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’*ﬂf;the root system (elther 11v1ng)dry1ng or dead roots) ; and

"Wthls benef1c1a1 mlcroblal activity: through better 5011 management.

W,should keep 1n mlnd fhe fact that. N flxatlon by a given system oT organlsm

falso,depends upon}cllmatlc‘condltlons, especlally 11ght,

"?Althoﬁgh the state of our krowledge of the influence of edaphic factors

tion legume—hazobzum symb1051s is relatively well advanced, many questlons remain

’ﬁij unanswered about the role of organ1c 5011 matter (cf Shina, 1977) and we

v

jf have very llttle 1nformat10n about the 1nfluence of edaphic factors on rhi

“Q‘zospherlc and asymbiotic, N flxatlon.

In thlé paper three categorles of processes will be con51dered

‘fﬁl) symb10t1c N2 flxatlon restrlcted to the case of 1egume-Rhtzobtum symb1051s ’

Z'f,and to that of 'the AzoZZa—Anabaena symb10515» B

Q(Z) rlzospherlc V flxatlon i. e., N, flxatlon.by dlazotrophs assoc1ated'w1th

z:.

(~ff;(3) asymblotlc N2 flxatlon i. e, N flxatlon.by free- 11Vlng diazotrophs,

,“;elther bacterla or'blue- green algae.

. ‘.4_ s

The alm of thlS rev1ew is to draw attentlon to aspects of the ecology

V

: of NZ flxatlon h1therto overlooked and to suggest steps necessary to increase

i

Althouph we are partrcularly concerned here W1th edaphlc factors one

e




Rhizobium-legume symbiosis has been recentiy reviewedzhy Gib50n3(1977); we

shall give here only a brief account of our present knowledge aboutﬂns.problem, ,

¥

restricting the discussion mostly to the case of trop1ca1 legumes, ":“i}fglf'ﬁff
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1.1.1. Phyeical,factors;wfffi,}

,flxatlon. In troplcal solls nodulatlon 1s adversly affected by the'hlgh tem

Y

, peratures often encountered in semi- arld or ar1d 50115 Thus n1trogen flxatlon
O

by chick-pea is 1nh1b1ted.when temperatures rlse to 33(} durlng the day (Dart

. y
«
|

et al., 1975).

: flxatlon (measured by the ARA acetylene reducxng acthlty)‘started only“‘fte‘

. that date (Flg 1...) Even when plants are well'nodulated“‘N2~f1xat10n Wan

Y
R h

be severely depressed bv a m01sture stress occurrlng a{ter most nodules have"‘

- been formed (Sprent 1972) This 51tuat10n occurred 1n the case of peanut 1n

central Senegal in 1976 a drought that occurred in- the mlddle of the growth
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3m01sture content of 5011 around the nodules, if plants received adequate

I

fmolsture from below the nodule zone” (Hume et al. 1976). Soil molsture def1c1ts

are often‘assoc1ated w1th hlch 5011 temperatures so that it is difficult to




The fUnctioning of the symb1051s is mostly dependent upon molybdenum, sulphur,

‘calc1um and boron (Dart 1976). Soil acidity, which is prevalent in tropical

C

Situations 1s generally assoc1ated ‘with low Ca, P and Mo contents and high

%f;tion is relatively tolerant to aCid pH and.high aluminium.levels

gEXtessiVe pH‘(>8;O)‘resu1ting from irrigation or ashes originating

from burning crop reSidues markedly limit peanut nodulation (Ganry, 1977

"Dreyfus 1977 personal communications) Since legumes require relatively. 1arge

T

rSoluble“combined nitrogen is known tQ decrease nodulation of legumes

(cf Dart s; reView, 1974) However, nitrate induced inhibition is not so

;i well established (Gibson, 1977) On the other hand N fixation is stimulated

by small amounts Jof combined N (starter nitrogen) applied before the nodules ?

are formed i e., during a phase of nitrogen.hunger Later the effect of combined
: R

nitrogen is obv1ously depreSSive The relationships between ‘total plant nitrogen

f‘during a grow1ng season has been diagrammed by Gibson (1977) (Fig. 2). The

use of fertilizers compatible With N fixation has been suggested by Hardy

'et{aZ.,(1973):as a means of overcoming this inhibiting effect of conventional




h'l‘l 3. 4Bi01ogical factors.

N‘Among the edaphlc fact01s biological factors aré sometimes overlooked.

IN

Such an om1551on may obscure the 1nterpretatlon of environmental studies.

BlOlOglC&l fattors 1nc1ude non-pathocenlc mlcroorganlsms (e.g., mycorrhizae,

'y
Ve

ffsaprophltlc bacterla) or pathogenlc organlsms Cv1ruses 1nsects,-nematodes)

tha‘ affec nodulat1on and N2 flxatlon.;l‘

The adverse effect of antagonlstlc mlcroorganlsms was often reported

y ’Ilt” L.
'to reduce no 1at10n (cf.,Dart 1974 for reference 115t Kumara Rao et aZ.,V

4
L

\1974) Pract;calneans of OVercomlng thls antagonrsm are urgently needed in

'

X ‘some seml—arld 30115 Competltlon between anzobzum stralns is another difficult

l
!

problem, Wthh has hltherto recelved no practlcal solut1on Nematode infection
has been reported to 1nh1b1t nodulatlon by some unknown process ’nematodes
‘:‘ can also 1nvade the nodule (see Glbson, 1977 for reference list; Germani and
Gautreau, 1976) Appllcatlon of nemat1c1des restores nodulatlon and consequently
N flxatlon. However, unfavorable aftereffects of nemat1c1des on N2 flxatlon
have been reported resultlng from a desequlllbrlum of the nematode populatlons,h
:~ ;‘more v1rulent*epec1es belng favored.by nemat1c1de app11ed the prev1ous year
| (Germanl, 1970, personal communlcatlon) Such experlmental data suggest that ki
more elaborated methods of pest control are urgently needed in order to maintain
:{: the legume potent1al.of*N2‘flxatlon. Recently'attentlon has been given to the
effect of endbmycorrhlzae on the levune—ﬁhrzobium symb10515 endomycorrhlzae
do not only substantlally increase P uptake by the plant but also lower the

host root s re51stence to water transport, probably by 1mprov1ng the nutrlent

uptake (Saflr et aZ.,1972) Endomycorrhlzae 1mprove both nodulatlon and N2 <

Wt
'

‘1976VTDart 1976) Su1table nycorrhlzal 1noculat1on

flxatlon'(MOSSe+et¢alf




- together with application of some form of organic matter and phosphorus
fertlllzer should allow the exten51on of legume crops 'in poor tropical soils.
However -more research 1s needed in order to produce endomycorrhlzal inoculants
on a.proper scale i~z7f[”3ﬁfl~”‘

Developmeit of legume crops is often adversely affected by different

pathogens and 1nsects whlch 1mpede nodule development and symblotlc N ‘fixation.

Such 11m1t1ng factors should not be overlooked espec1ally in stressed conditions.

"5fywjﬁ;é.VEdaphlc‘faCtors affecting rhizospheric and symbiotic N, fixation

Relatlvely llttle attcntlon has bcentglven to the effect of edaphlc factors
- on these processes But grow1ng 1nterest in. rhlzospherlc N2 flxatlon 1nvest1gat10ns

.are’ currently underway to eluc1date the role of the main llmltlng edaphic factors

‘ 42§lr}§hysical»factorso

Contrary to‘symb1ot1c N“ fixation, rhlzospherlc and asymblotlc flxatlon
are markedly promoted by waterlogglng (e g Dommergues et al., 1972),,wh1ch
explalns why h1gh rates of rhlzospherlc V f1xat1on are associated with plants
in waterlogged habltats r1ce (e g. Balandreau et aZ 1976; Yoshlda l97l 1972)
| Juncus (Tjepkema and Evans 1976), marlne grasses such as ThaZassza (Patriquin -
and Knowles,~1972) szcennza sp, B%zzophora sp (Sllver et al., 1976) These
g results are perfectly con51stent w1th the well known sen51t1v1ty of the nltrogenase h

[

system and pure culture of dlazotrophs even aeroblc ones (see Knowles 1976, for B )

reference llst Conversely: m01sture def1c1ts severely depress rhlzospherlc

. N'vr"} &
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N flxatlon. As far as molsture 1s concerned the behav1our of N f1x1ng algae

2
is parallel to that of dlazotrophs assoc1ated'w1th plant roots. "
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Temperature 15 also a key factor Wthh acts directly upon the dlazotroph

555 N s T

N

or'through the plant (rhlzospherlc d1azotrophs) Low, temperatures were shown to

‘,11m1t rhlzospherlc flxatlon (Balandreau et aZ., 1977)

s
3

\l.$}2.2Chemical factors_ o

".;‘ h

Soluble comblned nltrogen 1nh1b1ts rh17ospher1c N fixation. However,

' prcllmlnary data (Rlnaudo and Ganry, personal communlcatlons) 1nd1cate that
starter doses of n1trogen would.be beneficial. On the other hand field experlments
set up by Smlth et aZ., 1976 suggest that appllcatlon of medium rates of nltrogen
4fert111zers would st1mulate rhlzospherlc N flxatlon. In a fertlllty trial with

.lowland rlce nltrogen dre551ng (140 kg N ha ) 1nh1b1ted nitrogen flxatlon only

V*temporarlly Slnce r1ce plants rapldly absorb ammonium nitrogen; nitrogen repre551on

is restrlcted to the flrst stages of growth (Trolldenler l977) The. cr1t1ca1

)

' threshold apparently varles w1dely w1th the soﬁl type and the plant.

: ¢*'1:2.3. Biological factors ‘“A;% ' : g
R e R T P |

Diem etrél.;‘fl977):indieated thatvactinomyeetes may account for the limited

‘development of a Betgerznckza ‘strain 1n an alluv1al paddy soil of Camargue,

‘"sucgestlng that antagon1sts may ellmlnate dlazotrophs from,certaln habitats. -
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' g'”"‘:Zé Influence of organic matter on N, fixation.

::Zola lnfluence of organic matter on symbietic N, fixation.

! St
- e e 1
L

The overall effect of organlc matter on N f1xat10n by legumes was reported

to be generally, but not always benef1c1al Most examples glven here are related
' to 1ncorporat13n of crop re51dues, animal manure espec1ally farm yard manure

(PWWD compost ‘and some other - ~compounds .’ From pot experlments wheat straw 1ncorporati
(3 and 6 t ha ) was shown to increase the yleld of soybean from 0,871 (control)
y‘to O 925 and l.OZZg, and the total proteln content of seeds from 273mg (control)
respectlvely to SOl«and 358mg @hlvashankaret aZ 1976) This effect of wheat
.straw 1ncorporat1on ‘was attrlbuted to CO2 enrlchment of the ‘lower atmosphere,
" which 1s known to 1mprove N fixatlon (Havelka and Hardy, 1976) .Addltlon of . |

¥ oybean meal at 135Kg N ha 1;;1ncreased.the yleld of fleld grown soybean by 235,
i_and N (C2 Hz)rflxatlon by 12 , suggestlng that'soybean meal acted as a source
fof nltrogen compatlble w1th N f1xat10n, wheareas urea or NH4 appllcatlon 1nh1b1ted ‘

.o

‘nltrogen flxatlon (Table 1) ~_V\r f‘f'}j S
‘ ‘M 4‘",‘..:4" o ot

Mulder and Van Veen (1960) reported that extracts of stable manure ‘'‘not

‘only promoted.multlpllcatlon of Rhtzobtum trﬁblzt 1nfect1on of the roots but

'l'also the growth of the nodules" ThlS st1mulat1Ve effect was the same as that

'observed w1th yeast extract and sterlllzed Rhtzobtum cells No explanatlon of the ?]7

observed effec@f‘ ’
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. Table 1. INCORPORATION INTO THE SOIL OF SOYBEAN MEAL, UREA AND AMMONIUM ;
. FERTILIZER AND I7s EFFECTS ON THE i) FIXATION AND YIELD OF FIELD
.~ GROWN SOYBEAN (Hardy et aZ., 1973):
Application - . | N, (C,H,) fixation . | . Yield .
T R e e T I -
Soybean meal-- '; <. | Voo or11z 00T b 123 ‘ o
Urea 0 b a0
NHj fertilizer. | i | s ok,
fDéta expressedYaslé“ﬁercentage oijOntrQ1} "
vSéinthacary (bersenaiféoﬁmunicétion,,1977)“5tudiedlthe effect of the ;

additien of'different.forms‘of'ergénic matter, compared with urea and urea-formaldehy

on nbdulation and N2 frxationg\in eoybeaﬁ‘plants5 (cr Jupiter), grown in the
open inpots in.a. sandy Senegalese (Dior) soil. AddlthnS expressed in terms of
nitrogen were made at. the rate of 30 and 60kg N ha 1. Table 2 indicates that
application of an1ma1 manure (6QKg N. ha ) dld not affect.nodulatior and 1ncreased

(slightly, though non 51gn1f1cantly) N flxatlon measured by Acetylene Redu01ng

| Activity (ARA), suggestlng that the anlmal manure used in ‘his experiment behaved

11ke a compatlble fertlllzer Contrary to wheat straw pearl millet straw appeared

- to 1nh1b1t nodulatlon and.ARA ThlS dlscrepancy cannot be attrlbuted to the ratsg




acid. -

peanuts were;estimated by Ganry et dZ.; using two methods; (1)' calculation of

10)

of application of straw (9-18g/pot of 4kg in Shivashankar's experiment; 4-8g/pot

of 3Kg in Saint-Macary's experiment)bui oouid;desibly result from the relatively .

~high concentratlon of phenollc compounds whlch are present in pearl millet straw ‘

(Ganry et aZ 1978) Appllcatlon of an1ma1 manure to field grown peanut .in

.Senegal was shown to 1ncrease ARA by ca. 50° (Ganry et Wey, personal communlcatlon).

) i
s

Prellmlnary observatlons suggest that green manure could 51gn1f1cant1y depress |
N flxatlon 1n peanut (Ganry, personal communlcatlon) "Few experlments were

carrled out u51ng somewhat purlfled humic compounds. such as humlc ac1d or fu1v1c‘ .

i

AAftereffectslof different types of organic matter on N2 fixation in pot-grown

i
i,
i

N2 fixation fromtdilution'of lSN’derived‘from'the soil in the N2 fixing plant :

(Legg and Sloger, 1§77);3(2) determining the difference between the total N

' content in peanuts and total. N in a nonrN f1x1ng plant taking up the same amount
‘of soil nltrogen Compost and FYM markedly favored N2 flxatlon which was 1ncreased

‘by 30-50%. On- the other hand pearl mlllet straw had no effect (Table 3).

b £ :(!

The latter result seems: to be 1ncon51stent'w1th results reported in Table 2.
The dlscrepancy can be attrlbuted to the fact that in one case (Table 2) straw
was 1ncorporated a short time before the legume ‘was sown and in the other case

(Table 3) straw had been 1ncorporated ‘the. prev1ous year,

c A -
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Preliminary obServations suggest that green manure could significantly

depress N flxatlon in peanuts (Ganry, personal communlcatlon)

Few experlments were carrled out u51ng somewhat purlfled humlc compounds such

. as humlc or fulv1c acid. Favorable effects on the Trtjblzum-ﬁhzzobzum symb1051s

were reported Py Bhardwaj and Gaur (1968) and Myskow (1970)

.y ..

Table 3 AFT EREFFECTS OF DIFFERENT TYPES OF ORGANIC MATTER ONIQZ FIXATION

CIN DEANUTS, EXPRESSED IN mg OF N2 FIXED PER PLANTa
(Ganry, Culraud and Dommergues unpubllshed)

Treatments‘i"xtt5‘ ” fg:”-'EStimation ofiNz‘fixation by 2 methods

e o . Difference
Controlv‘7 Eﬂ“"; " . ;‘297
Inoorporationvofran‘E;l v

,Pearl milletmstrawﬁﬁ" PR [0 S
Incorporatlon of 7“,

compost "‘ .

R 7 P PR 1:

- Incorporation FYM S {Eyi”,({3;136 “' y." C 146
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2.2. Influence of organic matter on rhizospheric N, fixation.

Comparlsons of rhlzospherlc N2 £1xat10n carrled out W1th the same rice

cultlvar in different soil types have shown that thls blologlcal process depends;

 critically on:the soil, type Thus Rlnaudo et aZ 1971 reported large variations’

1n the Acetylene Reducing Act1V1ty (ARA) of the rlzosphere of IR8 rice seedlingsA

grown in 3 dlfferents soils from the Ivory Coast (Table 4) Obv1ously such variations

are not related to the organlc matter content of the soil. Moreover, in contrast.
with the establlshed fact that comblned nltrogen inhibits the activity of diazotrophs
the h1ghest ARA occurred 1n the 5011 w1th the hlghest total nitrogen content.

This result spggests that some forms of organ1c 5011 nltrogen could probably be

. compatible w1th N2 flxatlon

Table 4. ACETYLENE REDUCING ACTIVITY CARA) OF THE RHIZOSPHERE OF 20 DAY-OLD

IR8 RICE SEEDLINGS GROAN IN 3 SOILS FROM THE IVORY CoasT o L
(Rlnaudo et aZ 1971) |

Soils p.{\v; Texture rljw?? Total . Total' . C/N /pH ~  ARA
| (percentage ) -;,“C"~f7)‘j N T R

Cley.u (Sllt“AFSand'oontent,;; content

oy . ao™
Dabou 63 32 - 1.5 46.95 ' 3.00 . 15.6 6.2 33
Abengourou 30! %828, 031.75 0 2.57 0 12.8 - 6.5 - 9 o

Yamoussokro27 28 44 17.80 - ,i.él 11,8 6.9 119

. ARA'exPreesedfin;térme}ofmnanom hes C H4 per g dry rhlzosphere 5011 per hour :

rrrrr
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2.3. Influence of organic matter additions on‘symbiotic fixation in .

’the soil. ;‘fﬁtr.t, t"[f?”iqu “t~i*h343‘
Addlng organlc energyvsources espec1a11y carbohydrates such as- glucose
A ior starch, to s0il- 15 well known to promote asymb10t1c nitrogen fixation, pr0V1ded E
no, limiting factor (e. g ) phosphorus def1c1ency) 1mpedes the activity of the
diazotrophic mlcroorganlsms When art1f1c1a1 energy sources like sugar are replaced
by natural plant re51dues N2 flxatlon occurs only if the type of organic matter. ‘
‘used has a hlgh C/N ratlo and is ea51ly decompoSed
High nltrogen flxatlon rates obtalned in the 1aboratory by incorporating
such orgdnic energy sources - have seldom been reported in -the f1e1d because the
amount of.organlc matter 1ncorporated in such condltlonstls usually much lower
(0.1% instead of 1%) 1n order to av01d the depletlon of organlc nitrogen which
~ would be detrlmental to the plant One should add that it is dlfflcult to evaluate‘:
N balances in the fleld because of the ma0n1tude of sampllng errors and the ;Vf l
joccurrence of. uncontrollable factors Desplte these 11m1tat10ns Abd-el Malek
(1971)obta1ned substantlal nltrogen galn by 1ncorporat1ng add1t10na1 plant
residues into dlfferent Egyptlan 50115, Wthh ate characterlzed by their low . ‘fh‘
organic content and thelr richness’ 1n calc1um carbonate Unfortunately, no data ‘

were given regardlng the plant ylelds

A study carried out in Senegal by‘Beye (1977) showed that ploughlng straw g“A
into waterlocged paddy 5011 ("sol ngS") 51gn1£1cantly 1ncreased the yield of

PR - ' paddy andidua N content of the r1ce plants wh1ch suggests that the 1ncorporated

A .

L L
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‘straw had stimulated nitrogen fixation and subséquently increased the amount -
of nitrogen available to the plant. This favorable effect on rice fields was

not found when experlments were performed u51ng a different soil type (sandy

i R, o At L0 8. rmr

paddy 5011) This dlscrepancy could be attrlbuted to the fact that the latter -

CirG A B

soil type harbours a much less. active N2 f1x1ng mlcroflora (Diem, personal

communlcatlon% Tn the 5011 of . the IRRI Research Statlon,‘ Watanabe (1975) - f@ifg

e i

has found that tbe N f1x1ng~act1v1ty was’ markedly enhanced 1n leftover rice

—mre

stubbles

Studles reported above are 1ncomplete 51nce they were. carrled out e1ther S

T

by mlcroblologlsts or by 3011 sc1entlsts and not by 1nterd15c1p11nary teams, [fuy
‘ .but they suggest that the 1ncorporatlon of organlc matter stlmulates N flxatlon B
and could pos¢1b1y increase the crop yleld 1n some soil types (e.g., Senegalese
Msol grls“) Further 1nvest1gatlons are needed in order to' check the yleld
increase -is really due to N, fixed at the expense of these re51dues actlng

1

‘as a source of energy for 5011 dlazotrophs , P

2.4. Azolla and blue—greehialgae utflization(in rice‘culture}‘A

The agronomlc 51gn1f1cance of the AzoZZa—Anabaenae assoc1at10n, which has'r‘

been rev1ewed by More (1969) and more recently by Sllvester (1977), is now well

known.Potexperlments 1n.Indone51a showed that 1nocu1at1ng rice with Azolla '

ST AL e

Amarxedly 1ncreased rice productlon and’ suggested that flxed nltrogen was absorbed

s

by rice after_the death of AzoZZa;{TableIS).vi\j

N i
Lol
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Table 5, EFFECT OF AZOLLA ON GROWTH AND NITROGEN CONTENT OF RICE PLANTS

WITH AND WITHOUT A 4 DAY DRY PERIOD IN WHICH Azo ttA PLANTS DIED
(Sllvester 1977) ‘ ‘ '

Treétment A \4Waterosupoly fl, - Rice Production (per pot) |-

ot s Dy wte (8) Total N (mg)|

Control minus AzoZZa : . ‘i ;Contlhuousxviil :;Jl 36;9?o;‘ B L 221 -

| 'T;j‘iDrY Perlod.ﬁ;‘ o 4o.oxil?' 240

Half Azolla '?' f ot | \:f}COntinuouswf ‘: i ?A SllSJl}l?“,, j3Oi‘lf

n | ‘9f1Dry peftoa ?‘f "‘f,’Sl;O f}”_"e‘: 309: ;>
Full 4solla .";"‘ ,Ly?jechntingous,¢’“- .;5‘”43,3i1;:1 316 ;{{

20 to 23 days accumulated 24Kg N per- ha From October to January (106 days) flveﬂ

-

At the present‘time,'AzoZZa-is often used as“a green manure. It is‘iﬁtroduced.}"

into the paddy field, allowed to grow and‘covef'thé_Wéterksurface, then ploughed

in when it is dead. AzoZZa may be grown at the same. time as rice or in the interval

between two rice: crops or a dry, 1rr1gated crop Recent fleld trials carried out T

at IRRI's station in Los Banos showed that ”AzoZZa that grown in field plots for R

crops of Azolla were harveeted, accumuletlng 120KgI¢/ha" ‘(W'atanabe‘,‘1977,)°




- fixing act1v1ty of blue green algae.-

16)

Inoculating a olot with 4zolla at the time of tranSplanting resulted in an increase‘.
in grainryield of 13% over a control plot (Watanabe, 1977). Thie experiment éno |
other trials soggest that the beneficial effect of AeoZ?a may be do not only
to the release of nitrogen in thehsoil but élso to other processes which are
largeiy unknown. Thus Kulascoriya and de Silva 61977)‘foond that Azolla treatment
outdidithe urea treétment in percentage ot fiiledvgrains 'UAzoZZa—plus fertlllzer T

registered 132% as many fllled grains per panlcle as the: control ‘the urea treatment

roglstered 950, Wthh indicates that AzoZZa could act by reduc1ng sterlllty

Since opt1mum growth condltlons of AzoZZa are fot very well known, further studies.

are needed in order to solve the problems regardlng Azolla inoculating of paddy

fields on a large scale. One must keep in mind. the fact that 1iﬁiting factors

that cannot be controlled' may impede this’ appllcatlon Thus temperatures above -
31°C are known to 1nh1b1t the growth of AzoZZa (Watanabe 1977), restrlctlng 1ts

use to some climatic conditions.

~Inoculating rice with blue—green algae~has‘been done extensively‘in Japan‘“‘

and in India. In India algal 1noculat10n‘was shown to have a 51gn1f1cant p051t1ve o
L 4

effect on rice yields even with hlgh rates of fertlllzatlon (Venkataraman 1972)

The development of algallzatlon is desirable, but it may be llmlted as is. 'Azolla
1nocu1at10n. by uncontrollable env1ronmental conditions. Thus Roger and Raynaud
(1976) have shown that high light 1nten51t1es whlch are often encountered in

seml—arld 51tuat10ns such as 1in Senegal may 1nh1b1t the growth and nltrogen
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2.5. Promoting N, fixation in compost.

During thehcomposting precess of plant residues- or various objectional
wastes, nitrogen losses occur through denitrification and.leaching. The question
arises wheter one could balance such losses by promotlng N2 fixation at a glven
stage of the decomp051t10n process. Exploring such a p0551b111ty is most de51rab1e

espec1ally in situations where nltrogen fertlllzers are expen51ve.‘

3. Conclusion. = .~ = . - Ll

i

It is very difficult to discuss the effectfof'erganic;sdii matter on biolbgical

N fixation for at least 3 reésons”

- organic matter is not a deflnlte compound but ‘is made up of a host of dlfferegt

heterogeneous materials comprising mostly plant re51dues and thelr decomp051tlon

5

and re~synthesis » products;
- the effect of organic matter depends critically on actual environmental conditions;
. 4 o ‘ : k !

- organic matter may‘directly'and/of'indirectly‘affeet* g NZ fixation process;e

Dlscrepanc1es in results reported in the 11terature may be attributed’ to

the heteragenelty of the comp051t10n of organic matter. An example has already;'

been given which is related to the effect of*straw.'Table §‘shows the main hypotheses

which could explain most of the direct or indirect effects of organic matter on’

N2 fixation.
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Table 6. HYPOTHETICAL MECHANISMS BY WHICH SOIL ORGANIC MATTER CAN DIRECTLY

Hypothesis Organic matter as direct indirect effect
‘ > effect through the plant
1. ’ " Source of ant1m1crob1a1 compounds
+

or growth factors for mlcroorganlsms

2. o Factor of stlmulatlon or 1nh1b1t10n
of plant growth :

3. - Agent of 1mprovement of phy51cal

soil properties:microstructure, ,V‘ ’

aggregation, water storage 3 R A RTRE

4, -+ Source of organic or inorganic

‘nutrients (especially nitrogen) +

5. Buffer, ion exchange material agent :-

of prevention of phosphate fixation + -
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First organic matter can have a direct and specific effect on diazotrophs
acting as a source of antimicrobial compounds or as a source of growth,factors

!
(hypothesis 1).

Second organic matter canpt also have a specific,effect on:plants, organic Lo
compound "bei@g taken up by the plants throughithe roots,and participating in
in the plant's}metabolism” (Flaig, 1972), thus promoting oriinhibiting blant
growth (hypothesis 2). | | | o | -
Third organic matter, speCially in tropical conditions plays a maJor role in
improving physical and chemical soil properties thus affecting the plant And
asgnciated dquOErophs (symbiotic and.rhizospheric NZ fixation) or the diazotrophs
alone faswmbiorfc N, fixation) (hypothe51s 34~ 5) In semi ~arid soils, the favorable.
effect of organic matter on the water retention characteristics of SOils
(Charreau, 1974) should theorically enhance N2 fixation espeCially during drought ;?
spells since soil humidity is one of the major limiting factors for N fixation ‘
(c: par. I.I.I.). A good soil aeration is a prerequiSite for symbiotic N fixation -
improvement of soil structure should result in an increase Qf N2 fixation, leGWlse,“ﬁ
improvement of chemical properties such as the prevention of phosphorus fixation
by organic matter (Charreau, 1974) should also favor N, fixation.processesi N

' Effects of organic matter on N fixation haVe not been clearly demonstrated.
up till oW, The reason is that the problem is highlJ complex.' Such compleX1ty ‘{.’
has obViously rebuffed most researchers. However,iin spite of such difficulties,
research in’that field should be developped becaGSe agronOmic observations and
preliminary experimental data clearly suggest that organic matter plays a prominent

role in the expression of the N, fiXino ability of the differentsystems. Organic o

matter management seems a- promising means of directly or indirectly stimulating



N2 fixation, thus saving nitrogen fertilizers.

Recent advances in the field of soil mlcroblology and in that of modelling
biological processes (cf. Schmidt et al., 1977) W111 probably fac111tate the
development of such urgently needed research. However onemust bear in mlnd
the fact that thése investigations should al&ays b; carried qut by mult1d15¢1p11nary

teams involving not only 5011 mlcroblologlst but also other groups of 5011

scientists, plan£ physiologist and, of course,’ agronomlsts;ﬁ‘
! . B . .




Captions for figures - - R . B

b

Fig. 1. Age: nodule dry &eight and age: NZ”(CZHQJ fixing activity of field ‘
grown peanuts over the first part of two growing seasom. R

For each year drought spells are indicated by interrupted lines.
The l§76 drought lasted from 35th up to 50th day; the 1977 drought
lasted from 20th up to 38th day. (Ducerf, unpublished). - .

Fig. 2. Diagramatic representation of the effects of combined nitrogen (soil
‘ plus fertilizer) on the nitrogen assimilation by legumes over a growing .

§ season. (Gibson, 1977).
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