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- The main physiological yield fluctuations of faba beans and sensitivity to 
in the examined. The magnitude of photosynthesis is 

by the size and longevity of the foliage and, to a extent, by the efficiency of CO,-fixation. and 
affect leaf expansion and  death. and pod of assimilates 
by intense comg'dtition  between vegetative especially the stem apex, and at the 

beginning of and  pod-setting. density enhance the of 
the availability of assimilates and balance. The of genotypes with habits 

and independent supply to as well as the effects of plant substances on and pod 
also discussed. The limited possibilities of faba beans efficient in in 

indicated and  mechanisms of 

- "Facteurs  physiologiques  qui  limitent  la  croissance et le rendement de la fève".  Les  facteurs physiologiques les plus 
importants,  responsables  des  fluctuations  du  rendement  des fèves et  de  leur  susceptibilité  au  stress  environnemental  dans  la  région 
méditerranéenne,  sont  étudiés.  L'importance  de  la  photosynthèse de la  culture  est  déterminée  principalement par la taille et  la 
longévité  des feuilles et  en  moindre  mesure, par l'efficacité de fixation de CO Le déficit  hydrique  et  la  température  atmosphérique 
ont un effet important  sur  la  production, le développement  et  la  mort  des  feui'fies.  L'avortement  des fleurs et  des  gousses se produit 
comme  résultat d'un déficit  temporel  des  assimilats à cause d'une  forte concurrence  intra-plante  entre les organes  végétatifs, en 
particulier 1'ape.x de la  tige,  et  les  organes  reproducteurs  en  début de floraison  et  pendant  la  formation  des  gousses.  Le déficit 
hydrique  et  une forte densité  de  semis  augmentent  la  chute  des  organes  reproducteurs à cause  d'une  réduction  de  la  disponibilité 
d'assimilats  et  de  l'altération  de  l'équilibre  hormonal.  Cet  article  examine le comportement  de  certains  génotypes à croissance 
déterminée et avec  une  vascularisation  indépendante  vers  ces  iqflorescences,  ainsi  que  les effets des  substances  de  croissance 
végétale  sur le maintien  des fleurs et  des  gousses. Les contraintes  des fèves  pour produire  de façon pelformante  pendant  les  périodes 
sèches par rapport à d'autres  cultures  sont  indiquées  après .fétude des  coefficients  hydriques  et  des  mécanismes  de  résistance à 

l la  sécheresse. 
l 

Introduction 

Faba bean faba L.) is a valuable plant. 
can  be  used as an effective in 

tions substantially soil At the same 
time it seeds with high content 
quently exceeding 30% a see Sjodin, 1982). 

the faba bean cultivation is declining in most 
1983), mainly  be- 

cause of yield between sites. a 
yield stability of faba beans in was 

times to that of Yield 
instability the impact of the and soil 

on plant and  development. The faba 

than in plants because of its 

physiological usually in of 
and pod shedding. is, 

to identify the physiological 
the yield fluctuations, as 

well as sensitivity to usually 
field conditions. 

plant is a of biomass  accumu- 
lation. in this study special attention  is paid 
to assimilation, and losses in faba bean 
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as well as to the affecting all these 
as a limiting to and 

yield is also examined. Finally, a section des- 
in faba beans and its to 

since is a common yield- 
limiting in 

The  production of assimilates 

a given time net photosynthesis is 
the of the size of the photosynthetic system and 
the of photosynthesis unit The 

almost exclusively to foliage, given that the photo- 
synthetic of both stems and pods is small, 
not exceeding 15 and 20%, of total plant 
photosynthesis (Austin et al., 1981). The to 
the efficiency of  CO,-fixation. 

Leaf area development 

Leaves the available amounts of en- 
and assimilate CO,, hence significance to 

and yield. Field studies of photosynthesis 
have shown a continuous in of CO,-uptake 
with values of  leaf index up to a 
maximum of  6.9, at a light intensity of about 
700 W/m2  (Fig.  1). 

highly significant between 
the leaf and both biological and 
seed yields of faba bean have been (Fig. 2). 
is, to achieve high values  of 
by the size and the longevity of the foliage in 

r- 0.76 

Fig. 2. and  biological  (open 
symbols,  dashed  line)  and  seed  yields  (filled  symbols, 

also 
shown. 

to yields. Leaf and 
unfolding, leaf expansion and  leaf death, all affect 

Leaf and unfo1,ding decisively affected 
by plant development and The of 
leaf is stable up to the middle of 

quickly declining (Fig. 3). The 
of unfolding follows a a maxi- 
mum subsequently 

23 July 19 Aug. 

0.5 0.9 

(Wm-2) 

Fig. 1. a in 
5 (July 2) to 20 OC 10). 

1977). 
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(Fig. 3). 
age as soon as the potential falls below -0.8 
to -1.1 1978a). On the hand, 

a positive influence  on  the of leaf 
in the 12 to 26 OC et al., 

1979). 

. The expansion of the lamina of individual leaves fol- 
lows  a kind of sigmoid by an initial 

at unfolding) and  a final value, as well as by  an 
and 

ditions leaves (above nodes 8 to 9) 
at unfolding, final and exhibit 

expansion than the leaves, 
in the of expansion is less systematic 

1976; et al., 1979). Two to 
leaves usually  expand at any one time. 

the at unfolding  and the 
expansion eventually leading to a 
in the final leaf (Fig. 4). The negative effects of leaf 

potential at about  -0.4 to -0.5 "a, i.e. less 
negative than those affecting leaf and  unfold- 
ing. The of is not systematically affected 

: l  as \ 

8 
0 o 1  - 
Q h  

9 8  - 
Q W  

:0.2 

- 0.1 

- 
O 5  

8 

F 
I 

\ 
' d r y  

Fig. 3. Time of leaf un- 
folding (wet) and non- 

( d r y )  faba beans.  F  and denote the begin- 
ning of and podding, 
nos, 1986). 

7 0  

- 50 

- no 
o 

10 

y, 1 :c?o 1 

Fig. 4. potential 
noon of (a) 

at unfolding  (ao). (b) of (te).  (c) 
(F). (d) Final leaf (A). 

two closed 

and et al., 1982). 

Fig. 5. Time of the plant shown as 
the amount of the 
amount of senescing and dead leaf 
the actual leaf field- 

faba beans  (Finch-Savage  and Elston, 1982). 

in the of 14 to 23 
O C  positively affect final leaf size by 
age expansion (Add et al., et al., 
1978). at levels of above 20 
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positive effects of masked 
by the negative effects of high insolation 

Leaf senescence and death become 
minants of the total leaf as plants (Fig. 
5). faba bean, leaf death initially slowly until 
pods physiologically followed by an 
ated (Finch-Savage and Elston, 1982). . 

leaf 
the of pods plant 

Cottingham and 1976), implying a kind of de- 
pendence of on the 
senescing leaves. Thus, the in the 
of leaf death the physiological of the pods 
may indicate that leaves have yielded  up  most of 

to the pods  and of no use to the plant any 
plant development, leaf death is en- 

hanced to a extent by high and 

On the basis of the evidence above it fol- 
lows  that total plant leaf is decisively affected by 
both air and (1968) and 

et al. (1978) found significant positive 
tions between  maximum  daily and 
tive leaf of faba beans between 9  and 25 

- 

16 - 

16 - 

9 
1 4 -  

- 

20 

I .- 

Fig. 6. The between the total active leaf of 
the main stem of faba bean plants and the 
values of leaf potential (ûa) two 

(open  and closed symbols). a wet 
medium and 

ment. The 
(Y=32.0+20.0X, 1978a). 

OC, giving a Qlo of about 2.0 the of leaf 
plant. such as 

diance deficit 
no Significant positive 
also found between leaf potential and 
the leaf indicating that the be- 
comes when potential to about 0.08 

1986). The high sensitivity of leaf 
is also obvious in Fig. 6. The 

data show a continuous in leaf values 
of potential below -0.5 at an 
of 20 dm2 This sensitivity can be 
mainly to leaf expansion 
ing at -0.5 Leaf death to follow in sensitiv- 
ity, is the least sensitive to 

1986). 

The rate of photosynthesis 

Faba bean  is  a typical C,-plant. On a  leaf basis, the 
photosynthetic at light is about 

20-25 mg C0,/dm2/h and Elston, 1978; 
et al., 1986).  On  a basis, these 
much (Fig.  1). does not seem to 
decisively affect the CO,-fixation in the wide 
of 5 to 30 O C  (Sale, et al., 1986). 

no detailed studies on the influence of 
on the of photosynthesis. Judging the sensitiv- 
ity of stomatal to (Fig. 12), a 

stomatal of photosynthesis is also ex- 
pected. mesophyll to be 
at least equally to stomatal 
ditions of high 
(Leach, an effective of  pho- 

has to be expected. On a 
basis, the net assimilation was not signifi- 
cantly with plant status 
1984a). 

The  respiratory losses 

About 20 to 30% of the fixed at 
light  intensity  is lost 
senskaya et al., 1974), while to 

at (15 to 20% of the maximum daily 
of photosynthesis; Sale, 1977). have 

been by (1974), who found that of the 
total fixed 24 h,  about 50% was lost 
ing the 14% the 
and 5% the following The 

sensitivity of with the avail- 
able values of Qlo of about 1.8 at high 
and of 2.1 at low contents and Elston, 
1978). 

- 82 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



The  allocation of assimilates 

The of the photosynthesis 
via the phloem sieve tubes and Es- 

1974) away the 
leaves sinks. The evidence 

of assimilates is 
(1974) found that the youngest 

photosynthesizing leaves fed mainly the stem apex  and 
the  newly expanding leaves, while  most of the assimi- 
lates the basal leaves went to the and the 
stem. basal leaves 
found to while the apical leaves 

et al., 1981; 
mail, 1984). These show that is 
tional along the stem the 
sinks, namely leaves addition, a 

amount, between 10  and  50% of the plant's 
photosynthates and Lloyd-Jones, 1980) is 

in  the  stems  (Tamaki  and Naka, 1958, 
1959; and 1981). The of addi- 
tional sinks pods) in- 

competition assimilates flow- 
At the initial stages, the 

cated mainly to leaves, stems  and 
a of 
et al., 1978; and 1980; 

et  al., 1988). then amounts of 
assimilates move the leaves the 
pods. is no between the 
leaf  on  a node and the pods on the same node. 
Thus,  leaves photosynthates to above 
and  below node et al., 1981).  A  consid- 

mobilization the stem and 
takes place and et al., 
1984). The of the stem as 

of assimilates has been emphasized in 
studies to be 

the photosyn- 
thetic  activity is 1984a). is 
mentioning  that continue to behave as sinks a 

since 
fixation is also maintained at high levels 

et al., 1976; et al., 
1978). of assimilates nodules is 

than seed et al., 
1988). The of the allocation of assimilates 

in Fig. 7. 

conclusion, young and  young  pods 
sinks assimilates in to plant 
in plant types. the 

consequences of a possible of assimilates  at the 
initial stages of and podding 

on the This is examined in 
detail below. 

60- 
E .- 
O 

Leoves 

Seeds 

E O 40- pods 

- Stems 

Roots 

L 

A 6 C 

Fig. 7. The at of labelled assimilates 
at times development. 

(A) At the beginning of At the end of 
(25 to 30  days (A)). (C) At pod 
(60 days (A)). 

taken 70 to 80 1983, based on 
data et al., 1978). 

The  loss of reproductive  organs 

The of pods plant is one of the least 
stable, yet one of the most seed-yield  compon- 
ents 1982). All known have shown that the 
total of initiated is always substantially 

the eventual of 
ity. is, to the of 
the  mechanisms involved in and  pod and 
the affecting them. 

do not seem to be 
the involved in 
Chapman et al., 1979; Smith, 1982; 1986). The 

of assimilates, anatomical of the vas- 
system  and likely to in- 
and play the in the abscission of 

ductive the 
both within  and between most likely 
to 

and  pod in the 
as well as in  the basal of each (Fig. 
8). This means that at 
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distal positions on the weak sinks assimi- 
lates at the time of the intense competi- 
tion. the of sinks, such as the 
stem apex and the basal 
pod-setting nodes (Chapman et  al., 1978; 

et al., 1981). using  14C0, have 
shown that shed pods and contain the smallest 
amounts  of 14C and 

of faba beans to 
inhibited pod fall and Schilling, 

1983). We conclude, that of assimi- 
lates is the main cause of 

This becomes acute the distal flow- 
because of the definite anthesis of the 

basal within attention has 
been paid to the of the bundles in 
the Smith (1982)  and Gates et al. (1983) 
found in the basal of a 
ceme to have a supply, while the 
above it was linked to successive apical by  a 
dichotomously system. 
such a system would minimize the 

supply of assimilates to the distal 
the of vas- 

bundles as unlikely to be a yield-limiting in 
faba bean 1986). 

- 

The of plant may  well  be of 
in the loss of 

localized change in the balance of the plants, 
caused by the intense competition 

assimilates, may act as  a signal to induce the abscis- 
sion in and  pods. a in 

Fig. 8. of individual and h i t  
to position on the plant. The blocks  show 
the of seeds by successfully mat- 

pods. The shaded pods that set 
but failed to complete development. The stippled 

that failed to pods 
1983, based on data of Sadjadi). 

the of auxins, and  cytolcinins 
was in the of intense shedding 
(El-Antably, 1976a,b) accompanied by an in 

and 1978; et al., 
1986)  and ethylene 
1975). Extensive has been done in 

to examine the effects of exogenously applied plant 
on the intensity of and  pod 

shedding see El Fouly, 1982; and 
1983). The obtained, due 

to the combinations of substances and the tim- 
ing of application, indicative of  the complexity of the 

The loss of 
by which the competitive bal- 
ance between vegetative and 

and  pod (El Nadi, 
1969; 1972), especially in the 
the distal positions of the and this is not 

to a lack of 1972). Excessive 
a effect (Smith, 

1982; El et al., 1980). both cases, an 
in the endogenous ethylene is (E1 

1975), is 
in the plants. On the hand, 

high levels availability at the beginning of flow- 
can induce vegetative and the 

shading of the nodes, thus inducing an extensive 
abscission (Smith,  1982). and  pod 

also enhanced as density 
and 1956; 1973), because 

of the mutual shading of foliage and  the 
competition also 

to play plants at a of 26 OC 
day/l6 O C  night newly and  pods 

easily than plants at a 16O/16 OC 
et al., 1981). The of leaf  senes- 

cence caused by the might be 
ponsible this  phenomenon. 

Mineral  nutrition 

Faba beans less self-sufficient 
not fix 

80 to 90% of 
1979; et al., 19b7). The fact that of 

leguminosarum in 
soils minimizes the necessity 

have shown little no of faba beans to 
applications a see et 

aZ., 1983). is the examination of the  ef- 
fects of on nodule and 
function. a definite negative effect 
on fixation by the of  develop- 
ing nodules plant 1972). fact, the maxi- 
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mum activity is on soil field capacity and 
falling with the onset of visible wilting in the 

leaves (Fig.  9). 

and 
1978);  the same also applying to 

is of 10 to 15 OC (20 to 30 OC 
15 to 25 OC) although fixation still 

at 2 40 OC 1971; Fyson, 1981). Finally, 
a in the photosynthetic activity (by shad- 
ing, loss of foliage, etc.) in a amount 
of assimilates available to nodules  with  a concomitant 

in nodule activity. 

Field studies using 15N have the of 
plants at developmental 

stages 1984). 
ing, leaves and the plant  apex act as 

N than the of the plant. 
filling, pods the of  N. 

amounts of vegeta- 
tive to pods:  about  85% in the flow- 

about 50% pod-filling to 
ity. the amounts of N the 
vegetative to the also  depend to a 
extent on the 

the longevity of the foliage et al., 
1981). At low leaves senesce slowly, 
bilization of is and plants 

the soil. 

O 

O 

O 

o o  o 
O 

1c O 

P 
\ 

- .  
O e O 

O 

/ / .  J .  
0.10 0.15 0.25 

soil water content (g.g-') 

Fig. 9. 

soil 

1972). 
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The of is CO,- 
fixation in the 

leaves (Avdeeva and 1974). 
is vital vegetative 

et al., 1977), 
and nodulation (Wilkinson, 1956; Tamaki and Naka, 
1971), and  synthesis of 

shows close as 
the of to the 

1941; et al., 1977). 

affects CO,-fixation positively by inc- 
the activities and efficiencies of 

matic systems  involved in photosynthesis and 
1978). is also  associated with of 

N-fixation  by the 
duced supply to et al., 1974). 
is in the vegetative espe- 
cially in the stems, and  does not to be 
to the seeds to the extent 
et al., 1977). 

Plant water relations 

As has been emphasized, the influence 
age on the of faba bean is quite decisive. this 
section, special attention is paid to the of the 
plants, in to detect some adaptive mechanisms to 

the of the plants when 
conditions. 

Faba bean is a  typical  mesophyte  with  thin cell walls 
and fully vacuolated  mesophyll  cells. the tis- 
sues behave like (û) 
being only by  the solute (4s) 
(+p) A 

the of the 
of faba bean by including some tissue 
et al., 1976; and Elston, 1976; 
1978b, 1981) has the following: is 
a systematic fall of the solute potential at 
(+so) in plants conditions. This is 
indicative of a  mechanism of osmotic adjustment  which 
enables plants to at negative  values 
of soil Secondly, the elasticity of the cell 
walls in plants thus maintaining 
cell (+p) as high as possible a given 
loss. This  modification of cell elasticity is unlike 
that in plant species 
(e.g., cotton, 
conditions a see con- 

with +so, the changes  in cell 
to the daily fluctuations of de- 

mand and easily on the of 
We conclude, that faba bean plants 

adapt to by means  of  a  mech- 
anism of osmotic  adjustment. This can also  be seen 
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J Y 

1 8 

Fig. 10. The between content (+p), and solute (+S) potentials in one wet 
(a)  and one (b) season. medium and 
The lines show  the fitted 1978b). 

1 

Fig. 11. The between (E) 
and  leaf and soil (íisofi) potentials. (a) E vs. 
iì. (b) E vs. iìsofi. a  wet  (open symbols) 
and  a (filled  symbols). The fitted 

also shown 1980). 

the between û and content 
of faba bean in one wet and one season (Fig. 
10). The between û and in 

indicates that plants 
tial in to sustain the 

this is achieved by  means  of  a 
intense in +S caused by osmotic adjust- 

ment.  On  the hand, the slopes of the between 
+p and the same. both indi- 
cating that cell was maintained at values high 
enough the continuation of most physiological 
esses. despite the obvious tendency os- 
motic adjustment, we  must keep in mind that the lowest 
value of +so in the two seasons fell below  -2.0 

a value substantially than those found in 
wheat, and cotton (less  than  -2.3 a 

see 1984b), meaning that the possi- 
bilities osmotic adjustments in faba bean 

in to these plants. 

loss is effectively by 
soil plant status (Fig. 11). The stomatal 
of is at values of íì 

below -1.2 (Fig. 12; cf. also 1973).  As 
+so, this value of 0 stomatal is 

than  those in 
plants (e.g. -2.5 in wheat, -1.7 in maize, -2.2 

in -2.5 in cotton; a see 
1979; 1984b). faba 

bean plants can escape by 
tion easily  than plants, but at the ex- 
pense of a concomitant in of photo- 
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synthesis. amounts 
of lost the leaves via a 

to the leaves of 
1975). 

Faba bean plants depths not ex- 
ceeding 80-90 et al., 1973; 

1982). Although high soil contents 
optimum development 

(Jones, 1963), of the soil lay- 
(El Nadi et al., 1969; 

should be that 
at a given value of soil 

potential  is  much in soil 
nos, 1980; and 1986). This might be 
due to changes in about by 

soil compaction  and  mechanical impedance to 
extension in these as well as to possible ef- 

fects of it follows that it is 
ant to avoid desiccation of the soil 
in to an supply to plants. 

Synopsis and suggestions 

Among the limiting the effi- 
ciency of faba bean usual in 

beans mainly culti- 
vated as a The of 

usually in the cultivation sel- 

W 

m 
0 

I 'yq 1" 
) I 

-1.5 -1.0 . . - 0.5 'O 

Fig. 12. The between potential (sc212) 
and stomata1 faba 
beans unpublished  data). 

dom exceeds the optimal limits the of faba 
bean. the above it follows that: 

- The size of  the foliage is closely 
the of assimilates, 
and  yield. The of foliage 

to is 
the values of the efficiency of 

of to in 
13). 

- The of to 
gans is by an intense competi- 
tion between  them  and  the vegetative this 

in and  pod The balance 
of assimilate supply  among the is 

sensitive to especially 
to 
soil has to be maintained at 

extensive vegetative induc- 
ing The of culti- 

able  to plant 
be a possible way  of 

tackling The to the in- 
by 

plant to be 
successful, so genotypes  ex- 

hibit yields  than the 
nate because of photosyn- 

400- 

300 
E 

- 
hl 

W 

5 200 
- 

100 - 

O 

O S ln?) 200 

Fig.  13. The between the 
faba with the cumulative 

cepted  photosynthetically active 
development. a wet med- 
ium and The 
slopes of the fitted 1.70 the 
wet  and the medium,  and  1.20 the 
indicating a efficiency of utilization in 
the case. 
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. thetic nodes plant and 
of 

assimilates 
(Austin et al., 1981; et al., 1984; Saxena et 
al., 1986). the field of geno- 
types with independent supply to each 

a believed to alleviate the 
competition among within a (Gates 
et al., 1983), is (Saxena et 
d . ,  1986). should be emphasized, that 

is in in 
to eliminate the of these 
new plant types. addition, the to the 

balance of the plants in of the 
still continues, despite the ob- 

difficulties and the complexity of the 
lem. 

- A high of assimilates is lost 
especially when 

than 10 to 15 These 
losses may well become a at the be- 
ginning of when competition 
is at its maximum. Thus, high  day night 

at this stage may be an en- 
hanced and young pod 
less, high seldom 
this 

- The available mechanisms of 

plants,  especially 
could be faced by using geno- 
types, and, possible, by Faba 
bean to by 
biological and  economic  yields 
and Legg, 1983). Adequate levels of in- 
dispensable the of assimilates and 

allocation to the unimpeded 
and development, fixation and 

plant 
and high yields. timing has been the sub- 
ject of many and 
views have been a 

et al., 1986). that the maintenance 
of levels plant 
life is high  yields. is essential 
in the vegetative phase to plant 

and of buds; it is 
equally essential in to 
a supply of assimilates to the via 
an extensive and  long- lived foliage 
1984a). 
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