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Ecophysiology of annual  legumes 

A. Pozo’ and J. Aronson2 
‘Facultad de de Concepción, Casilla 537, Chillán, Chile 

1919, de 34293 cedex 5, 

Summary - We and analyse some of the main  ecophysiologica1 found in annual 
legumes in and ecological to the affecting development, 

and  and in Type Ecosystems. We also give some  examples of 
specific that  need to be talcen into account  when disseminating annual legumes 

long soil 

Trifolium, Ornithopus, Biserrula, 

- Les principaux attributs écophysiologiques des léggllmineuses annuelles sont analysés en tant que 
réponse évolutive et écologique nux facteurs environnementaux affectant leur développement, leur reproduction 
et leur survie dans les écosystèmes nzéditerranéens. Quelques exemples de différences inter- et intra-spé@ques 
sont proposés  pour être pris en compte lors de l ’introduction de la dissémination de légumineuses annuelles 
pour l’amélioration pastorale, la réhabilitation des parcours, le contrôle de l’érosion ou la restauration des 
sols. 

phénologie de la reproduction, dureté des graines, taux 
de croissance relatif 

ecosystems plants exposed to 
as the of with  abiotic like (especially  low  and  high 

excess insufficient soil availability (i.e., logging and 
soil acidity salinity, and deficiencies. also play a 

in plant ecology and evolution in these including plant-plant 
(e.g., and competition, shading), impact 
(e.g., insect defoliation, mutualist kinds of with fungi, 

Like all plants and  animals in the 
plants  must also cope with hghly seasonal and a of climatic 

these conditions, being  an annual has many  advantages, 
especially in the itself, annuals may be something of a 

‘speciality’, often constituting half the vegetation they 
amount to than one-tenth the 1973; and 

1999). the and abundance of annuals in the 
is to the long of as  pointed out by many 

it  is not how many and segetal - 
especially the of the adjacent steppe the East - 
have successfully colonized Chile and, to a extent, south the 
Cape of South Among these one 
is any enthusiasm:  the  annual, legumes of  high 
value such as Trgolium and many addition 

223 

CIHEAM - Options Mediterraneennes



adaptations allowing of example, these annual 
legumes also have capacity to ‘capitalize’ on intense of 

availability and such 
conditions. 

annual legume species can conveniently be 
as  a single “functional in fields species with 

to a  given and having a set of common biological (and physiological) 
that with and fitness et al., 1998). 
they do of in many ways, including to a  given 

among species and even accessions of a given species. this 
we analyse the main ecophysiological of annual legumes and 

some of the that affect development, and 
allocation with special emphasis on conditions found in We will also give 
some examples of that need to be taken into account when 

disseminating annual legumes 
long soil 

Plant  development  and  adaptation  to  seasonality  and  unpredictability 

in 
addition to 

of is in 
in to the of the 

et al., et ab., 
(LÆ that 

is annuals,  including 

Cocks,  1996). 
Also the of in in false 

of of seeds  which  then  die  in  the  absence of 
annual  plants. To cope this annual  legumes  show  high  levels 

the of 
is to populations; 

of seeds  leading to 
to be 

individual  species in 
of in fluctuating 

of on the capacity of plants to 
cycle, in to of seeds in 
seasons in what is commonly  called  a  seed-bank. 

Seed  dormancy 

the fact that mechanisms and components of seed have been 
in legumes, (seed coat and 
(i.e. the of seed to at high when is adequate) 

the most ones in legumes. 
of the seed coat to imbibition. This develops seed 

and is both genetic and is by 
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the influence of fluctuating that 
the seed coat to 'soft' seed (Jansen  and 1995). 

Newly seeds of annual legumes have high levels of but the of 
seed softening field conditions species 
(Table 1). example, seed softening in Trifoliurn  subterraneuvn and T. 
isthmocarpum, but the opposite is in Ornithopus compressus and Biserrula pelecinus. In 
annual medics spp.) and T. subterraneuvn, the of seed softening 
depth of and Ewing, 1996); in O. compresus and B. pelecirtzts 
softening at 2 cm depth  than at 6 cm et al., 1998; Loi et al., 
1999). seeds of annual  medics  and can as seeds 
up to 12 without significant loss of viability, in this way seed longevity and 
legume population and Ewing, 1996). 

Table 1. of studies weight seed and  seed softening of annual  legumes 
field conditions. 

Species N" of Weight (%) 
accessions seed 1 2 

Littoralis 

Orbicularis 

Scutellata 
Truncatula 

Trifolium 
Angustifolium 
Argutum 
Cherleri 
Clusii 
Clypeaturn 
Gladzdiferurn 
Lappaceurn 

Obscururn 

Subterraneum 

Biserrula 
pelecinus 
Ornithopus 

1 
4 
1 

34 
l 
l 
4 
8 

1 
1 
2 
1 
l 
2 
1 
1 
1 
1 
2 
1 

4 

1 

2.2 
2.3-3.0 

2-6.6 
3.9 
7.6 

15.0-17.7 
2.9-4.5 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
9.8 

0.8-1.6 

3.5 

98 

98 
81-99 

95 
96 

95-98 
93-99 

98-99 

91 
84 

98 
87 

98-99 
95 
90 
93 
73 

85-86 
98 

93-96 

99.0 

98.0 
96-98 

33 
17-45 

50 

75 
0.5 

5-30 
20-60 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
10 

82-97 

84-92 
compressus 4 1.7-3.0 . - 35-50  (4) 
(1): Lloyd et al. (1997);  (2): Loi et  al. (1999);  (3): Noman et al. (1998);  (4): et al. 
(1998); (5): Avendaño et  al. (1993);  (6) (1996); n.a.: not available 

- 
- 
85 

30-93 
- 
- 
- 
- 

9 
44 

30-47 
78 
45 

66-73 
70 
0.6 
56 
32 

13-23 
- 

- 

- 
- 
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has  been  detected in species of Trijoliunz (Jansen and 
1995; et al., 1998). This is an that seeds 

exposed to of 30-40 "C. this of  high seeds imbibe 
but fail to even though the same seeds when subsequently placed at 15 
"C (Jansen  and 1994). has been suggested that this type of seed could play a 

in seed in the case of false (Jansen and 1994). 

Seed  germination 

Once seed has been down and soil has the 
and of seed depends on The between seed 

has been studied annual legume species, including 
edible legumes (e.g. Covell et al., et. al., Jansen 
and 1994; et al., 1998). A simple  mathematical  model  has  been  developed  to 
analyse the 

this model the of days-')- defined as the 
of  the time to a of -, with 

is 
this is et al., 1982;  Covell et al., 

et al., as follows: 

l/t = a + b T   T b < T < T o  (l) 

this  model -ah l/b is time (el, "C 
in l/t until 

the is et al., 
1982; et. al., 1990). 

To 
of of 

to 22 "C, 
30 to 40 "C (Covell et al., 1986 

et al., 1998 

Flowering  time 

As of 
of annual 

et al., is delayed 
when  daylengths 

The influence of in 
leguminous  taxa  including spp. et al., 
1999a)  and Trijolium. spp.  (Evans et al., 1992). 
The to 
(l/f) - to (f) - 

(T, "C) day-') et al., 1991;  Evans et al., 
1992; et al., to the equation: 
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l/f = a' + b'T + 

a', b' and c' constants specific to each et al., 1991). 
Studies of to eight 

of Tri$olium subterraneum (Evans et al., 1992), and nine 
accessions of polymorpha collected a climatic in Chile 

et al., in time. addition, in 
both studies the b' and c' of model among accessions, indicating 
the existence of sensitivity to both 

genetic studies to elucidate these 
amenable to utilisation 

Growth and allocation 

Legumes  usually have in 
1992; et 

al. to 
of photosynthesis,  especially  at  high light of 

of  legumes 

of 28 
12 legumes (all of 

d-' in a 
of 27  annual  species of in 

than  the 12 
that the 

(i.e., use efficiency, NUE), is in legumes 
than in C3 in 
exist  between the the 

of et al., 
1999b). 

to et al. 
1991) : 

= X (3) 

is a'). 
have 

shown  that into 

(4) 

total 
N 8  is to 

mol N a'). 
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Although these 
it does  seems  that  legumes have 

is equal to C3 
2). in 

of in 2). 
This to use 
i.e. the et al., 
1995). In to in legumes  than in et al., 1999b). 

in legumes  may have to do with  a  high 

et al., 1999b). 

Table 2. 
and its components in annual C3 and legume plants. and 

the leaf and leaf (see text definition 
of et al. (1999b). 

Species 

rninima 2.70 0.055 19.8 0.66 30 
Vicia faba 3.00 0.031 10.3 0.38 27.2 

(mm01  N g-l) (g g-’  d-’) (g mol-  d ) (mol mol-’)  (g mol d ) 1 -1 -1 -1 

Brornus madritensis 1.94 0.061 30.6 0.5 1 60 
Triticurn aestivum 2.61 0.070 26.8 0.3 1 85.3 

Concluding  remarks 

we suggested that despite annual 
legumes could be as  a single “functional when to annual 
C3 but of annuals, e.g., this 

to hold up. detailed studies of specific to specific 
to test this idea both in and, especially, in mixed we 
have also given examples of that can be useful when 

disseminating annual legumes 
long soil example, 

to and in Trijiolium subterranezwt and 
polyrnorpha accessions showed in time, which is a of 

to management in seasonal, highly 
such as most is found in seed components 

is  needed on genetic components of 
and in to conditions and,  of 

of selected ecotypes field conditions. 
one is to develop 

mixtures of species and accessions combined use. this way,  as et al. (1996), 
et al. (1999b) and have emphasized, it should be possible to chances of 

high and at least some of seeds of the and 
of the 

228 

CIHEAM - Options Mediterraneennes



of the 
concept. 64:  17-28. 

A., Ovalle,  C. of 
polymorpha in of  Chile. 

J., J. (1999). Biology and  wildlife in the region. 

in 
annual  medics spp.). Aust. Agric. 26 : 831-838. 

medics. Amt. J. Agric. 30:  909-916. 
Covell, S., The influence of 

Bot., 37:705-715. 
CarbonAJitrogen in Cereals and Legumes. Thesis, 

of 
S. of base 

of Agric., 23:  21-30. 
J. to 

in ecotypes of polymorpha L. along  an 
in Ann. Bot. 

A., E., J. in annual C3 
Acta 

Oecologica (in 
J. (1990).  Use of 

in faba bean. J. 41:  1423  -1430. 
T., Cocks, in annual legume species on  an 

Vegetatio, 122:47-59. 
Elias, C.O., Chadwick of grass 

potential Appl. 16:537-544. 
of 

of Aust. Agric. 43:1547-1558. 
Fox,  G.A.  (1989).  Consequences of in a 

70:1294-1306. 
of in Amer. J. Bot., 

of 
millet typhoides S.& J. Bot., 33: 288-296. 

E., Vancaeyzeele, S. (1994). of 
Cell 17:399-407. 

E., Gobin, O., (1995). 
use the plant. Ann. Bot., 76:667-672. 

F., G., A., J.J. (1991). 
%N of field Ann. Bot., 67:181-190. 

of Trifolium balansae and 
Trifolium resupinaturn to Aust. 

45:  689-701. 
loss of of 

Trifolium bnlansae and Trifolium resupinaturn Aust. J. 20:  248-256. 

77:  1508-1518. 

229 

CIHEAM - Options Mediterraneennes



S., Clément, 
in Acta Oecologia, 19:  227-240. 

Le J. Arid 
7: 213-247. 

of  seed  softening  and 
of in 
Aust. J. Agric., 37:  767-778. 

Loi, A., the of 
softening in Beserrula pelecinus L., Ornithopus compressus L.,  and Tr$olium subterraneum 
L. seeds. Aust. Agric. 50:  1073-1081. 

(1994).  Legumes and the of 
lifestyle. in: J.J., (Eds.), Advances in Legume Systematics, Vol. 5: The 

pp. 211-228. 
T. , of the  seed  size 

in Funct. 7: 591-599. 
J., J. (1995). The influence of elevated CO;! on 

of 
Global Change Biol., 1: 325-335. 

Aust. J. Agric. 49:  973- 
982. 

E., L., A. (1996).  Climatic  adaptation in 
92:39-44. 

The the softening of 
of some  legume  species. Aust. J. Agric. 36:  119-144. 

of 
Origin and Structure. di 

of 
seeds of in of Aust. Agric. 49:  673- 
685. 

induction of In: The Vegetable Crops. 

of in six The  development of 
Agric., 27: 11-3 1. 

Aust. Agric., 36:  145-150. 

polymovpha L. Aust. J. Agric. 47:  575-586. 

(1996).  Effects of on seed  softening in 

of autumn  seed  softening  within 

230 

CIHEAM - Options Mediterraneennes


