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- to yield and  yield stability in faba bean the  sustainability of 
soil in systems.  Optimizing fiiation in the the to 
into systems which include this legume. to the of plant the faba 

symbiosis must take into account effects of both and 
selection of genotypes N, fixation has been to only a limited extent, but holds 

utilization of soil N by  the  plant. addition, in total N and yield inoculation with 
selected strains in field studies indicate that N, fixation may be by manipulating the symbiosis the 

component. The potential of these two possible combinations, discussed. 

- "Amélioration  de  la fixation de N, chez  la fève: inoculation  de et  nutrition  azotée'*. Les efforts pour 
augmenter le rendement  et  sa  stabilité  dans  la  culture  des fèves devraient  conplémenter  les  études  qui  visentà  améliorer  la  fertilité 
durable  du sol dans  les  systèmes  agricoles.  L'optimisation  de  la fixation de  la  molécule  d'azote par  la culture  offre  la  possibilité 
d'augmenter les apports  d'azote  dans les systèmes oit cette est  cultivée. Les efforts pour  accroître  la  proportion  d'azote 
végétal  provenant de la  symbiose doivent  tenir  compte  des effets de  l'hôte,  du  microsymbiont  et  de  leur  interaction. 
L'amélioration  et  la  sélection  de  génotypes pour une  augmentation  de  la f ia t ion  de N, n'ont été  étudiées  que  de façon limitée 
mais  semblent  prometteuses en vue d'une diminution  de l'utilisation de  l'azote  du sol par 
l' azote  total  de  la  culture  et  du  rendement par inoculation  de  souches  de améliorées  dans  les  parcelles  d'expérimentation 
montre  qu'on peut améliorer  la fixation de N, en manipulant la symbiose à travers les composants  des  rhizobia. Les asantages 
et  les  limitations  potentielles  de  ces  deux  approches  et  leurs  combinaisons  possibles  sont  examinées. 

Introduction 

Faba bean (Vicia faba L.) is high 
of the 

often in with  wheat. to yield  and 
yield stability of faba bean  should complement 

the sustainability of systems, 
of soil The ability of  the to 

fix as well as to assimilate soil 
N, the to balance 
in with input the 

to maximize N, fixation in the Vicia faba 
symbiosis, both host and 

must  be The plant is commonly  manipulated 
and past successes of plant 

imply that established methods can be used to 
the yield of biologically fixed manip- 

ulation of genetic in the legume cannot be sepa- 
the played by genotypes. 

genetic components  of in N, fixation 
must be (a) effects of host genotype, 
(b) effects of and  (c) specific 
effects of host X et al., 1977). 

soils faba bean is contain high (102 
1988), 

in symbiotic capability 

Manipulation of host  legume 

Two 
the N,-fixing in faba 1984, 
1988). The f ist,  to symbiotic campe- 

~ ~ 

- - n.O 10 - 1991:  97-103 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



tence, should be applicable to both plant 
genotype, but the most may be the plant. 

establishing and maintaining new 
as components of systems known  and 
successful; this is not populations in 
soil, especially native population must 
be displaced. 

The between the quantities of N, 
fixed and total N yield in the 1986; et 
al., 1988; et al., 1983) indicates that limitations in 

fixation may be a function of photosynthate 
availability of bet- 
ween fixed and soil is no limit in 
the efficiency of the native population 

1988), good X in- 
will not be effective. this case, 

plant selection yield in locations 
soil N should be  a successful metho- 

dology N, fixing ability. 

populations in effectiveness 
with location and 1986), development of 

effectiveness would necessitate 
ing plants against a of but definition of 
a population may a 
lem. et al. (1977)  adapted  a  method of joint 

analysis commonly used to genotype- 

in This al- 
lowed some 
and identified plant genotypes which  had symbi- 
otic capability with  a limited 

investigations with faba bean, a  low 
level technique was  used to evaluate genetic 

of 10 locally-adapted di- 
fixation in two 

soils et al., 1988). All genotypes well 
nodulated by the  indigenous populations, 
which abundant in the two soils. The 
of widely, with of plant ni- 

fixation 40 to 77%  and 
quantities of N, fixed between 16 and 171  kg N/ha 
(Table 1). These include effects of 
plant genotype, the of se- 
lected the hosts out of the native population and the 

selectivity do 
not mean selection of the most effective 

available. Unknown, 
cause difficul- 

ties in N, fixation. A 
method of these population 
effects is to find plant genes gene combinations which 

good phenotypic of fixation 

Table 1. Characteristics  of  faba  bean  seed  from  two  field  locations,  that  relate  to  yield,  quantity  of  biologically 
fixed  dinitrogen  and  soil  derived  nitrogen (1982). 

I T Location 2 Location 1 Name of 
genotypes 

t T F T T 6 15N N N 

T Fixation % Fixation % 

1. 370 

3 1.2 10. 
36.2 9. 196 
32.0 8. 319 
34.8 7. 
30.7 6. 316 
35.0 5. Ascott 
34.4  4. 127 
37.4 3. 
28.8  2. 40 
30.7 

3.9 0.05 
33.1 

t/ha 

1 .O7 
0.67 
1.12 
1 .O9 
1.49 
0.59 
1.33 
1.13 
1.10 
1.50 

1.10 
O. 14 

Soil 
kgba 

t/ha Soil 
kgha 

% kgha % kgha 

14.9bca 
14.7bc 
9.9ab 
7.la 

13.26~ 
18 .7~  
10.2ab 
13.4bc 
12.2ab 
9.0ab 

12.3 
3.4 

53 
54 
68 
77 
59 
42 
68 
58 
62 
71 

61 
11 
- 

91 
58 

123 
134 
141 
40 

144 
106 
109 
171 

112 
30 

30.6 
27.6 
34.8 
32.7 
35.2 
29.0 
31.9 
27.5 
32.1 
3 1.5 

31.3 
1.4 

0.32 
0.24 
0.39 
0.50 
0.66 
0.23 
0.64 
0.30 
0.54 
0.82 

0.46 
o. 10 

24 .3~ 
31.ld 
16.5ab 
18.8b 
13.4a 
24.9c 
14.5a 
29.9d 
13.6a 
14.8a 

20.2 
2.5 

53 
40 
67 
63 
73 
52 
71 
42 
62 
71 

61 
5 

27 
16 
42 
51 
77 
19 
72 
21 
62 
93 

48 
10 

24 
22 
21 
29 
29 
18 
30 
27 
24 
38 

26 
9 

80 
50 
56 
40 
98 
54 
69 
75 
67 
69 

66 
20 

test  at 5% level of 
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a wide of genotypes, plant 
genes  which  will select the efficient A plant 
selection fixation, with 
selection in sites, 

if  of sufficient 

fixation with uptake of 
N by the plant, investigations into the comple- 

concomitant activity of these two  pathways 
consequence on yield will a plant ideo- 

type N facilitate 
N, fixation. 

Manipulation of rhizobia 

The second method of is to select 
specific adaptation between host and which 

focusses on evaluation of to 
fixation in established 

populations to the  expected in 
that in N, fixing ability 
uted (El -1977),  and  highly effective 

at low may be at a selective disad- 
vantage. is on  this that the 
of legume inoculation is based. places a 

of highly effective in the 
immediate vicinity of the so 
ulation is dominated by the select This 
common  in  many  developed necessitates si- 
multaneous selection of with plant genotypes, 
aimed at a co-adapted inoculation package de- 
signed maximum N, fixation. A potentially use- 
ful would select highly 
effective in N, fixation a wide of plant geno- 
types. 

Using this method at of 60 
collected widely locations against 

six has in selection of five 
highly efficient in N, fixation with all the 

fixation was estimated and total N 
accumulation of plants conditions 

= 0.93, p = 0.001 d.m.  and  total 
N). A pot by 

et aZ. (1977), with investigation of the effects of 
seven taken the same location on 
seven Vicia faba conditions, 
showed that 73.8% of total in N, fixation was 
accounted by host X 

selected in evaluated in a 
field at with 
used as inoculants on 14 faba bean  lines. Culti- 

selected the included lan- 
40, 1722), newly  developed inde- 

pendent supply 6) 
nos. 84-230, 84-239, 84-241), and 

small- and types (Lebanese local small, 
’Giza 4’, ’Giza 402’, local ’Aquadulce’, 
’Seville giant’, blanca’ and 
ulated both uninoculated 

(120 kg N/ha,  application split as 
60 kg/ha at planting and 60 kgha at 
ments. The field contained  1.8 X lo4 native faba bean 

of soil. 

to inoculation above both  uninoculated  and 
N all was significant 

total biological yield, yield  and total 
(Table 2). At the level 

452, which gave significant 

Table 2. of 14 faba  bean  cultivars  and 
5 

F 
88. 

Uninoculated 
420 
452 
481 

120 kg N/ha 
.O5 

6 
40 

Giza 4 
1722 

Lebanese h m .  
Giza 402 

84-241 
F” 84-230 

84-239 
Seville Giant 
Syria local 
Aquadulce 

.O5 

F TEST 

2.95 
3.20” 
3.10 
2.82 
2.92 
0.22 

1.78 
2.02 
3.19 
2.88 
3.38 
2.36 
2.56 
1.98 
2.69 
3.88 
4.10 
3.88 
3.68 
3.55 
0.36 

3.00 

* 
** 
** 

*Signifcant at p = 0.05 
**Significant at p = 0.01 

8.01 
8.3 1 
8.79* 
7.79 
7.97 
0.55 

6.61 
5.54 
8.44 
7.12 
8.57 
6.51 
7.88 
6.71 
8.74 
9.73 

11.26 
9.89 
8.81 
8.64 
0.75 

8.17 

* 
** 
** 

f % N  

2.58 
2.58 
2.64 
2.57 
2.52 
0.09 

2.69 
2.68 
2.50 
2.39 
2.44 
2.69 
2.49 
2.77 
2.51 
2.53 
2.66 
2.58 
2.61 
2.57 
0.15 

2.58 

* 
** 
* 

206 
215 
23  1 
200 
201 

178 
148 
21 1 
170 
210 
175 
196 
185 
219 
247 
300 
256 
229 
222 

210 

* 
** 
** 
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yield biological and N yields the 14 
gave as  much as 82  kg N/ha and 1.4 

t/ha grain yield uninoculated 
(Fig. 1 and  2). This also, N 
yield by 31 kgha and yield  by 0.4 t/ha in 

(Fig. 1 and 2). 
yields to  a extent. The 
to inoculation in high- 

yielding while yields of and less- 
adapted lines changed little with 

yields in 
this while all tested 
ponded positively to at least one of the inoculant 
Though the implies that is not limiting 

yield in faba bean, it may be that the N application 
method  with 60 kg N/ha at planting and 60 kgha at 
mid-anthesis could not fulfil1 N the 

that 120 kg N/ha plus soil N was  not enough 
to the of the and 

may have total N 
ence fixation. 

IO0 

80 

40 

20  

O 

-20 

-40 

Nitrogen  yield  difference (kg/ha) 
* 

to selected suggests that N 
may be by manipulating the symbiosis 
inoculation. of with  a  com- 

Co.) inoculant in Canada 
also yields in field 19 
to 6796, in soils containing high populations of native 
faba bean and 1986). 

to .inoculation will depend to a extent on 
effectiveness of the native populations, and in 
some situations no to selected will be 

1988). 

Measurement N, fixation  and N bal- 
ance 

Quantities of N, fixed in faba but 
it is that of the legumes Vicia faba 
is among the highest in total N, fixed. Estimates of 
of fixation 40 et al., 1988) to 93% 

* 

, Lebanese Reina Seville 
Local Blanca Glan t 

O 

Aquadulce 

* 

Syrian 
Local Lg. 

Strain 462 
120 kg N 

- 

0 . O I  

l 

n 
FLIP VD Policoro 

84-238 

Fig. 1. to in seven  faba  bean 
Tel 1987-88. 
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et al., 1987) of 
16 to 300 N ha 

The most easily to 
of manipulation  on  the  symbiosis, 

inoculation, is N yield. sig- 
nificant positive has  been  found  between total 

” seed  N (kgha) and quantity of fixed N in faba bean  seed 
et al., 1988), using a low level technique. 

in using N yield to fixation high 
levels of soil N, ability of to 

., obtain soil N fixing ability. 

As 15N to NZ 
fixed in chickpea  showed that inoculation significantly 

total as well  as  N fixed in 
482’ (Fig. 3). in  line 83-98, total 
N yield inoculation, but the 

of fixation 
32 to 80%. sequence, this would 

a input into soil of 40 kg 
Nha inoculation. Though yield of the 
in this case  was unaffected, an effect on the following 

is possible. This  phenomenon is 
investigation in  faba bean. 

the most methodology to 
N, fixation  is  the 15N dilution technique, though 

selection it may be too expens- 
ive.  Use  of  a  low level of isotope of the soil 

to be effective et al., 1988), 
saving 15N costs, but the cost of sample  analy- 
ses high. Choice  of a plant may also 
affect of N, fixed, though 

that because of 
et al., 1988), 

et al., 1987) 
adequate faba bean. 

the genetics of  N, fixation in Viciafaba will 
lead to development of a  non-nodulating line which 
could  be  used  as  a  non-fixing 

of  15N methodology  and  allow use of 
the N method. 

1,50 

l 

l 

l 1,oo 

0,50 

o, 

-0,50 L 

Grain  yield  difference  (Mg/ha) Strain 420 
Strain 462 
120 kg N 

Sm. Blanca 
Seville Aquadulce 
Qlant 

Syrlan 
04-239  

LSD 
0.01 

Policoro 

Fig. 2. bean 
Tel 1987-88. 
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120 

I00 

80 

60 

40 

20 

O 

total N yield  (kglha) 

FLIP 

* 

ILC 482 

* m Soil  derived N 

Ca-39  'fixed N 

a-36  fixed N 

m Ca-31 fixed N 

n Uninoc fixed N 

slgnlflcant yleld difference P-0.06 

chickpea cultivars 

Conclusion 

The faba 
bean in the this discipline in the long 

into 
fixation. These 

in the genetic  yield 
potential of the 1987, 
data indicate that show consid- 

fixation. 
that existing 

ection N, fixation, taking into account the 
of X 

be 
of N conditions 

high  total N field 

of high fixation using dilution metho- 
dology. 

The potential N 

to fixed in faba bean. A 
is, 

should be highly effective on all 
petitive nodulation  with  native and  able  to 

in the soil Also, when 
in 

faba bean, it the sensitivity of 
the not difficult 

in quality 
and  extension  education essential to en- 

that the is viable in the 
field. 
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