid cultures into tubes con-

taining 10-ml portions of YEM liquid media which 

were adjusted to pH 4.5, 9.0. and 9.5. The tubes were 

incubated at 30'C for 14 days and scored for growth. 

Tests were performed in triplicate, 
Tolerance to sodium chloride was determined on 

YEM agar plates containing 2.0% NaCI. The plates 

were inoculated with 10" cclls, and the growth was 

scored after 14 days at 30'C. Tests were done in 

triplicate. 
For growth reactions in litmus milk (Difco Labora-

tories. Detroit, Mich.). tubes (10 ml/tube) were incu-

bated in quadruplicate for 6 weeks at 30'C and exam-

ined for pH changes, reduction of litmus, and 

peptonization (serum zone formation). 
Production of 3-ketolactose was determined by the 

method of Bemaerts and De Ley (1). A. tuntefaciens 
was used as a positive control for this lest. 

T"o examine gelatinase activity, exponential-phase 

cultures from YEM liquid medium were swabbed onto 

the surfaces of tryptone-yeast extract agar plates (12) 
The platescontaining 0.4% (wtlvol) gelatin (Difco). 

were incubated at 28'C for 7 days. A positive reaction 

was indicated by a clearing zone surrounding the 

growth of the organism. 
The pH reactions of isolates on agar plates were 

determined by using YEM medium containing 0.25 mg 

of bromthymol blue per liter. 
Urease activity was determined on urea agar slants 

(4) that were incubated for 7 days tit 28"C. 
Citrate utilization was determined on the solid mcdi-

um of Koser (22). Plates were inoculated with 10' 

cells, incubated at 300C for 14 days, and examined for 

growth. 
by thePenicillinase (t-lactanase) was detected 

method of Foley and Perret (6). 
Oxidase was determined by using the method of 

Kovaks (23): catalase was determined by the method 
of Gnhant and Parker (11). 
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Hydrogen sulfide production was determined oi 
agar slants (13). The slants were inoculated and exam-

Ined for H2 S after incubation for 14 days at 28'C. 

Nitrate reduction was tested us de.Ncribed in the 

Manual of Methods for General Bacteriolagy (33) by 

using the medium of Graham and Parker (11). 
For carbohydrate utilizatin tests, tie basal niedium 

was that of Bishop et al. (21; different carbohyused 
drates were substituted for nannilol, and KNO., (0.6 

gliter) was used as the nitrogen source. The medium 

was solidified with purified agar (Difco). All carhohy

drates except dextrin and starch were lilt' r sic:iliied 

(pore size, 0.4 [tm; Nuclepor. Colp., Plecasanton. 

Calif.) before they were added to cooled, melted agar 
to the mCdimedium. Dextrin and starch were added 

ouio before it was sterilized at 1(X)C for 15 amin. Each 

carbohydrate was added to a fin:l conccntr;ation al'
 

1.0% (wt/vol). Inocula were prepared by removing
 

cells from YEM agar slants with a cotton swab and 

suspending the cells to a density ofapproximiately 1(1' 

cells per nil in sterile distilled water. A 10-fold dilution 

of each cell suspension was added to the wells of' a 

multiple inocul;itor plate (18) and inoculated onto tie 

surfaces of carbohydrate-containing agar plates. Bish

op agar plates without carbohydrate served as con

trols. Duplicate plates of each carbohydrate were 

28°C for 7 days and scoed for giowth.incubated at 
Enzyme assays. 6.Phosphogluconate dehydrogenase 

(6 PGD) activity was determined in cultures that were 

grown for 72 h at 26"C in yeast extract-glucose medium 

(19). The cultures were centrifuged at 6.(YJ x g for 10 

min at 4"C, and the cells were washed twice in 0.05 M. 
The cell pelletssodium phosphate buffer (pH 7.4). 

were suspended in the samt: buffer containing 2 x 10-

M 2-mercaptoethanol (27) to a final concentration of 

1.0 g (wet weight) of cells per 1.5 ml of buffer and then 
French pressuredisrupted by two passages through a 

cell at 15,000 16 lb/in2 . The cell debris was removed by 
g for 30 min at 4°C. Thecentrifugation at 14,000 x 

clear supernatant was stored at -20'C until it was 

used. The activity of nicotinamide adenine dinucleo

tide phosphate (NADP)-linked 6PGD (EC 1.1.1.431 

was measured by following the reduction of NADIP. 

using the method of Martinez-de t)rets and Arias (28). 

The apparent endogenous enzyme activity was sub

tracted from the results. Specific activities were cx
pressed as nanomoles of reduced NADP formed per 

minute per milligram of protein at 25°C. Protein was 

determined by the method of Loowry et al. (26), using 

bovine serum albumin as the standard. 
fl-Galaclosidae activity was determined in cultures 

26('C in tryptone-yeastthat were grown for 3 day'i at 
extract medium containing 0.5% (wl/vol) laclose. The 

cells were centrifuged and washed as described above 

and then suspended in 0.05 M sodium phosphate buffer 

(pH 7.2) to a final concentration of' 1.0 g (wet weight) 

per 3.0 ml of buffer nnd broken by passage through a 

French pressure cell at 15.000 I/in:. The cell debris 

was removed as described above, and the supernatant 

fractions were stored it -20'C until they were used. 

Enzyme activity was measured by following the ap

pe.rance of ci-nitroplhenol at 420 nt. The incubation 

mixture (4.8 ml) contained 2.7 ml of enzyme reaction 

buffer (0.1 M sodium phosphate butkcr IpH 7.01. 10 3 

M MgSO4 "7H.O, 2 x (i M MnSO 4. 1(105 i 2

mercaptoethianol). 1.8 il of tn ,nitrophcnyl-lti
galactopyranoside solution tt.I NI sodilit phosph ate 
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buffer Ipll 7.0]. 1.3 x 10 : M o-nifiopenyl-li-. strain-specific fluorescent antibodies and flr ef. 
galactopyranoside [Sigm'a Chemical Co, St. Louis, fectiveness on soybeans (G. ma." c,. Peking).
Mo.j), and 0.3iml of cell-free extraCt. Lnzyme assays These variants were found o be identical Io tile 
were carried out at 37°C. and [Ile rCactions were 
stopped by adding 1.3 nil of reaction stop buffer (8.0 NI parental strains. 
urea, 1.0 N Na2CO, pli 12.0). Enzyme activilies were (ro,,,,lh responses. Both fast- aind slow-grow. 
expressed as micromol,:s of o-nilrophenol produced ing soybean rhizobia were examined for' lhe 
per minute per milligr.mt of protein at 37'. Correc- ahili y to grow in tie presence of 2.07c NaCI a'nd 
(ions were made for absorbance values obtained in at pll extremes of4.5 and 9.5. As Table I shows,
controls without substrate, the flast growers w2re uniformly sensitive to the 

Hydrogen evolution and the hydrogenase (hydrogen low pi I and tolerant of the high pit, whereas tlhe 
uptake) activities fal-growing wic was tnd sbow Theof the strains ic vere,,c I'o"' for the growers.
measured in the bacteroid stale is described hy slok growers grew poorly at pll 9.0 and not t11 
Keyser et il. (21). Soybean plants (G. mw.i cv. Peking) all at pff 9.5. whereas the Fast glowers grew well 
were inoculated with cultures of rhizohia in leonard 
jar containers (24) and grown in a plant growth chatr,- 1t 9.5. the growers1it Con versel)y, slow grew\

1her. Plant root nodules were harvested after 28 das,. \%ell ;it p l 4.5. whereas the fast growers did not 
All treatments were sampled during peak nitrogenaise grow at this pi. The fast- and slos-urowiing
activity (range 19 to 32 miol of C211. reduced per g rlizi,i also demonstrated a clear dill'CretIC in
Ifresh weight) or nodules pcr h) Hydrogen evolution toleiancC to 2 4 NaCI. Althotugh all of the fasl
was expressed as micromoles of H, evolved per grain gros%ing isolates examined were able to grow in 
(fresh weight) of nodules per hour. Hydrogena:se activ the presence of this salt, there was vtriation 
ity was expressed as micromoles of H- oxidized per among le strains in the e tentofgrowth. A few 
gram (fresh weight) of nodules per hour. strains (USDA 193, US A 194 U A 201. and 

US)A 257) produced a confluent lawn olgrowlthRESULTS on tie nedium. whereas others (USI)A 191. 

Morphological and cultural characteristics. USDA 192. USDA 205. USDA 206. LS).\
 
Both the fast- and slow-growing soybean rhizo
bia were gram-negative, nonsporeforming, rod
shaped bacteria. The cells from late-log-phase to TAB.E I. Iliochelnical characteristics of fast- and 
stationary-phase YEM cultures of fast growers slow-growing soybean rhizobia 
tended to become enlarged and exhibited %of isotiitcN. ivinl cositise 
marked pleomorphism. Only I to 5%of the cells ra .'in"
 
of the fast-growing soybean rhizobia were motile Chauige.ristics 
 F.i..... 
in young (1- to 2-day-old) YEM cultures, where- rhizobtia rihiwohia 
as 80 to 90 of the slow-growing rhizobia were Catalase production 100 1l11 
motile. However, when the organisms were Oxidase production 100 t0() 
grown on a moist B5 agar medium surface (9). a Urease production I100 110X 
greater percentage (up to 25%) of the fast- Penicillinase production 71 It(1
growing soybean rhizobia were motile. On YEM Nitrate reduction Itt) lti) 
agar plates containing bromthymol blue, both 3-Ketolactose prtduclionh' 0 0 
fast- and slow-growing rhizobia formed circular, Cl:S prodLiction' 0 0 
convex, colonies. After 6 to 7 days, the colonies CilrateGelariinaseupilizationhproduction (10 tl t)lt0 
of the fast growers were between 1.0 and 5.0 mm 2% NaCI tolerance' 0 IM0 
in diameter and produced acid reactions, where- pll 4.5 tolerance" l00 0 
as the colonies of the slow growers were approx- pit 9.0 toterance' t IM0 
imately 0.5 to 1.0 mm in diameter and produced pit 9.5 tolerance' 0 1(,1
alkaline reactions. In contrast to a large number 
of other fast-growing rhizobia, the fast-growing growing sthainwsRC Wd5.PRC 113-2, PRC' 2l-i 
soybean strains did not a produce much extra- PRC 2131. PRC I315. USI)A II0. and LS)A ON(s)nd 
cellular polysaccharide on YEM agar. Two of eight fast-growing strains (USI)A 192. LISI)A 143. 
the strains (USDA 191 and USDA 192) produced USI)A 194. USDA 201. USDA 205. LISDA 2kl, 
watery colonies. Upon repeated restreaking. USDA 208. and USDA 214) of soybean rhi/obia %%er 
some of the fast growers produced asecond type e\mrnined. 
of colonies which were somewhat smaller than 1'These tests also included fast-gro,,itig soybe-ati 
the colonies produced by the parent cultures. rhizobium strains USDA 191. USDA 217, mid LIND.\ 
These colonial variants were not always stable. 257. 

S1Fsi-growing soybean rhizobiuni sinttSI..\Several of the variants tha! did appear to be 191. USDA 192. USDA 193. USDA 194. LISDA 201.stable were isolated from seven strains of fast USDA -05. USDA 206. USDA 2118.LtSDA..14, 
growers (USDA 191, USDA 192. USDA 193, USDA 217. and USDA 257 and slow-growing soslvan 
USDA 208, USDA 214, USDA 217, and USDA rhizobitin strains USI)A 34, LISDA Iitt. t'St).A 122,
257) and tested for serological afinity by using and LISt)A 138 were examined. 
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208, USDA 214, USDA 217) yielded individually 
tolerant colonies. In contrast, none of the slow-

growing R. japonicumn strains grew in 2% NaCI. 
Biochemical attributes. Table I shows that 

both the fast- and slow-growing rhizobia were 
catalase, oxidase, and urease positive. All of the 
strains examined except slow-growing strains 

PRC 2031 and PRC BI5 produced p'nicillinase, 
and all strains reduced nitrate. None of the 
strains produced 3-ketolactose from lactose, 
produced hydrogen sulfide, or utilized citrate as 

a sole source of carbon. 
The two groups exhibited a marked difference 

in gelatinase activity. The fast-growing soybean 
a clearing zone on tryptone-strains produced 

yeast extract-gelatin agar, whereas the slow 
growers were negative for gelatinase activity. 
No gelatinase activity was detected in R. legu-

ininosarunHI 5-0, R. legurinosarutn92A3, R. 
phaseoliBe17.1,R. trifoiiNZP560,orRhizobi-

urn spp. strains USDA 3F4a4 and UMKL 19 
(which nodulate Sesbania and Leucaena, re
; )ectively) (data not shown). However, a strain 
which nodulates Leucaena, strain Tal-82, was 
positive for gelatinase activity, 

The litmus milk reactions of the fast- and 
slow-growing rhizobia were quite varied. With 
the exception of strain PRC 121-6, the slow-
growing soybean rhizobia (strains USDA 6, 
USDA 31, USDA 34, USDA 74, USDA 94, 
USDA 110, USDA 122, USDA 123, USDA 136, 
USDA 138, USDA 142, Y1, Yla, Y2, Y2a, Y3, 
K2, K2a, S1, and Sla) exhibited no peptoniza-
tion (serum zone 'formation) but did exhibit 
alkaline pH changes. The fast growers gave a 
variety of litmus nilk reactions; these included 
acid (strains USDA 191, USDA 192, USDA 214, 
and USDA 257) and alkaline (strains USDA 193, 
USDA 194, and USDA 201) pH changes accom-
panied by peptonization, an alkaline pH chaage 
with a lack of peptonization (strain USDA 2(8), 
and no pH change with peptonization (str.,ins 
USDA 205, USDA 206, and USDA 217). The 
fast-growing rhizobia tended to reduce litmus 
(strains USDA 191, USDA 192, USDA 194, 
USDA 201, USDA 214, USDA 217, and USDA 
257), whereas the slow growers did not. Two 
fast-growing strains from the PRC, strains 
USDA 193 and USDA 206, peptonized litmus 
milk only weakly. The other fast-growing rhizo-
bia examined, R. phaseoli Bel 7.1, R. phaseoli 
NZP 5097, and R. leguminosaruin 92A3 and 
6015(pJB5JI), all peptonized litmus milk, had 
neutral pH reactions, and were variable for 
litmus reduction (data not shown).Carbohydrate utilization. Our carbohydrate 

utilization tests (Table 2) showed that the fast 
growers utilized a greater assortment of carbo-
hydrates than the slow growers. All of the 
organisms examined utilized L-arabinose, D-

TABLE 2. Carbohydrate utilization by fast- and 
slow-growing soybean rhizobia 

%or isoihtc. 
showing growth' 

Carbohydrztcs Slow. FNt
growing growing 
rhitohiin rtizohla 

L-Arbinose. o-fructose, o- 100 100 
galactose, D-glUCoSC, 0
mannitol, D-mannose, t
rhamnose, D-xylose 

Cellobiose. i-inositol, lactose. tI 1 M 
maltose, ratfinose, i)-glucitol.sucrose. trehalose
 

D extr alo s t
 
galactiol. i. starch 0 

" Eight slow-growing strains (USI)A 110. USI)A 
123, USDA 136, 'tiC 005. PRC 113-2. l'RC 121-6. 
PRC 2031. and PRC 1315) and ten fast-growing strains 
(USDA 191, USDA 192. USDA 193. USDA 194. 

205. USDA 206. USDA 208.USDA 201, USDA 
USDA 214. and USDA 217) of soybean rhizobia were 
examined. 

fructose, D-galactose, D-glucose, D-mannitol. o
mannose, L-rhamnose, and D-Kylose. Although 
the fast-growing soybean rhizobia were capable 
of utilizing arabinose, they grew more slowly on 
this carbon source than the slow growers. Only 
the fast-growing soybean rhizobia utilized cello
biose, i-inositol, lactose, maltose, raffinose, D
glucitol, sucrose, and trehalose. None of the 
organisms examined utilize-d dextrin, galactitol. 
inulin, or starch as a sole source of carbon for 
growth. 

NADP-linked 6PGD activity. Table 3 shows 
that NADP-linked 6PGD activity was detected 
only in the fast-growing rhizobia. The fast-grow
ing soybean rhizobia had NADP-linked 6PGD 
activities that ranged from 50 to I[1 nmol of 
NADP reduced per min per ng of protein. No 
activity was detected in the nine typical slow
growing R. japonicum strains examined. Tile 
five other fast-growing rhizobia examined (R. 
leguininosaruim 92A3. R. uipini NZP 2037, R. 
trifolii NZP 560, Rhizobiut sp. strain Tal-82 and 
Rhizobiurn sp. strain USDA 3F4a4) had similar
ly high specific activities, ranging from 26 to 156 
nmol of NADP reduced per min per mg 
protein. 

Il-Galactosldase activity. Table 3 shows that 
only the fast-growing rhizobia had appreciable 
levels of P-galactosidase activity. In general, the 
fast-growing soybean rhizobia had P-galacto
sidase activities 55 times greater than the slow 
growers. These levels were :omparable to the 

levels found in the other fast-growing rhizobia 
examined (R. leguininosartufi 92A3. R. phuse'oli 
Bel 7.1, R. trifilii NZP 560. and Rhi.obiiur sp. 

strain Tal-82) (data not shown). 
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TABLE 3. Enzyme activities of fat- and slow-
growing soybean rhizobia 

Enzyme activities 

Strain 

IGW-Galacto- Ifydrog- III cvo6 


e
6PGD sidai enasc' lhtion4
Swrn-


Slow-growing 
USDA 31 <0.5 

USDA 110 <0.5 
USDA 122 
USDA 123 <0.5 
USDA 136 <0.5 
USDA 138 <0.5 
PRC W5 <0.5 
PRC 113-2 <0.5 
PRC 121-6 <0.5 
PRC i <0.5 
rhizobia 

USDA 191 9/ 

7.1 

3.8 
2.5 0 

3.0 
7.6 
3.4 
4.2 
3.3 
4.8 
4.8 

0 7.3 
USDA 192 181 459 0 11.4 
USDA 193 140 183 
USDA 194 126 101 0 8.6 
USDA 201 50 345 0 7.6 
USDA 205 159 097 8.4
USDA 206 59 261 0 7.6 
USDA 208 147 383 0 7.6
USDA 214 160 245 0 7.5 
USDA 217 0 9.1 

Expressed as nanomoles of reduced NADP pro-
duced per minute per milligram of protein, 

b Expr-ssed as micromoles of o-niroplienol pro-
duced per minute per milligram of protein,

Expressed as micromoles of H2 oxidized per gramnt 
(fresh weight) of nodules per hour. 
' Expressed as micromoles of H2 evolved per gram

(fresh weight) of nodules per hour. One slow-growing
strain, USDA 122, was included for comparison, 

Hydrogenase activity. Table 3 shows that none 
of the fast growers in tilebacteroid state had 
detectable hydrogenase activity, whereas the 
one slow grower examined, strain USDA 122,
expressed this enzyme. Conversely, slow-grow-
ing strain B. japonicwm USDA 122 did not 
evolve H,, whereas the fast growers had H,
evolution levels that ranged from 7.3 to 11.3 
tmol of H, evolved per g (fresh weight) of 

nodules per h. 

DISCUSSION 
Several diagnostic tests were performed to 

compare the fast- and slow-growing soybean 
rhizobia. Our results clearly indicate that the 
fast growers are quite different biochemically 
from the slow growers. Although the fast grow-
ers share host specificity with the slow growers
(both nodulate soybeans, as well as other hosts 
[20]), they appear to be most similar to the fast-

IN:. I. SSr I.II l.,(0.. 

some chariceriSlis :cs are shared bet ween the Iwo 
groups of organisns. 

All of the fist- and slow-growing soybean 
rhizobia examine(! were positive for catalase, 

oxidase, urease, penicillinase, and nitrate reduclase. Both groups were unable to utilize citrate 
as a sole source of carbon, to produce 14,S, or to 
produce 3-ketolactose. Graham and [arker (I I)
found that most of tie R. japonicum strains 
which they tested also possessed several of 
thcc altributes. These authors reported Ihat tile 
production of II'S and the utilization of citrate 
were restricted to some isolates of Rhi.obohom,
inchloti. lcrnatcrs and De Ley (I) found that the 
production of 3-ketolaclose from lactose is limit
ed to species of Agrohactcriu,i, a genus that is 
closely related to Rhizobiim. It is interesting 
that Graham and Parker (1) found that the 
production of penicillinase seemed to be restrict
ed mainly to the slow-growing rhizobia. R. ia
ponicttm, R. hpini, and Rhizobiuni spp. of the 
cowpea miscellany group. However, these au
thors indicated that some R. leitminosartmn 
strains also possess this attribute. 

The results of the p1l and salt tolerance tests 

place the fast-growing soybean rhizobia with 
other fast-growing rhizobia. Previous studies of
 
rhizobia (3,8, 11, 31) in pure culture and in soil

have shown that the fast growers are relatively
 
more alkali tolerant and acid sensitive than the
 
slow growers. Also, Graham and Parker (11)

have shown that among the rhizobia, tolerance:
 

2% NaCI is restricted to tht fast-growing
 
to 2
 
species R. uietiloti. In addition, the responses of
 
the fast-growing soybean rhizobia in litmus milk
 
were typical of the fas!-growing Rhiobium spe
cies (e.g., R. trifhiii, R. h'guinnJ.rrunt,and R.
 
neliloti) (7, II).


Graham and Parker (11) and Fred et al. (7)
 
showed that the fast-growing rhizobia tend to
 
use a wider vaiety of carbohydrates than the
 
slow growers. This is shown clearly in Table 2;

the fast growers used the majority of the carbo
hydrates examined, and the slow growers used
 
relatively few. It is interesting that the types of
 
carbohydrates utilized also vary among the soy
bean rhizobia. As pointed out by Glenn and 
Dilworth (10). slow-growing rhizobia tend to 
lack both uptake systems and catabolic enzymes
for disaccharides. Our results are in agreement
with the results of these atthors in that the 
disaccharides cellobiose, lactose, naltose. tre
halose, and sucrose and the trisacehuride raffi
nose were metabolized by fast-growing strains 
but not by slow-growing rhizobia. Table 3 shows 
that only the fast-growing soybean rhizobia have 
apprcciable [-galactosidase activities similar to 
tie activities ofthe other fast growers examined 

growing Rhizobium species in their microbiolog- (data aot shown).

ical and biochemical characteristics. However, Consistent with the division of the rhizobia
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into fast- and slow-growing groups on the basis 
of carbohydrate u'.ilizalion is the division of 

these organisms based on the presence and 
absence or enzymes of ihe pentose phosphate 
pathway. As pointed out by Martinz-de Drets 

and Arias ('T, 29), although both fast- and slow-

g:owing rhizobia have nicotinamide adenine di-
nuc'eotide-linked 6PGD activity, only the fast 
growers have NADP-linked 6PGD activity. Tb-

hle 3 shows that the Fast-growing soybean rhizr-

hia have levels of NADthinked 6PGD activity 
that aire comparable to the levels of the other 

fast-growing rhizobia. Trhese results are consist-

ent with those of Martinez-d [)rets and Alias 

(. 28) and Keele et al. (19). 
The hydrogenase activities of the fast-growing 

soybean rhizobia (Table 3)are similar to those of 

other fast-growing species of Rhizobitim. which 

reportedly have low bacteroid hydrogenase ac-
livities (5). Furthermore, the hydrogenase activ-
ities of culture-grown fast-growing !,oybean rhi-
zobia (strains USDA 192, USDA 193, USDA 
194, USDA 201, USDA 205, and USDA 206) 
were also found to be very low by the tritium 
exchange assay of Lim (25; S. Uratsu, personal 

communication). 
In summary, although the fast-grovsing soy-

bean rhizobia share symbiotic host specificity 
with the typical slow growers, they appear more 
closely related, on biochemical bases, to other 

fast-growing rhizobia. In a series of papers (14), 
Ishizawa noted the occurrence of fast-growing 
rhizobia in soybean nodules. We examined one 
of the isolates of Ishizawa, which was provided 
by 	D. C. Jordan. We found (data not shown) 
that although this isolate i-, somewhat faster 
growing than typical slow-growing soybean bac-
teria, it does not acidify YEM medium and is not 

at all serologically related to the fast-giowing 
isolates from the PRC. The slow-growing soy-
bean rhizobia are now classified as Bradyrhizo-
bium japonicum (16). Several of the diagtiostic 
tests that were used to describe the fast-growing 
soybean rhizobia indicated that these newly 
described organisms do not fit into the genus 

the taxonomic po s 
Bradyrhizobiu1.
tion of these isolates must logically be in the new 
genus Rhizobiunt sensu stricto (15). 
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