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INTRODUCTION

1 = Nitrogen cycla (Fig. 1)

Leguminous crops Play an important rgle =as a supplier of pgotein for
third world people. In many casas, SOils lack available nitrogsn which is a major
limiting fector for plant growth and yield.

However, plants gan not Fix the fraeg air nitrogen without tho help
of effective HRhizobia in tho root systems nodulss (1). Nitrogen issuud from
Plant residues or animal wastes (2) is minpralized (3) bofore its assimilation
by plants under NHJ or ND; form (4). In natural conditions, plant growth dapons
on microbial agtivi tias in the soil. Even through there is a heavy dressing of
fertilizer from industriel fixation (5), soil microorganisms contributu ta in-
crease amount of nitrogon assimilated by plants.

Soil NH' and NOJ content intervane in four process

4 3
i) Ammoniaand nitrate production : ammonia production (3) is a stage of

ths mineralization. Different hetcrotrophic microorganisms contribute at its
prodaction.H owever, specific autotrophic bactoria produco the nitratc (6).
NHS t 3/2 02 YN0y + 2H" + H,0 (Nitrosomonas)
NDz‘ + ‘]/2 02 -———} NU;‘ (Ni trobacter)
4

ii) The reorganizaticon (7) : Use of tho mineral nitrogen NHQ by hetero-

trophic bacteria for their proteinic synthesis.

iii) The colloidal solution of tho cley-humus complex play an important rol-

in tha ammonia absorption (8) and the chomical fixation (9).
iv) The nitrogen wastes by volatilization (10), lixiviation in sgil (11)
and chemical or biological deni trification (12).

2 - Biological ni  trogen Fixation

plants of lgguminous and actinorhizal crops fix the frae air nitrc-
gen modiated by _Rhizobia. This process is callod Biclogical Nitrogon Fixation
(BNF) i housed in plant nodules, Rhizobia obtain food and energy from their
host ; Rhizobia in turn, Ffix atmosphsric nitrogon which is thon metabolizad
by tho plant host.

It is wocll astablished that the nodule is a structure iesued from th-
prolifaration of cortical root cylls infected by Rhizobig. Insids the nodule, tr
bacteroidg are cnclosud within membranc envelopes and are tho site of nitrogon
fixation.

Nitrogen fixation is an anaerobic process and tho leghasemoglobin rogu-
lates the oxygen. According to following diagram (Fig. 2), nitrogenaso is the
enzyme which mediates thc reduction of Ny to NH)" This enzyme is made up of tuc
components : 0One with both iron (Fi1z) and molybdenum (Mo) and the second with irin
(Fe) only. The first stabls product in BNF is ammonia. The ammonium ion NHZ: pro-
cod is assimilated through GS-GOGAT (Glutamine Synthatase-Clutamate synthotasc)

pathway for aminoacids and proteins synthesis.
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Therefore, BNF pormits plant growth without having recoursz to oxe-
pensive chemical fartilizers. 1 tis e trug nitrogen econumy. This explains why
many countrics, uspucially the duveloping countries, make an effeort for promo-
ting and improving BNF by culturing Rhizobia in laboratories and producing

Ahizobivm inoculants.
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v - Rhizobium strain selection

The first step in legume inoculant manufacture is to obtain effec-
tive nitrogen tTixing strains of Rhizobia for the legumes to be inoculated.

The attributes neesded in an inoculant strain are :

(i) the ability to form nitrogen fixdng nadules on thke host for which it is
recommended,

(ii) the high compatitiveness in nodules formation and

(iii) the survival and the multiplication of Rhizobia in soil (DATE, 19776).

1

.1 = Nitrogen fixing nodules formation

The effectiweness of a Rhizobium strain is jits ability tc Tfix nitro-
gen within the nodules. Jhe effoctiveness is influenced by intrinsic factors
(variatiomswithin a cross inoculation group) and extrinsic factots (environ-
mental conditions : pH, varying soil types, soil nitrogen level, interactions
with indigenous so0il microorganisme}.

1.2 - Competitiveness of PBhizobia in nodule formation

An important characteristic in strain Rhizobium selectign is the
ability of a strain toc successfully ccmpete for nodule formation uwith the native
rhirobial population which is generally less affective.

1.3 =« Survival of rhizobium

The most effective and most competitive _ﬂ_}_w_izobium must multiply and
survive within soil.

2 « Cultivation and massive production of Rhizobia

2.1 - Cultivation of Rhizobia

Rhizobia grows in a routine mMedium whose composition is given in the
appendix. Rhizobia can be cultured in shake culture or in glass bottles, or in
any of a wide variety of fermentes. Monosaccharides and disaccharides are thr
most common source of c¢arbon for Rhizobiurn isolates although some slow growing
strains prafer pentoscc (arabinosu) instcad of mannitol or SUCIOSE (DATE, 1974 ).

2.2 - Massive production of rhi:obium

"To obtain a Rhizobium culture of a high concentration, the ferment&
i s used.Pricr to the cultivstion of Rhizobium in a Tferment&, it 15 usually
recommended to start, first, a preliminary culture in a gmall flask. Later, thc
starter culture is then transferrcd aseptically to the production fermenter at
the rata of 1 7 by volume. Culture is asrated by sterile air. An oxygen partizl
pressure of 0.15 atmosphere is optimum and Rhizobia grow bost in the range of
25 to 32°C.

There are different types of fermenter : frpom large ferment@rs with
complicated duvises (BURTON, 1967) to simple ferment@rs uscd in Australian {(DATE,

1974), (Fig. *). According to australian experience, autoclavable fermentation
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unit ig better tharr gelf operating complicatcd fermentgrs requirincy stuam
sterilization.

3 =1 noculant carriers

The qualitics of a good carrier inoculant naterial are : (1) highly
absorptivc and casy to procoss ; (2) Non-toxic to Rhizobis ; (3) Etasy to steri-
lize ; (4 Available in adequate amounts ; (5) Inexpaensive and (6) good adhe-
sion to seeds {BURTON, 1981).

Many materials can be used as carriers : peat, charcoal, clay, ligntu,
compost, straw, pulverized minvrals such as vermiculite, and polyacrylamido
(DOMMERGUES et al., 1973).

Peat has boen the mMost commonly used base “or commercial inoculants.
It is agreed that as an inoculant bacc, sterile puat is superior tc non sterile
peat and that heat triated or autoclaved peat is better than air dricd peat.

4 = Quality control

Thc aim of Rhizobium inoculant quality contrcl is to avoid problems
during production and storage and also to ensure the high quelity cultures.
Howvever, it is necessary toc standardizc the inoculant. For a particular local
conditions, th, number of viablc cells In Rhizobium inoculant gtandard must bo
superior to just adequat¢ numbor of Rhizobium for nooulating thc lequmg in
sterile conditions. within the [limits of inoculum technolagy (i.e. tho many
factors ghich affect inoculant's quality), crop agromomic caractaristies de-
terming inoculant standard. Many researchers recommendcd an  inoculum which
would providc approximatively 10,000 £ 100,000 viable 8Bhizobia per seed for
3 good inoculation {tsble 1).

"Table 1 : Number of wviable Ahizobium cells required per seed.

(BORDELEAU, L. and PREVOST, D. 1981).

Crop Seed size Number of viable
(Numbcr seeds/kq) cells per seed
-

ARlfalfa { 3
Clover Small 10
Bird's-foot trefoil »200,000

_ _ . 4
Sainfoin Thtermediate 10

50,000 = 200,000

Beans Large 105

Peas < 30,000
Soybeans




5 = Agronomic importance

Inoculation succusses of failures in tho field have bean shown
(HAM et al., 1976 ; BALASUNDARAM and SUBBA RAO, 1977; SUBBA RAO, 1976).

Failures to obtain the desirod response May be due to (i) the
presgnce than introduced effective Rhizobia strains, (ii) the presence of
antagonist¢ of Rhizobia which minimizc the number of Ahizobia In the rhi
zophere and (iii) soil conditions which limit symbiosis : acidity, alkalinity,
high nitrogen leval in soil or othar factors.

The use of Rhizobial cultures in laegume ostablishment has been
widely rwcognized, especially in areas where indiganous Rhizobia have beon
found to be inadequate.

CONCLUSION

1 n many countries, especially in the developing countries, grain
legumz is produced mainly by small farmers who use multiple cropping systems
and minimal technical 1imputs. The @gssential ralg of thc Microbiolugical Rg-
sources Centers (MIRCEN) is to prumgte the uso of inoculant tuchnclogy in

these developing countrigs (ses part 2).
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ROLE OF MIRCEN IN DEVELOPING COUNTRIES

Developing countries are today facing with many difficulties as
insufficiency of food, gnvironmental pollution, sngrgy crisis. In soma of
these countries, hunger abats social and political urrest.

In the prasent fact, science of microbiology offers a wido figld
of applications of micrcbiclogical technologies in the developing countries
becausa it takes actions in agricultural productivity, food and onergy pro-
duction, hcalth, atc...

In feod production, single cgll protein (SCP) has attrncted con-
sidorable interest as a group of fuods rich in protein, producsd by noCn-
agricultural mgans and hepefully less oxpensivo than convantional protein-
rich materials such as soybean mgal. Use of SCP is yet limited. It is uscd
for animale nutrition. Tho micrcarganisms ussd for SCP production include

bactaria, yeast and =algae.

Wood is the more important combustible usod in develcping countries.

Frankia 1is an actinomycot which can nodulatc Ccasuarina gquisstifolia, a nitro-
gen fixing tree.

In the other hand, one of the important biological research is the
production, of cooking gas from agricultural wastes.

Soil and mater pollution require Mmicrobiclugical technologies
effluent water coming from factorias must degreted throeough microbial actions
to avcid water pollution.

Through microbial activities, we can obtain antibodies, Indispensa-
ble enzymes like proteasz, afylass, cellulase and vitarnins which are all impor-
tant to OUr daily living.

Metabolits produced by soil microorganisms improve plant groth.
Crctp vyield can be improved by domesticating biological nitrogen fixation in
order to reduce the use of expcnsiva nitrogon fertilizers.

Science of microbiology is also applicd for protecting crops against

diseases mediated by _Baccillus thuringiansis, Pssudomunas septica, Llostridium

perfringens and cther antomupathogen microcrgonisms,

These examples illustratce the pole of microorganisms in thu develop-
ment of third wurld countrias and tho importance of culture collecticn of
micruorganisms. This is why UNEP/UNESCO/ICRO panel on microbiology has launch:
the Microbiolugical Resources Cgnter (MIRCEN) programs which are designed tC

a) « Provide the infrastructure for a werld network which would incor-
porate rogional and interregional co-operating laborztories geared to the

management, distribution =2nd utilization of thc microbial gene PoCl j



b) « Reinforce offgrts relating to the conservation of micrucrgonisms,
with emphasis on _Rhizobium_ gene pools, in developing countries, with an

agrarian base j

c) ~ [Foster thc development of now inoxpensive technologies rative to
the region ;

4) - Promote the applications of microbiology in ordor to strengthen
ryral economies ;

g) = Serve as focal centoers for the training of manpower and the dif-

fusion of microbiological knowledge.
In Sencgal, the ISRA (1) agriculturel ond forestry resoarch centers

at Bambey and Dakar-Hann, ruspectiuely, have been dosignated as tha West Afri-
ca MIRCEN. That MIRCEN will focus on establishing a rggional microbial cul-
ture collection to serve the agricultural production.

Important species of microorganisms of gconomMic significsncs, which
are usod in ths preparntion of biofertilizer inoculum production (for example,

Rhizobium, f rankia,Myc orrhiza), and bioonergy goneration (for example, biogas)

will be centralized for prossrvation and wuse primarily in Senegal. At a later
stage, co-opnrating laboraties in neighbouring countries of Mali, Upper Vclta,
Gambia, QGuinea, Niger, Chad and Togo will benefit from the culture collection
at the MIRCEN.

Tha MIRCEN will also undertake collaborative research projects,
reconmend ragionsl f sllowships, or ganize short- term training and eventually

attract international contracts for research work in the region.

(4) I1SRA : Institut Sénédgalais de Recherches Agronomiques.

Senegaleas Instituto of Agronomic Researches.
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Appendix : Routine medium for growth of Rhizobium

Yeast-Extract Mannitol broth.

KZHPGQ 0.5 g
Mg 30a, 7H20 0.2 ¢
NaCl 0.1 ¢
Mannitol 10 %
Y gast-ex tract 1 9

Distilled water 1000 ml

Agar 15 g

pH = 6.8

PUERRCTC .



