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A MODELLING APPROACH OF ACETYLENE REDUCING ACTIVITY OF 
PLANT-RHIZOSPHERE DIAZOTROPH SYSTEMS 

1 2 1 J . P .  BALANDREAU , C.R.  MILLIER , PIERETTEIWEINHARD , 
P.  DUCERF1 and Y . R .  DOMMERGUES 

INTRODUCTION 
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Acetylene reducing a c t i v i t y  (ARA) of  plant-diazotrbph sys-  
tems whether ob l iga tory  o r  a s soc ia t ive  i s  known t o  be a f fec ted  
by environmental f a c t o r s ,  by p l a n t  f a c t o r s  and by s p e c i f i c c h a r -  
a c t e r i s t i c s  o f  assoc ia ted  diazotqophs. Marked and rap id  va r i a -  
t i o n  i n  ARA occur due t o  the  number of f luc tua t ing  environmen- 
t a l  f ac to r s  ac t ing  t o  l i m i t  ARA. 

b i o t i c  systems such a s  legume-12hizobiwn (Hardy e t  al., 1968; 
Mague and Burr is ,  1972) and non-legume-actinomycetes l i k e  organ- 
isms (Wheeler, 1971; Bond e t  al., 1975). In  the  case o f  grass-  
rhizosphere diazotroph systems (Balandreau e t  aZ., 1974), va r i a -  
t i o n  i n  the  ARA was r e l a t e d  t o  v a r i a t i o n  i n  t h e  photosynthet ic  
a c t i v i t y  of  t h e  p l an t ,  r a t e  o f  t r ans loca t ion  of  photosynthates 
t o  the  roo t s  and r a t e  of exudation o f  compounds from t h e  roo t s .  
These processes were a l l  s e n s i t i v e  t o  l i g h t  i n t e n s i t y ,  tempera- 
t u r e  and o the r  environmental parameters. 
from day t o  day a re  a l so  known t o  occur, which r e s u l t  from 
d a i l y  va r i a t ions  i n  environmental parameters. (e.g. Balandreau, 
1975). 
cycle can a l s o  be expected (e .g .  Hardy e t  aZ., 1973; Balandreau 
and Dommergues , 1973). 

Variat ion i n  ARA may obscure t h e  in t e rp re t a t ion  of  f i e l d  
experiments where est imat ions o f  N2 f i x a t i o n  a r e  made by ex t ra -  
po la t ing  over long per iods of t i m e .  P rec ise  estimation of N2 
f i x a t i o n  would necess i t a t e  a l a r g e  number of  ARA measurements 
- at l e a s t  8 pe r  day with 5 r e p l i c a t e s  (Balandreau et aZ., 
1974) f o r  t h e  dura t ion  o f  t h e  experiment. 

Diurnal ARA va r i a t ions  were repor ted  i n  t h e  case of  sym- 

Variations i n  ARA 

Moreover va r i a t ion  i n  ARA throughout t he  p l an t  growth 
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The objec t  o f  t h e  present  i nves t iga t ion  is  t o  attempt t o  
c o r r e l a t e  observed ARA with s o i l  and c l ima t i c  f ac to r s  and with 
p l a n t  growth i n  order  t o  bui ld  a prel iminary model (1) allowing 
t h e  in t e rpo la t ion  of a l imi ted  number o f  ARA determinations over 
per iods of time extending from one day t o  a whole p l a n t  growth 
cyc le ,  (2) p red ic t ing  v a r i a t i o n  i n  ARA from environmental da t a  
o r  simple p l an t  growth parameters. 

MATERIAL AND METHODS 

tu rb  t h e  p l a n t  and cons is t ing  of two components: an open metal 
cy l inder  700 cm2 i n  a rea  and 15 cm i n  he igh t ,  which was pushed 
i n t o  t h e  s o i l  t o  surround an ind iv idua l  p l a n t  and a polyethylene 
bag which was f i t t e d  on t o  the  upper r i m  of t h e  cy l inder .  Water 
was placed i n  the  r i m  of t h e  cy l inder  t o  s e a l  t he  volume con- 
t a in ing  t h e  p l a n t  and enclosed by t h e  bag and t h e  cy l inder .  
Acetylene (10% i n  volume) was i n j e c t e d  i n t o  t h e  bag toge ther  
with propane ( t r a c e r  gas) .  Af te r  1 h incubat ion ethylene pro- 
duct ion was determined by gas chromatography according t o  t h e  
procedure descr ibed elsewhere (Balandreau and Dommergues, 1973). 
ARA was expressed a s  nmoles of e thylene evolved/h/700 cm2 cy- 
l i n d e r  a rea ) .  
maize grown i n  a t y p i c a l  eutrochrept  s o i l  loca ted  a t  LaBouzule 
experimental farm, 20 km nor th  of Nancy, France. A prel iminary 
s e r i e s  of  es t imat ions of  ARA made i n  1971 showed t h a t  N 2  f i xa -  
t i o n  by t h e  maize na t ive  diazotroph system, was 1-3 kg N2/ha. 
growth cyc le  (Balandreau, 1975). 

model of d iu rna l  v a r i a t i o n ,  were taken every 3 h without i n t e r -  
rup t ion  during 5 days a t  t h e  beginning of  Ju ly  1973. 
taneously t h e  following parameters were monitored: 

ARA was assayed i n  s i t u  using a device designed not  t o  d i s -  

The p l an t  used f o r  these  inves t iga t ions  was 

A second series of ARA measurements, used t o  bui ld  the  

Simul- 

AT: a i r  temperature measured under s h e l t e r .  
AH: a i r  humidity measured under s h e l t e r .  
LE: amount of l i g h t  energy received by t h e  p l an t  measured 

with a thermolinear Pyranometer, expressed as J cm- . 
UST: temperature of  t h e  upper s o i l  horizon ( 5  cm i n  depth) .  
IST: temperature of t h e  intermediate  s o i l  horizon (18 cm 

LST: temperature of  t h e  lower s o i l  horizon (30 cm i n d e p t h ) .  
SW: s o i l  water content  expressed on a wet weight bas i s  . 
LW: dry l e a f  weight expressed i n  g per  p l a n t .  
A t h i r d  s e r i e s  of  ARA es t imat ions were made t o  bui ld  a 

2 

i n  depth) .  

model of  v a r i a t i o n  i n  ARA throughout 
maize. ARA was estimated every 2 h ,  one day pe r  week, during 
t h e  maize growth cyc le  of  1975. 

ca t ing  t h a t  ARA o r ig ina t ed  from t h e  n a t i v e  diazotrophs assoc i -  
a ted  t o  t h e  maize rhizosphere (Fig. 1). 

t h e  whole growth c y c l e o f  

Non planted con t ro l s  showed no s i g n i f i c a n t  ARA, thus  ind i -  
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Fig. 1. Diurnal variations i n  acety lene-reducing a c t i v i t y  
(ARA) i n  the rhizosphere o f  maize ( f u l l  l i n e )  and in noE 
pZanted s o i l  (dotteä l ine) ;  measurement performed a t  f louering 
stage. 
MODELLING OF DIURNAL VARIATIONS OF ARA 

observed i n  t h e  maize f i e l d .  
very s i m i l a r  t o  t h a t  a l ready reported i n  t h e  case of  r i c e  
(Balandreau e t  al . ,  1976). A midnight peak a l s o  occurred, but 
only when n igh t  teinperature was below 18 t o  2 O o C .  
rence of a midnight peak 'of ARA was reported by Dubereiner and 
Day (1974) when temperatures were high enough ( 2OoC) toa l low 
hydrolysis  of s t a r ch  reserves  and f u r t h e r  t r ans loca t ion  of s o l u -  
b i l i z e d  compounds (West, 1971) towards t h e  s i t e s  of  u t i l i z a t i o n  
by diazotrophs.  

co r re l a t ed  ( a t  t h e  .O5 probab i l i t y  l eve l )  with 4 out  of t he  7 

Limits show standard error o f  means. 

Fig. 1 i s  an example of nycthemeral p a t t e r n  of ARA a s  
I t  shows one mid-day peak a t  1 5 h ,  

The occur- 

Diurnal va r i a t ions  i n  ARA were s i g n i f i c a n t l y  and pos i t i ve ly  
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environmental parameters monitored, i . e .  AT, LE,  UST, IST. 

meters, corresponding poin ts  appeared t o  be located between the  
x ax i s  and a s t r a i g h t  l i n e ,  considered the  envelope of t he  
poin ts  (Fig. 2). This s t r a i g h t  l i n e  was obtained e i t h e r  graphi- 
c a l l y  o r  by ca l cu la t ion .  The graph was then used t o  ca l cu la t e  
t h e  equat ion o f  t h e  s t r a i g h t  l i n e :  

When ARA was p l o t t e d  aga ins t  one of  t h e  environmental para- 

ARA = aAT + b 

Points  on t h e  s t r a i g h t  l i n e  were r e l a t e d  t o  s i t u a t i o n s  when the  
parameter s tud ied  - e.g.  AT i n  Fig. 2 - was the  l imi t ing  f a c t o r  
po in t s  below t h e  s t r a i g h t  l i n e  were r e l a t e d  t o  s i t u a t i o n s  when 
o the r  parameters were l imi t ing .  When IST was lower than 20°C, 
ARA was n i l .  

A s e t  of  4 equations was thus obtained: 

(11 ARA = 33 AT - 330 
( I I )  ARA = 40 UST - 694 
( I I I )  ARA = 1,95 LE + 140 
(IV) ARA = O ,  i f  IST 20. 

Resolving equations I ,  I I ,  III ,  I V ,  gave 4 ARA values;  the  
lowest value had t o  be r e t a ined  s ince  ARA a c t u a l l y  depended on 
the  "most" l imi t ing  f a c t o r .  

This model appeared t o  descr ibe  70% of  ARA d iurna l  va r i a -  
t i o n s ,  which i s  not pe r f ec t  but i s  an encouraging r e s u l t .  

MODELLING OF VARIATION I N  ARA THROUGHOUT THE PLANT GROWTHCYCLE 

prel imicary in t e rp re t a t ions  showed t h a t  s o i l  water content  (SW) 
played a major r o l e .  
maximum i f  o the r  environmental parameters were not  l imi t ing ;  
such values  were designed a s  p o t e n t i a l  maximum ARA (PMARA). 
PMARA could be r e l a t e d  t o  LW by a simple equation: 

Calculat ions by computer a re  not  ye t  completed. However, 

(1) When SW was higher  than 18%, ARA was 

PVARA = k .  LW 

k being a constant .  (2)  When .SW was lower than 18%, SW appeared 
t o  be a l imi t ing  f a c t o r .  
(MDARA) appeared t o  be r e l a t e d  t o  SW by the  following equation: 

ARA measured a t  the  mid-day peak 

MDARA = PMARA (mSW - p) 
m and p being constants .  

MDARA/PMARA was co r re l a t ed  t o  SW a t  t he  .O1 probab i l i t y  
l eve l .  
l a te r .  I Actual values  of constant  k, m and p w i l l  be published 
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DISCUSSION 

ARA of t h e  maize-rhizosphere diazotroph system was shown 
t o  depend pr imar i ly  upon the  s t age  of  growth of  t he  p l an t .  Mid- 
day ARA (MDARA) was propor t iona l  t o  t h e  l e a f  weight (LW), i n  
t h e  absence of  l imi t a t ions  imposed by o the r  environmental fac-  
t o r s .  

The inf luence  of  environmental parameters on ARA was a l s o  
s i g n i f i c a n t ,  but  more d i f f i c u l t  t o  e luc ida te  because of  i n t e r -  
ac t ions .  Light energy (LE) was a major f a c t o r  which was r e s -  
ponsible  f o r  r ap id  ARA va r i a t ions ,  toge ther  with a i r  tempera- 
t u r e  (AT) and s o i l  temperature (UST, IST). Such va r i a t ions  
o f t en  r e su l t ed  i n  la rge  d iurna l  v a r i a t i o n s  of ARA. 

c l e a r l y  only when measurements were made over per iods of  time 
g rea t e r  than 24 h .  

Abrantes e t  aZ.(1975) found t h a t  t h e  main f a c t o r s  l imi t ing  
ARA were a i r  temperature and NHq' content  of t he  s o i l  so lu t ion ,  
but  t h a t  s o i l  water content  (SW) was l imi t ing  only when the  
wi l t i ng  po in t  was reached. Our r e s u l t s  confirm t h e  e f f e c t s  of 
temperature and s o i l  water content  repor ted  by Abrantes e t  aZ.; 
l i k e  these  authors ,  we detected a threshold  under which s o i l  
water content  was l imi t ing .  

s o i l  combined n i t rogen  could be detected,  poss ib ly  because of  
t he  spac ia l  heterogenei ty  o f  t h i s  s o i l  parameter. 

(da i ly  and the  whole growth cycle) proposed a r e  obviously s t i l l  
i n  t h e  prel iminary s tage  and requi re  improvements. We a re  cur- 
r e n t l y  t r y i n g  t o  develop a unique model i n t e g r a t i n g  t h e  r e s u l t s  
of  t h e  separa te  prel iminary models presented here .  Generalisa- 
t i o n  o f  such an in t eg ra t ed  model t o  o the r  types of environments 
and o the r  plant-diazotroph systems should increase  the  accuracy 
and p rec i s ion  of  evaluat ions of  ARA i n  s i t u .  

Bowen'and Rovira (1973) advocated t h e  use  of t h e  modelling 
approach i n  rhizosphere s tud ie s .  
sented here  support t h e  value o f  such an approach which i s  a 
p r e r e q u i s i t e  f o r  t he  development of cur ren t  i nves t iga t ions  (e.g. 
BUlow and Dubereiner, 1975) aimed a t  the  improvement of  t he  
e f f i c i ency  of  plant-rhizosphere diazotroph systems. 
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