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Table 1. Lest of seiecied penera of nirogen-fining orpumsme

.,,,‘,ﬁa,,//z,,.a Lov. &, ,2/,,r

Genuas or 1vpe Species

A. Freediving nitrogen-fixers

1

.

3

Oblirate acrobes

Azorohacrer vamclandi chrocos um, paspalt,
beyermikin

Benirmed e I

ey FUNIIG

Aol e agifes

Obligare aerabes thar My mitragen only at low oxygen 1ensinns

Azesprrithum brazilense  fipoferum
Neanthohacier autorrophious . flarus
Thiveheii it ferromen i
Rhizeine COMPLA Eroun
Meihviomu Sporium
Methvtororets apadui

Facultavve anaerebic bucieria that fia nitropen only under anserahic conditions

Aiehiiella PRGN

Buc s polvmug. i cran
Propemtbaciorin sher i, petersonis
Escherichia witermedia
Citrihucter froundhi
Entcrobucter clowcae. agglomerans
Erwinia herbicola
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Tabie | iconanued:

Genus or 1ape Spevies

4 Obhigste anacrobes

Claare iy pansteurinun. hugvricum
Dessfen ihri wieny desulfericans . lgaris
Devultesromn: chn ramins

5. Phototrophie bactena
a) Rhodospirdlaceae

rubram. tenne . fulcum, mofise lianum,
Photvmncisi umy
palusiees. voridis. capyutata. spheroides

Rhocdosprsituem
Ritndopisdonionas

b) Chromutiuceae

Chromitium rinosem . gricde, mings, viofuced
Thiveysns rivluced

Tuncupsa rosvopersicing, pleamgi
Ameebobacer rusens

Ecruthivrhodopira spaposhaikovit

¢) Chlorobacesr

Chiarobyom limicola. cibrioforme

Potend fion futeufum

6 Bluc-groen aigae of y vunohaciena
ar Unecelbuiar acrobically flung ~trans
Glowethe, v alprecdu S strains
(formeriy Gl sl
Aphunoiheee

b) Filimentous. heterocystous forms which fiv werobicalls and anae -r

cully
Nostoc MUSCUrUm, commune
Anatuena cxlindrica, rariabitis
Aphanizomenon Jlos - aquue
Culindrospermum Various strains
Culothrix Various strains

©) Filamentous. non-heterocystous forms which fix microuerobically

Plecionemuy borvanum

Ociflutoric Vurious strains
Preudunuhaena Various stratns
Lyaghya Various strains
Phormidium Various strains

B. Symbictic nitrogen-fixing systems und associations

Haost family Host genus N, -fixing microerganism

a) Rhizohium symbioscs

Leguminosue  Most species Rhizohium speties
Ulmaceae Purasponiu Rhizohium
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Table 1 (continued}

Host Tamily Host penus N,-fiung microorganism

bi Nan-Riuzohuan symbioses

Betulaceac Al
Myricaccac Afvrnu. Crmplonio
Elcagnaceac  Elvagrn, Hippophae
Shepherdia In alf cases

Rhamaaceae  Ceanethus, Trevod. Arnantve ety

Pucariy “ Frankio
Rosaccie Dryvas. Cercovarpus

Purhic

Conanaccae  Cororig. Colleta
Casuafinaccae  Cawurime

¢) Lichens Collema, Pritipera Nastor
Pendriveovanton Serronema
d) Enerworts  dathoceros. Blusi Nostoe aphairicun

Cuti wierm
c) Waterfern  Azolle Anabacna azollur
) Cxtads Crvian, Ceratozamiu, Nostoc, Anahuena
Entcphalarios, Macros

zunnd, Dioent cle.

) Hagher plasts

Haloragaceae  Gunacra Nostoe punciiforaw

h) Associative symbioses and casual associations

Phyllosphere Leaves Azotoba dor spp
Rhizosphere Rools of praswes
Paspalum notain: Azeroba der papuih
v mans dzopundinn:

Compiled mainiy from data by Burss and Harpy 1975 SpRexT 1979 Pintoan 14

SurEnT 1976, Rurka ot al. 1979

Tk organic Thant Vubclio. Easplasdic of TRy ok
Cnb. Vol d S A CARCHly of KL Zypcesié oo %

HeW

112 Dinitrogen-Fining Syminoses
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Table 2. Cross-inocuisbion groups in the Rhzobm symbieses. in which mutual infecuons
by the corresponding Rhizishiums are pussible

Group

Rbvizvhnar

Plants which yre
reguiacly alected

Occusionad
infections

Fusi growing
Pea group

Clover group
Beun group
Medicago group

Siow growing
Sovbeun group
Lupinus- Lotus
group

- Cow-pua

muscellany
speciahized

promiscuous

R. fegroninusurum

R. trifolii
R. phaveoli
R. mclifoti

R. juponicum

R lupini

R. sirains

R. struiny

Puum, Vicie, Lens
Lathvrus. Cicer

Trifolivem
Phaseolus

Medicugo. Melilotus,
Triguneila

Glvoine

Lupimus, Orajthopus,
Losus, Anthiifis.

Asrragulus. Curaeana.

(Inonis, Doryenium

Styiosanthes, Centrosema,
Desmendium, Lotonvay.

Levcdena

Vignu sinensis,
Phauvevius futhyroides
Ph. atropurpureqa.
Arachis hypogaea
Parusponia

Trifolium

Other Phusenlus
spucies Medicago,
Ghvcine
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i lmitiation et structure des nodules de Pois.

2 ~ Rhizobium autour d'un poxl absorbant

b - poil absorbant eprouié

¢ ~ infection
d - région gentrale infectée ’
e - settion-longitudinale av travers du nodule .
am: mérigtdme asical, &:’'cortex, ep: Epiderme, i.r.5
région: 1afec:ée. it:f Qﬁ'inﬁection; n.e.: endoderme -
du nodulq. p-7.: racine primaire, 1.h.: poil absorbant;
t: cellule tétraplolde, %y: xyléue
BEEVERS L. hltrogen metabolism in Plants.
&d. Londres, 1976,

Reproductton tnterdite, scuf gutorisation de l'autcur
et de 1'éditeur.

E. Arnold,
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Fig. 2 € Edesse of emmoriz 2nd nitralz or nitrozenase activity of A. pessaliin pure culture
(¢} of roms of P nstawr semoved frem soil (o} and TR:aST svstems with P wpteriom (el
For pure guhivre assaxs 1 mi of shalion izver patoh culwre (50,3 2 10" colls mb) v as injesied
inte G0 m) batiles comeiming 1 m! of S0 ma NHI or KOy an medium e the tice of
azeizient initition (e zerol Te roal sampees. fmibof J0my NH or NO; 1n 0.028 u
rhowphizic bofler (2B € 81 end acentlans veee applisd at Lim: zere. Intact soil-plant cores
recened 11.2pam N (s0il rasioin sehutor gt orime zero. Al NIlFOZEn $DCTEes were
(.\'H.;,SO.l or KNO,. Ali poains are means of four rephicates. €, Rh;; @, NO5
x, control.

NH; growh

NGOy grown
1000 -

&if:‘/ B |l e

T4 e i e T4 e
Hours of incubaiion wilth C;H;

nmoles C,14,'me protein

Fig. 3.9, Effects of ammonia and nitrate on niiregerase activity of A, paspeli grown in pure
culiuze on N, ammenia or nitrate, Ore ml of washed cell suspensions, oblained from shake
cultures prown wilh 10 mv (NH,).SO, or KNO,, or on N2 {132, 0.44, 0.51 mg proicin,m}
resp.). was injecied ime 60 ml bettles with air, containing t mlof 20 my NR; or KOy
In medium, ai 1ime zero. All points are means of hree replicaes. O, NH, ;. @, NO;;
X, control.

STEWART W.D.P. &d. Fitrogen fixatjon by free~living
micre~organisms. IBP Cambridge
University Press, 1975.

Reproduction interdite, souf autorisation de I'au-
teur et de 1'éditeur.
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NUTHAY 1BP, Cambridge University Press, 1976,
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Influence de 1a concentration en NO3 du milieu de culture sur bes quantités de matiére séche, les teneurs
en chiorophylle et en azole protidique de V'ensemble des feuilles de Saja non pourve de nodosités
{—} ou pourvu de nodosités i Rhizobium japonicum (+).

Effect of nitzate concentration in the autrient sofution on dry weight, chiorophyl! content, organic N content
of the shoots of soybean not inoculdted (- ) or inoculated (+) with Rhizobium japonicum.

Plantes de 51 j. Moyennes de & planies. Cumpnrmn des moyennes du mqu: 5%, des planies.
inoculées et non inoculées ; 15, différence trés signi ve; 5, difTérence

significative.

i

ve; as, difiérence non . -

Nodosites

NO; dans le milieu de cuhre {meg.17")

0 0%

Maligre séche
{emgMS. plante™ '}
Chiorophylle
(mg.g~'MS)........
N protidique
(mg.g7'M8)........
N protidique
(mg.plapte™"). ... ..

s

10
520 §* m } "=

:':}" |o.|}“
) L

nz} b %.:} u

1.5 2.5
e el
ol DR 1
W lm o kgte
= Bale

(v COz.¢"\m-2}
[
8

8

g

Photosynthise netre

Photosynihise refte (ug CO2 a1, m-2)

200

Ecloirement (W.m2)

F1G. 3. — LnNuence de la concenteation en NO; du milieu de culture sur Ia variation de 1a photosynthése
nette par usnité de surface Toliaice du Soj ¢n fonction de V'aclairement. A, plantes sans nodosités. B,
planles pourvues de nodosités.

— Effect of nitrate concemration in the nurrient soluzion on net photosynthesis per wnit leaf area of
saybean versus light intensity. A. not inoculoled. B, inoculated.

Plantes de 33 ). Moyennes de 3 plantes ( 1 cart-type). 0, abseace de NOs.

A w'ML:‘Af(ﬁilf

A,

o MoysE 2 7?*”

c H/;ﬂfzenff /7 L

,?a S pp?". gr‘fv

100 200
Ecloirement (W.m2)

PRIguL Db, BusOIuTH E.

082 27, pop s

Tamirs il
Infiuence de la concentration en NO; du milieu de culture sur la massc de mauére fraiche 1 sur bes

capacités nitraie réduciase in pitro €t nitrogenase des nodosités. .

Effect of nitrate concentration in the numrieni solutior on fresh weight in vitro nitrate reductase and
mitrogenase activities of the nodules.

Plantes de SE j.

NO3 (méq.17%)
0 0.5 i LS 2 5 5
Masiére fraiche -
(mgM.F. plante™") . 1310 630 400 280 150 200 100
Nitrate réductase
tuiq. h™i g~ MF) . - 1,53 L67 L46 116 - 0.66
Nitrogenase
inmot.h™*. g~ ' MF) 19,0 15,5 - 11,2 - 50 40
P4
q2
A —_
i o
3N e %
| o
-~ l 15 ®
s ], e
H \ :
z =
w2 <
= | . uenos
- v 41 1G. 7. ~ Infl de la conceniration en
i \ 61 NO; du milieu de culture sur ks
& \ b4 u_puiu’-a nitrate réductase (- — —} et
- Ve = nitrogénase |( ) des nodosités de
H X £ Soja.
£ 1t \ EY
2 \‘ - dos - Eﬂec:! of nitrale concentration in the
o % ® mutrien! solution on in vilre nitraie
1 s : reductase (- - —} and nitrogenase
o x ( } of the nodules of soybean
Te—e . inoculgted.
o ; é ,; ; ; Plantes de 51 j.

ﬁ?ﬂﬁb)mﬁ'kt )R, CHINPIGRY pL | PRiewi 0.4, Riswazm £,
I FMeyer 4. 4‘:4",/A, P./;,n A;Lfga chr: Fo, 53527




These are the major elements of the nitrogenase reaction .

Bacteroid membrans

%
Legbaemogichin

Carbobydrate from
photosynthesis

w”

Carbohydrate from
photosynthesis

— Amino scids

Two protein components—the Fe protein and the Mo-Fe pro-
lein—comprise the nitrogenase enzyme complex. The Fe pro-
lein is composed of two identicsl subunits. The Mo-Fe prolein
contains four subunits, Electrons flow from a reducing agent
such as o reduced Jerredoxin into the Fe prolein. then into the
Mo-Fe protein. and finally onto the substrate, usually nitrogen.
MgATP, which binds to the Fe protein. becomes hydrolvzed as
the substrate is reduced. The precise time ot which MgATP

]
Carbobydrate from photosynthesis

binds and dissociates and the exact role it plays in the reduction
process have not been fully elucidated. The leghaemoglobin
provides for the diffusion of oxygen in such a way that ATP is
produced most efficiently, but the oxygen-sensitive nitrogenase
is not destroyed. In symbiotic relationships, the photosynthetic
products of the plant setve as not only e carbon skeleton for the
synthesis of molecules containing fixed nitrogen, but as an en-
ergy source [or the production of reductant and ATP

Chemical and Engineering NEWS, &4 Oct. 1976
Reproduction interdite, sauf autorisation de l'auteur et de 1'éditeur.
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. SYMBICSE Riizobium LEGUMINEUSE - 655
Produn pmide prowenos: S ) -
Hydraves o lo tiactien de by
o corbany
Provendnt
sk t
N r ey
h
N
[& ;wln":n::.
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\ BumbBuLL =GO, — 0Oy
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e e My
===ty
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N — 0y
Fic. 5. — Sché ¢septan? le foncti d’une nodosité (daprés Scotr 7 al., 1976;

Evans et o, 1977, CHRISTELLER ef al., 1977, ATxins o ol., 1978; Snowwcam o aol., 1978)
« Schematic diagram of a working nodule )

Gln - glueamioe; Glu : gt te; g-XG : g-cétoglutarate; PEP : phosphoénolpyruvate;
OAA"!‘oxalnacém:;& T aspartate; Asn : asparsgine; PEP-case : Mphoénolpyr.uvne carbaxy-
lase NG5 - glutamine synmémz,‘GOGA‘l' : ghatamate synthase; -$y0 © asparsgine synthétase;

;ASP-4m : aspanate-amivotransiérase; Ny-ase  mitrogénase,
o+ Lo dgmtiore. Phpplon Gpaminson: 2y rfack f

frrtensinr - /. _pf:m.‘.’iz’-" & TRLCHET.

%}6-’: G g /?'5‘“‘“ , 1777, ZF (3), 693-667 .
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Micrographies 4'Anchaena [Los—aquae (=1

FOGG G.E. et al., The Blue-green Algae.
Academic Press, lLondres
et Kew-York, 1973

Reproduction interdite, sauf autorisation
de 1'autewr et de 1'édiveur.
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Fiz. 10.7. _-\?Tsorpljur spectra of (a) intact filaments and (¢} isolated heterocysis of
Anabaene cvlindrica. (b) CaH; reducnon and (di me1 oxypen esolarion ar didlerent
wavelengthe by Anaboens cxlindrica. Afier Fay (1930) Biockim. bioplvs, Acta. 216,

333-356.

FOGG G.E. et al., The Blue-green Algae.
Academic Press, Londres
et New=York, 1973

Reproduction interdite, sauf ecutcrisation
de 1'auteur et de 1'éditeur.
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Table V. Estimated Costs of Nitrogen Fixation in Soybeans and Corn

Soybeans Corn
Total dry matter {kg-ha-l-yr-1x10-3)2 3.7 -17.0
Total plant N (kg-ha-leyr-1)b 110 a0
Tota) plant € (kg-ha-1l-yr-1 x 10-3)¢ 1.5 2.8
Seed dry weight (kg+ha-l-yr-1x10-3) 1.5 2.8
Seed protein (% by weight)d 3& 10
Seed N (kg-hai.yr-1)d '36 18
Estimated total photosynthesis (KgC-ha-l-yr-1x10-3)€ 5 5
Estinated Costs Np fixation
Carbon cost (kgC-ha-l.yr-1)f 660 240
% total photosynthes{s - 12 5
*Predicted” yield decrease (bu-acre-1)9 6.6 5.9
Dollar equivalenth 43 14

3Calculated from average seed yields for world production of corn and
soybeans from FAQ Handbook.

bealculated from experimental measurements of protein or N content.
CAssumes plant C = 40% plant dry weight.

dvalues taken or calculated from values given in (91},

©fstimated from values for dry matter and estimated respiratory losses.
fassume value of € kg C used per kg N fixed.

9Assume 1 of photosynthate used to support N fixation leads directly to
reduction in yield by same %.

hgased on current prices for soybeans and corn and "predicted” yield
decrease.

The Energetics of Biological Nitrogen fixation.
Workshop Summaries 1 .
American Society of Plant Physiologists, 1982.




