JOURNAL FUR KULTURPFLANZEN, 70 (5). S. 145-157, 2018, ISSN 1867-0911, DOI: 10.1399/)FK.2018.05.01

VERLAG EUGEN ULMER KG, STUTTGART

Nora Aqtbouz', Wolfgang Link2, Loubna Belgadi’, Lamiae Ghaouti’

Genetic diversity among North African faba bean landraces

The genetic diversity of Moroccan faba bean (Vicia faba L.)
landraces should be exploited to improve the competitive
ability of faba beans against weeds. The objective of this
study was to in-detail evaluate competitive ability and
productivity of a collection of Moroccan faba bean land-
races relative to a model weed, Sinapis alba. Sixty Moroc-
can faba bean landraces and two checks were evaluated
in 2011 and 2013 for grain yield and further agronomic
traits, with and without model weed stress, under field
conditions at two locations in the northwest of Morocco,
using a split-plot design. The landraces showed signifi-
cant genetic variation for productivity and competitive
ability. Several landraces exhibited higher values com-
pared to the two checks. Yield loss attributable to weed
stress was, on average, about 69%; the weed competitive
index was, on average, about 1.28. Landraces x weed
treatment interaction for yield was a highly significant
and marked source of variation. Several landraces were
found to combine high levels of both, competitive ability
against the model weed and productivity.

Key words: Vicia faba L., Sinapis alba L., Weed tolerance,
Weed suppressive ability, Mean productivity

Die genetische Diversitdt marokkanischer Ackerbohnen
(Vicia faba L.) sollte zur Verbesserung der Konkurrenz-

for competitive ability against weeds

Genetische Diversitdt Nordafrikanischer Ackerbohnen-Landrassen

fur Konkurrenzkraft gegen Unkraut

kraft von Ackerbohnen gegen Unkraut genutzt werden. Das
Ziel dieser Arbeit war die detaillierte Evaluierung der Kon-
kurrenzkraft und Produktivitit einer Sammlung marokka-
nischer Ackerbohnen-Landrassen gegeniiber dem Modell-
unkraut Sinapis alba. Sechzig marokkanische Ackerboh-
nen-Landrassen und zwei Standards wurden 2011 und
2013 auf Kornertrag und weitere agronomische Merkmale
untersucht, mit und ohne Modellunkraut, in einer Spalt-
anlage unter Feldbedingungen an zwei Orten im Nord-
westen Marokkos. Die Landrassen zeigten signifikante
genetische Variation fiir Produktivitdt und Konkurrenz-
kraft. Mehrere Landrassen erreichten hohere Werte als die
Standards. Der Ertragsverlust durch den Unkrautstress
betrug im Mittel 69%, der Unkraut-Konkurrenz-Index
betrug im Mittel rund 1,28. Die Landrassen x Unkraut-
Interaktion fiir Ertrag war eine hoch signifikante und
bedeutende Variationsursache. Einige Landrassen kom-
binierten eine hohe Konkurrenzkraft gegen das Modell-
unkraut mit iiberlegener Produktivitat.

Stichworter: Vicia faba L., Sinapis alba L.,
Unkrauttoleranz, Unkrautunterdriickungs-Vermogen,
Mittlere Produktivitét

CI - Weed competitive index; CV - Coefficient of varia-
tion; Mat — Maturity time; MP — Mean productivity; TN -
Tiller number; PH - Plant height; PN(MS) - Pod number
at main stem; PN(SS) - Pod number at secondary stem,;
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PN/P] - Pod number per plant; PS - Pod size; SN/PI -
Seed number per plant; SN/P - Seed number per pod;
TSW - Thousand seed weight; YO - Weed-free grain
yield; Y1 - Weedy grain yield; YL - Yield loss; W - Yield
of white mustard; WT - Weed tolerance; WSA - Weed
suppressive ability

Faba bean (Vicia faba L.) is the most important grain
legume in Morocco. It covers about half of the total food
legume area (191 000 ha) (MAPM, 2015). It is produced
in various traditional production regions for human con-
sumption and animal feed. Despite its importance, the
cultivation of faba bean continues to decline because of low
and unstable yields across environments. Both abiotic
and biotic stresses are the major limiting factors. The
Moroccan production of faba bean is mainly based on the
exploitation of locally adapted landraces (up to 90%) in
traditional farming systems. These landraces have been
maintained according to farmers’ local knowledge for
decades (Sapixi et al., 2002).

Faba bean production is adversely affected by weeds,
especially during the early growth stages (FRENDA et al.,
2013). Weeds compete with the crop for limited resources,
such as nutrients, water and light. They can cause heavy
yield losses and decrease yield quality (NAYLOR, 2008).
Weeds were estimated to cause seed yield reduction in
faba bean of up to 60% (FRENDA et al., 2013; GHAOUTI et
al., 2016).

Farmers in traditional agroecosystems in Morocco very
rarely use chemical and/or physical control options for
weed management. Weeding is very rarely practiced be-
cause of high labor costs (Araoui, 2007). Hence, the uti-
lization of varieties that can tolerate weeds or reduce weed
growth and seed production could, therefore, be a rele-
vant, integrated weed-management strategy (FISHER et al.,
2001; LEMERIE et al., 2001a). The genetic improvement of
competitive ability is an attractive environment-friendly
weed-management option for both low and high-input
cropping systems (CouseNs and MOKHTARI, 1998; DINGKUHN
et al., 1999).

Weed tolerance and weed suppressive ability
Competitive ability of a crop in the context of weed stress
has two components: (1) weed tolerance (WT), i.e., the
ability to withstand the competitive impact of weeds,
demonstrated by minimal yield loss, and (2) weed sup-
pressive ability (WSA), i.e., the capacity to inhibit weed
germination, growth, or reproduction (GOLDBERG, 1990;
JANNINK et al., 2000; ZHAO et al., 2006a; ANDREW et al.,
2015). In the long term, WSA is preferred to WT, because
weed suppression reduces weed seed production and
their levels in the weed seed bank (JANNINK et al., 2000;
ZHAO et al., 2006a). The ideal weed-competitive crop
genotypes are able to produce high and stable yields
under both weedy and weed-free conditions, and possess
a strong WSA (BussaN et al., 1997).

One can select for competitive ability directly in the
presence of weeds or indirectly under non-competitive
conditions, based on secondary traits related to WSA.
A large number of studies have been conducted to
determine the competitive ability of crop species and
the association of crop competitive ability with specific
morphological and crop-growth traits (PLACE et al.,
2011; ZysTrO et al., 2012; KorREs et al., 2016). In crops
such as wheat (Triticum aestivum L.) and rice (Oryza
sativa L.), relationships between crop competitive abil-
ity and plant traits have been reported, e.g., plant
height, tiller number, speed of development, seed size
and leaflet (LEMERLE et al., 2001b; ZHAO et al., 2006b;
SarTo et al., 2010).

Variability among cultivars in their ability to compete
with weeds has been reported in many crops: wheat
(LEMERLE et al., 1996; 2001a; 2001b), rice (JOHNSON et al.,
1998; CAaTON et al., 2003; RODENBURG et al., 2009; SAITO et
al., 2010), corn (Zea mays L.) (ZysTroO et al., 2012), and
soybean (Glycine max L.) (PLACE et al., 2011). However,
very few studies have evaluated the same in faba bean
(GHaouTI et al., 2016) and none has addressed the com-
petitive ability of faba bean landraces against weeds.
Most of the faba bean breeding programs have concentrated
on improving yield, disease resistance, drought tolerance
and resistance against broomrapes, with little consider-
ation given to tolerance to weed stress and to crop’s abil-
ity to suppress weeds.

The Moroccan local faba bean landraces contain a great
deal of genetic diversity for morphological, agronomic
and physiological traits (Sapixi et al., 2002; Sapiki and EL
Bounmabi, 2002; BrLQaDI, 2003). Therefore, the objec-
tives of this study were (1) to evaluate the weed compe-
titive ability of Moroccan faba bean landraces and (2) to
identify superior local landraces that are suitable for direct
use on farmers’ fields and/or for use in breeding pro-
grams.

Plant materials

The plant material used in this study included 60 faba
bean (Vicia faba L.) accessions collected directly from
farmers of the province of Taounate, one of the main
areas of cultivation (30% of the total grain legume area)
and production (35% of the total grain legume produc-
tion) of faba bean in Morocco

(MAPM, 2015) (Table 1). Two registered varieties (Agua-
dulce and Fouila Defes), commonly used by farmers in
Taounate because of their relatively high level of perfor-
mance (grain yield), were used as checks. The 60 faba
bean accessions represented local populations; the two
checks were inbred lines. White mustard (Sinapis alba L.)
was used as a model weed to standardize and control the
distribution of weeds in the field. This cultivated crucifer-
ous species is related to the wild species Sinapis arvensis,
which is among the major weeds in faba bean grown in
Morocco (Tana, 2001).
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Table 1. Origin and seed characteristics of the 60 faba bean local landraces and the two checks (Aguadulce and Fouila Defes)

Nr Entry Origin Seed colort TSW (g) §

Village Commune 5

=

[

1 Pop.25 BouAouad AinAicha B 1280 =

2 Pop.9 BouAouad AinAicha B 1460 m,

3 Pop.6 Jyahna Bsabsa B 1300 o
4 Pop.10 Jyahna Bsabsa w 1280
5 Pop.14 Jyahna Bsabsa B 670
6 Pop.42 Kbib Bsabsa B 1470
7 Pop.57 Kbib Bsabsa B 1350
8 Pop.52 Kbib Bsabsa BV 1220
9 Pop.55 Kbib Bsabsa B 1570
10 Pop.38 Kbib Bsabsa B 1480
11 Pop.36 Kbib Bsabsa W 1240
12 Pop.18 Massakin Bsabsa w 1470
13 Pop.1 Massakin Bsabsa W 1220
14 Pop.13 Rkbet EI Mal Bsabsa w 1190
15 Pop.16 Rkbet EI Mal Bsabsa B 620
16 Pop.12 Houara Mezraoua B 1290
17 Pop.60 Hrarcha Mezraoua B 1520
18 Pop.47 Hrarcha Mezraoua B 1150
19 Pop.44 Hrarcha Mezraoua B 1330
20 Pop.22 Oulad El Ghoul Mezraoua B 1280
21 Pop.58 Oulad El Ghoul Mezraoua B 1220
22 Pop.33 Oulad El Ghoul Mezraoua B 1330
23 Pop.53 Oulad El Ghoul Mezraoua B 1330
24 Pop.15 Bhahda Oulad Daoud w 1520
25 Pop.5 Bhahda Oulad Daoud B 1570
26 Pop.54 Bhahda Oulad Daoud B 1370
27 Pop.56 Bhahda Oulad Daoud W 1360
28 Pop.43 Bhahda Oulad Daoud B 1420
29 Pop.2 Bhahda Oulad Daoud B 1560
30 Pop.40 Oulad Daoud Oulad Daoud B 1400
31 Pop.51 AinKchir Ourtzagh B 1170
32 Pop.31 Bab zriba Ourtzagh B 1350
33 Pop.45 Bab zriba Ourtzagh W 1110
34 Pop.50 Bab zriba Ourtzagh w 1260
35 Pop.37 Bab zriba Ourtzagh wv 920
36 Pop.21 Bab zriba Ourtzagh B 1260
37 Pop.34 Bab zriba Ourtzagh B 880
38 Pop.30 Bab zriba Ourtzagh B 1200
39 Pop.59 Bni Hlal Ourtzagh W 1250
40 Pop.26 Bni Hlal Ourtzagh B 1570
41 Pop.27 Bni Hlal Ourtzagh B 1430
42 Pop.4 Bni Hlal Ourtzagh W 1340
43 Pop.32 Bni Hlal Ourtzagh B 1260
44 Pop.39 Bni Hlal Ourtzagh B 1270
45 Pop.48 Bni Hlal Ourtzagh B 1350
46 Pop.3 Bni Hlal Ourtzagh B 1560
47 Pop.28 Bni Hlal Ourtzagh B 1500
48 Pop.49 BniMoumen Ourtzagh B 1450
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Table 1. Continued

Nr Entry Origin Seed colort TSW (g)
Village Commune
49 Pop.8 BniMoumen Ourtzagh B 1480
50 Pop.41 Jouidar Ourtzagh B 1220
51 Pop.46 Kodya Ourtzagh B 1180
52 Pop.24 Kodya Ourtzagh W 1080
53 Pop.29 Kodya Ourtzagh B 1070
54 Pop.35 Kodya Ourtzagh B 1210
55 Pop.17 Kodya Ourtzagh w 1260
56 Pop.19 Kodya Ourtzagh w 1200
57 Pop.7 Mrouj Ourtzagh BV 1300
58 Pop.23 Mrouj Ourtzagh B 1200
59 Pop.20 Mzaourou Ourtzagh W 1280
60 Pop.11 Sidi Sennoun Ourtzagh B 1390
61 Aguadulce INRA Morocco w 1300
62 Fouila Defes INRA Morocco w 490

T = B-Brown seed; W-White seed; BV-Mixture of brown and violet seeds.

Site description

The experiments were conducted in four environments:
in 2011 and 2013 at two locations [Loukkos (experimen-
tal station, 35°4’ N, 5°59°W) and Meknes (farmer’s field,
33°52'N, 5°32’W). The climate at the study sites was typ-
ically Mediterranean, with most of the precipitation con-
centrated in winter and early spring. Soil type was clay
loam at Loukkos and clay at Meknes.

Experimental design and crop management
Experiments were conducted across the two years and at
the two locations, using a split-plot design. The main plot
was assigned to weed-management treatments (weedy
and weed-free, i.e. with and without S. alba). Subplots
were assigned to faba bean genotypes (60 local landraces
and two checks). One subplot per landrace, and two sub-
plots for each of Aguadulce and Fouila Defes were sown
within the weedy as well as within the weed-free main
plots. All plots were hand-weeded regularly to prevent
any specific interaction with natural weeds and to estab-
lish a standardized ‘weed’ pressure in the weedy treat-
ment. One replication (R = 1) was laid out per location and
year. In addition, four plots of white mustard were sown
in both main plots in each experiment (i.e., in each of the
four year x location combinations).

The size of each subplot was 6.0 m2 (four 3-m long rows,
with an inter-row spacing of 50 cm). Mixed plots (weedy,
i.e. with S. alba) and pure plots (weed-free) had a sowing
density of 27 faba bean seeds/m2, with the addition of
550 seeds/m2 of white mustard in the mixed plots. First,
faba bean seed was sown manually at a depth of 10 cm;
white mustard was sown as second step at a depth of
2 cm in the same row. The model weed and faba bean were
hence grown as additive mixture following the ideas of

SNAYDON (1991) and GiBsoN et al. (1999). The trials were
sown between November and December and harvested
between May and June.

Sampling and statistical analysis

The bean genotypes were evaluated for various agro-
morphological traits. Measurements were taken at two
levels: either for entire subplots or for five individual
plants taken randomly from the two central rows of each
subplot. The traits assessed on individual plants were
mainly related to yield components. Table 2 gives a sum-
mary of the traits and the level of measurements.

The analysis of variance (ANOVA) was performed
among the 60 local populations. The two non-landrace
checks were excluded from ANOVA because they may not
fully represent the envisaged basic pool of local faba bean
landraces. PLABSTAT v.2H (L) (Utz, 2005) was employed
for statistical analysis using the following linear model:

Yije =1 +ei + wj+ (we)jj + gk + (§W)jk + (ge)ik + eiji;

where Yjj is the observation of the genotype k in environ-
ment i and the weed treatment j; p is the general mean,
e; is the environmental effect, w; is the weed treatment
effect assigned to the main plot, (we);; is the main plot
error, g is the genotype effect assigned to the subplot,
(gw)y; is the interaction between the genotype k and the
weed treatment j, (ge)ik is the interaction between the
genotype k and the environment i, and e;j is the subplot
error. The four location-year combinations were mod-
elled as four environments. Genotypes were tested for
significance against the G x E interaction. As the experi-
ment was conducted with one replicate per environment,
the single plot error variance could not be explicitly esti-
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Table 2. Traits of faba beans and of the model weed white mustard (Sinapis alba)

Traits Details Code  Measurement
unit
Faba bean
Pod size (1to09), 1 =smallest pod; 9 = biggest pod in given environment PS Subplot
Plant height Distance from soil surface to the apex (cm) PH Plant
Maturity time Number of days between sowing and maturity date (> 90% pods dry)  Mat Subplot
Tiller number Average of five random plants N Plant
Pod number at main stem Average of five random plants PN(MS) Plant
Pod number at secondary stem  Average of five random plants PN(SS) Plant
Pod number per plant PN/PI = PN(MS) + PN(SS) PN/PI -
Seed number per plant Average of five random plants SN/PI Plant
Seed number per pod SN/P = (SN/PI)/(PN/PI) SN/P -
Thousand seed weight TSW = 1000x(Yield/PI)/(SN/PI) (g) TSW -
Grain yield Grain yield, average of five plants per subplot (expressed as t/ha) Yield Subplot
White mustard
Plant height Distance from soil surface to apex (cm) Height Subplot
Grain yield Grain yield entire subplot (as t/ha) Wi Subplot

mated. Instead, it became part of the G x W x E inter-
action variance. This term, given as e;j, in the linear model,
is the error term for testing the G x W interaction for sig-
nificance.

Correlation coefficients were calculated to explore rela-
tionship between the grain yield of the 62 bean genotypes,
their different indices (see below) and agromorphological
traits measured in weed-free conditions, based on geno-
type’s means across environments. The hypothesis is that
highly competitive faba beans had specific agronomic
traits, which distinguished them from those that were less
competitive. Taking this line of reasoning, such agronomic
traits were observed under weed-free conditions.

The yield loss attributable to the competition between
faba bean genotypes and the white mustard was calculated
at each environment using the following equation:

YL; (%) = [(Y% - Y13)/Y%] x 100 = [1 - (Y7;/Y%)] x 100

where Y9y is the grain yield of the faba beans (k) in the
weed-free condition and Y?j is the grain yield of the faba
beans (k) in weedy condition.

Mean productivity (MPx) was measured in each of the
four environments using the following equation:

MPy = [YO,+ Y1 ]/2

To directly compare the relative performance of the
faba beans with the relative performance of the white
mustard in the weedy plots, the so-called weed competi-
tive index (CI) as used by LaNGEROUDI and KaMKAR (2009),
was employed, using the following equation:

Cly = [Y1i/Ymean]/[W)/Wmean]
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where Y1 is yield of the faba bean genotype (k) under
the weedy condition, Ymean is the mean yield of all the
faba bean genotypes in the presence of weeds in each en-
vironment, Wy is the grain yield of white mustard, when
grown mixed with the faba bean genotypes (k) and
Wmean is the mean yield of white mustard in all mixed
plots in each environment.

Analysis of variance (ANOVA) of traits

The faba bean genotypes differed significantly for all agro-
morphological traits, except for tiller number (Table 3).
The two weed treatments caused a significant difference
for all the agro-morphological traits, and the genotype x
weed interaction was significant for maturity, yield and
yield components.

Effect of competition on growth, yield and yield compo-
nents

The weedy conditions caused a decrease in all traits in
the presence of the model weed Sinapis alba L. (white
mustard), except for plant height, which increased
(Table 4). Apart from the pod number per plant and pod
number per main stem, all traits showed a wider range of
variation under weedy conditions than under weed-free
conditions.

In weedy plots, the 60 faba bean genotypes and the two
checks matured, on average, 3 days earlier. They showed
an increase in plant height by about 14% and a reduction
in tiller number by about 37% under weedy conditions
(Table 4). The pod size was reduced under weedy condi-
tions by about 13%. Pod number per main stem, at sec-
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Table 3. Combined analysis of variance with mean squares and significance levels of the sources of variation

Source of
variation

Env. (E)
Weed (W)
W xE
Genot. (G)
GxW
GxE
Error

Source of
variation

Env. (E)
Weed (W)
W x E
Genot. (G)
GxW
GxE
Error

DF

3
59
59

177
1688

PN(SS)

31.68
372.43*
21.31**
3.29%*
1.82**
1.33
1.10

PS

20.82**

64.52%*
1.20
4.82*%%
0.80
1.65**
0.71

PN/PI

58.18
1167.69%*
17.83%*
14.16**
5.68**
2.58%
1.98

PH

79865.33%*
13266.88%*
308.30*
161.44*
115.95
105.87
94.22

SN/PI

637.31
18301.54**
193.49**
83.24**
39.10%*
27.95%*

17.13

Mat

1168.56*
1484.43*
75.46%**
330.83%*
259.48**
10.34
11.23

SN/P

0.80
82.74%%
0.71**
1.38**
0.34%**
0.18**
0.12

TN

6.90
78.20*
7.24%%
0.29
0.21
0.23+
0.18

TSW
(1073)

574.98%*
4349.37%%
13.39

250.00%*
24.21%*
31.88**

8.13

PN(MS)

14.7615
185.07**
4.35%*
4.88%*
0.99**
0.77**
0.47

Yield

15.84
493.29%*
4.74%%
1.38**
0.75%*
0.67%*

0.39

** Significant at P< 0.01; * Significant at P< 0.05; Significant at P < 0.1; Sdegrees of freedom are 177-9 because of 9 missing values.

Table 4. Minimum (Min), mean values (Mean), maximum (Max), least signi cant difference (LSD) at P = 5%, phenotypic stan-
dard deviation (SD) and coefficient of variation (CV; %) for the agro-morphological traits measured under weedy and weed-free

conditions across four environments

Traits

Pod size (scale 1-9)
Plant height (cm)
Maturity time (days)

Tiller number

Pod number at main stem
Pod number at secondary

stem

Pod number per plant
Seed number per plant
Seed number per pod
1000-seed weight (g)

Yield (t/ha)

cvt = (SD/Mean) x 100

ondary stem, and per plant decreased under weedy con-
ditions by about 39%, 80% and 57%, respectively. Seed
number per plant decreased by about 66%, seed number
per pod by about 23% and TSW decreased by 13% due to

Weed-free
Min  Mean Max LSDggs SD
2.00 5.44 7.50 1.62 0.97
62.4 76.8 88.1 12.8 5.2
95.8 106.7 120.5 5.4 8.3
- 2.17 - - -
2.16 3.19 9.00 1.25 1.17
0.70 2.24 7.86 2.00 1.11
2.95 551 15.84 2.68 2.21
6.75 18.59 34.44 8.19 5.08
2.17 3.52 4.66 0.53 0.51
567.9 1449.0 1751.4 1944 219.8
1.17 2.88 4.95 1.24 0.66

presence of S. alba (Table 4).

cvt

17.84
6.79
7.81

36.70
49.54

40.21
27.34
14.35
15.17
23.00

Min  Mean
1.50 4.75
67.5 87.7
95.7 103.2
- 1.36
1.35 1.96
0.00 0.45
1.40 2.35
3.76 6.31
1.88 2.72
464.5 1262.4
0.54 0.88

Weedy

Max LSDg g5
7.14 1.35

105.6 14.9

120.8 3.4
4.60 0.79
1.75 0.70
6.35 1.01
12.25 3.13
3.67 0.51

1475.6 192.0
1.54 0.45

SD cvt
093 19.57
6.9 7.90
8.6 8.3
0.56 28.59
034 7472
0.74 31.69
1.77 28.05
0.46 16.82

196.2 15.5
0.23 2578

Average grain yield decreased by 69% because of weeds.
Although to different extents, the grain yield of all faba
bean local landraces and the two checks decreased under
weedy conditions, except for Pop.2 (Fig.1). In weedy

plots, the average grain yield varied from about 0.5 t/ha
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to 1.5 t/ha with an average of nearly 0.9 t/ha (Table 4).
In these conditions, the lowest faba bean grain yields
were recorded for Pop.10, Pop.16, Pop.13 and the check
Fouila Defes. The local landraces Pop.48 and Pop.54 ex-
hibited the highest grain yield. On the other hand, there
was a greater range in grain yield in weed-free plots from
about 1.2 t/ha for Pop.2 to 5.0 t/ha for Pop.38. The local
landraces Pop.38, Pop.47, Pop.49, Pop.17, Pop.48 and
Pop.57, had a relatively high yield both under weedy and
weed- free conditions (Fig. 1).

Yield loss, mean productivity and weed competitive
index

Analysis of variance revealed that the faba bean geno-
types differed significantly in terms of yield losses, mean
productivity and weed competitive index (details not
shown). The weed competitive index presented the high-
est range of variation (CV = 45%; Table 5).

Using the average of the four environments, the yield
losses of the 60 faba bean genotypes and the two checks
varied from 7% to 81% with an average of 69% (Table 5).
Pop.2 and Pop.15 obtained the lowest and the highest
yield loss, respectively (Fig. 2 and 3). The average mean
productivity of the 60 genotypes and the two checks in
the four environments varied from about 1.2 t/ha to 3.1
t/ha with an average of about 1.9 t/ha (Table 5; Fig. 2).
The check Fouila Defes presented the lowest mean pro-
ductivity whereas Pop.38 had the highest mean produc-
tivity (Fig. 2).

The weed competitive index ranged from 0.24 to 3.10
with an average of 1.28 (Table 5). Pop.4 obtained the
lowest weed competitive index, whereas Pop.53 present-
ed the highest competitive index (Fig. 3), resulting from
both (1) its high grain yield under weedy conditions (1.1
t/ha) compared to the average (0.9 t/ha) (Fig. 1) and (2)
its pronounced ability to reduce the grain yield of white
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Fig.1.  Relationship of yield of the 60 faba bean local landraces and
the two checks with vs. without white mustard as model weed. Sym-
bols in grey present best genotypes in weedy and weed-free condi-
tions (cf. text); Pearson (r) and Spearman (rs) coefficient.

Fig. 2.  Relationship between yield loss and mean productivity of
the 60 faba bean local landraces and the two checks; Pearson (r) and
Spearman (rs) coefficient.

Table 5. Minimum (Min), mean values (Mean), maximum (Max), least signi cant difference (LSD) at P = 5%, phenotypic stan-
dard deviation (SD) and coefficient of variation (CV; %) for yield loss, mean productivity and weed competitive index for the
60 bean local landraces and the two checks across four environments

Traits Min Mean Max LSDg o5 SD cvt

Yield loss (%) 6.61 69.39 81.38 17.94 10.84 16.22
Mean productivity (t/ha) 1.17 1.89 3.08 0.71 0.40 21.08
Weed competitive index 0.24 1.28 3.10 1.27 0.57 44.53

Cvt=(SD/Mean) x 100
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Fig.3.  Relationship between yield loss and the weed competitive

index of the 60 faba bean local landraces and the two checks; Pearson
(r) and Spearman (rs) coefficient.

mustard from an average of 0.6 t/ha down to 0.3 t/ha; as
comparison, Pop.49 achieved a similar CI, combining
even higher yield under weed stress with a weaker weed
suppressive ability (details not shown).

Plant height and yield of white mustard

In its pure stands, the model weed S. alba grew taller
(165 cm, Table 6) than all faba bean genotypes (Min:
62 cm, Max: 88 cm; Table 4). The average plant height of
white mustard was lower by about 12 cm in weedy plots
compared to pure stands (Table 6). Contrariwise, the
average plant height of faba bean was greater by about
11 cm in weedy plots than in pure stands (Table 6). In
weedy plots, white mustard’s plant height was on aver-
age 153 cm, whereas faba beans’ average plant height
was 88 cm. In no case was any faba bean genotype as tall

as the white mustard growing in mixture within the same
plot. There were significant differences (P < 0.01) for the
grain yield of S. alba grown in weedy plots depending on
faba bean genotypes (details not shown). The average
grain yield of white mustard in weedy plots was 0.6 t/ha
and it ranged from 0.2 t/ha (with Pop.15) to 1.0 t/ha
(with Pop.23; Table 6, Fig. 4). Grain yield of white mus-
tard decreased on average by about 33% because of com-
petition with faba bean genotypes (Table 6).

Relationship between faba bean grain yield and the dif-
ferent indices with the agronomic traits measured under
weed-free conditions

Grain yield in weedy stands was positively and with
high significance correlated with pod size (Table 7)
(r=0.368**) and with number of seeds per pod
(r = 0.397**), both measured under weed-free conditions.
It was also negatively and significantly correlated with plant
height (r=-0.275*), also measured under weed-free con-
ditions. Yet, these correlations were weak. Short popula-
tions with big pods and many seeds per pod tended to
yield more in the presence of the model weed S. alba.

A positive relationship was found between weed-free
grain yield and weedy grain yield of the 62 bean geno-
types (r=0.453**). When selecting the 12 best geno-
types, according to either weed-free or weedy grain yield,
these two groups of selection share six common local
landraces (cf. Fig. 1).

Yield loss was correlated to weed-free grain yield of the
faba bean landraces and the two checks (r=0.435*%).
Genotypes with good grain yield performance in weed-
free conditions tended to lose more yield due to weed.
Yield loss was also positively correlated with plant height
(r=0.264%), tiller number (r=0.268*) and seeds per
plant (r = 0.353**) under weed-free conditions. Tall and
highly tillering faba beans tended to lose more yield in
competition with S. alba.

Genotypes with high mean productivity were charac-
terized by high yield component performances: large
pods, many tillers and many seeds per plant, seeds per pod
and high TSW.

Yield of model weed S.alba (t/ha)
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checks.

Average white mustard grain yield when it was grown in mixture with one of the 60 faba bean local landraces or with one of two
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Table 6. Mean values of plant height and yield of faba bean local landraces and the two checks and white mustard in pure stand

and in mixture across four environments

Trait Height (cm) Yield (t/ha)
Faba bean
Without white mustard (pure stand) 76.8a 2.88a
With white mustard (mixture) 87.7b 0.88 b
White mustard
Without faba bean 1653 a 0.93a
With faba bean (mixture) 1529 a 0.62 a

Means in columns having same letter are not significantly different at 5% level of probability.

The weed competitive index of faba bean landraces
and the two checks was negatively correlated with faba
bean yield loss (r = -0.371**) and with yield of the model
weed S. alba (r =-0.550%*), reflecting the algebra of this
index. No relationship was found between the yield of
the model weed S. alba and the other traits recorded.

This experiment was carried out in order to study the com-
petitive ability of faba bean local landraces against white
mustard (S. alba) employed as model weed. Two aspects
of crop competitive ability can be defined. The first is the
ability of a crop to withstand the competitive impact of
weed and minimize yield loss, and the second is the ability
of the crop to suppress or reduce weed growth (GOLDBERG,
1990; JANNINK et al., 2000; ZHAO et al., 2006b; HANSEN et
al., 2008; ANDREW et al., 2015). These are described by dif-
ferent terms in the literature; here we describe it, respec-
tively, as “weed tolerance” and “weed suppressive ability”.

Weed tolerance of faba bean local landraces

The studied faba bean landraces differed in their weed tol-
erance patterns in most aspects. For plant height, all faba
bean genotypes showed the same reaction to the presence
of S. alba. In mixed stands, faba bean was the weaker
competitor for light and its reaction to the presence of the
model weed S. alba resulted in an increase in its plant
height (87.7 cm > 76.8 cm; Table 6). In order to deter-
mine whether taller genotypes increased height more or
less than shorter ones, a coefficient of correlation be-
tween the gain in plant height in presence of S. alba and
plant height in optimal conditions was calculated and a
highly significant, negative correlation was found (r = -
0.540**, details not shown). Shorter genotypes tended to
increase plant height under weedy conditions more than
taller ones. Yet, the genotype x weed interactions failed
to be significant for plant height (Table 3). As corrobora-
tion, no significant relationship was found between gain
of plant height and both weedy grain yield (r = 0.121; de-
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tails not shown) and yield loss (r = -0.249; details not
shown). Nevertheless, tall plant height has been reported
to contribute to the competitive ability in several studies
(HueL and HucL, 1996; LEMERLE et al., 1996; OcG and
SEEFELDT, 1999). Results in this study indicate that taller
faba bean genotypes tended to yield less under weedy
conditions (r = -0.275%*) and to record more yield loss be-
cause of weed competition (r=0.264*) (Table 7). This
finding may be specific to the given situation that the model
weed here was in all cases taller than the cultivated crop.

In the present study, maturity was not found to be an
indicator of the level of tolerance to weed stress. In con-
trast, HUEL and HucL (1996) found that increased weed
tolerance was associated with early maturity in wheat.

Tiller number of faba bean genotypes was reduced in
the presence of S. alba. Such tiller number reductions
have been demonstrated in wheat, barley and oat culti-
vars (ANDREW et al., 2015). LEMERLE et al. (1996) reported
that high tiller number was associated with low yield
reduction for wheat varieties. In the present study, no sig-
nificant difference between faba bean local landraces
was recorded for the number of tillers. Moreover, the
genotypes did not interact significantly with the presence
or the absence of weed stress for their number of tillers.

The variance of grain yield among faba bean local
landraces was higher under weed-free conditions com-
pared to weedy conditions. Indeed, the standard devia-
tion among faba bean genotypes was 0.66 t/ha under
weed-free conditions versus only 0.23 t/ha in weedy con-
ditions; yet, the corresponding coefficients of variation
were quite similar (Table 4). A smaller variation under
stress is in agreement with ZHao et al. (2006b) who
found such pattern for aerobic rice cultivars. Other authors
observed that the genetic variation was higher under
weedy than under weed-free conditions for faba bean
(GHaouTI et al., 2016) and for lowland rice varieties
(RODENBURG et al., 2009).

A positive relationship was observed between grain yield
of faba bean local landraces and the two checks under
weedy and weed-free conditions (r=0.453**, Fig. 1).
Strong positive correlations between weed-free grain yield
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and weedy grain yield were observed for wheat (COUSENS
and MokHTARI, 1998; LEMERLE et al., 2001b) and for faba
bean (GHaouTI et al., 2016). Conversely, LANGEROUDI and
Kamxkar (2009) found no relationship between grain yield
under weed-free and weedy conditions, when canola
(Brassica napus) was grown in the presence of wild mus-
tard (Sinapis arvensis). Although the correlation between
grain yield under weedy and weed- free conditions was
significant, it was not very high (r=0.453**; Fig. 1).
Highest yielding genotypes in weed- free conditions were
not necessarily highest yielding in weedy conditions (e.g.
Pop.52; Fig. 1).

Average yield loss ranged from 7% to 81% (Table 5).
FRENDA et al. (2013) reported a mean yield reduction of
60% in faba bean when it was left to compete with wild
mustard and Italian ryegrass as artificial weed species.
Yield loss of faba bean local landraces and the two checks
was positively correlated with their yield performance in
the absence of white mustard. This is in agreement with
the findings of DE Lucas and Froup-WiLLiams (1994) who
found that wheat varieties which produced the greatest
grain yield in weed-free plots were most severely affected
by weed competition. GHAoUTI et al. (2016) reported that
yield loss of faba bean genotypes because of the competi-
tion with weeds was negatively correlated with their yield
performance in the absence of weeds. This result was
clearly because of different groups of genotypes with dif-
ferent inbreeding levels that were collected into a joint
analysis (F1 hybrids, pure lines and partly heterotic gen-
otypes). Other authors reported that no relationship was
observed between the level of grain yield in optimal con-
ditions and yield loss for wheat (Cousens and MOKHTARI,
1998; LEMERLE et al., 2001b; CoLEMAN et al., 2001) and
barley (DipoN and BosTrROM, 2003).

Genotypes with high mean productivity tended to have
higher yield losses in presence of the model weed S. alba
(Fig. 2). Pop.2 was an outlier and the coefficient of cor-
relation was recalculated excluding this landrace. As a
result, a non-significant correlation was found (r = 0.179,
details not shown). This indicates that both indices are
independent and are providing complementary informa-
tion on the level of mean productivity versus the level of
weed tolerance. Hence, it should be possible to find gen-
otypes that combine both high yield and high weed toler-
ance. Pop.48 and the variety Aguadulce correspond to
this objective.

Weed suppressive ability of faba bean local landraces

High and stable yield seems to be the priority as selection
criteria (HAFFELE et al., 2004). However, in farmer’s
fields, suppression or reduction of weed growth could be
also an important characteristic (JANNINK et al., 2000).
Faba bean local landraces differed in their weed compet-
itive index (CI). ClI is the ratio between (1) yield of a spe-
cific bean when competing with S. alba, relative to the
average of all faba beans in weedy conditions and (2)
yield of S. alba when competing with this specific bean,
relative to the mean of S. alba in all mixtures. CI values
can be large either because a specific bean genotype yields
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higher than the other genotypes under weed pressure, or
because it leads through its suppressive ability to a rela-
tively low yield of S. alba in mixture, or for both effects.
For instance, Pop.53 had the highest CI (3.10; Fig. 3),
which is attributed to both, its higher weedy grain yield
(1.05 t/ha; Fig. 1) and its ability to reduce S. alba grain
yield (0.21 t/ha; Fig. 4).

No significant relationship was found between the weed-
free grain yield of faba bean and the yield of white mus-
tard, when grown in mixture (r = -0.006, Table 7). High-
est yielding faba bean genotypes under weed-free condi-
tions were not necessarily the most suppressive geno-
types of S. alba. No significant relationship was found
between the grain yield of the model weed S. alba in mix-
tures and the yield loss of faba beans (r = 0.027; Table 7).
This is in agreement with the findings of LANGEROUDI and
KamKar (2009).

A highly significant, negative relationship was found
between the yield loss and the CI (r=-0.371**; Table 7).
Yet, this association is far from complete. Some faba beans
(e.g. Pop.45 and Pop.23) showed in spite of low yield loss
rather low CI values (Fig. 3), in these cases because these
two populations allowed very high seed yield to S. alba
(Fig. 4). The coefficient of correlation was recalculated
between the yield loss and weed competitive index exclud-
ing the Pop.2. The coefficient of correlation remained near-
ly the same, yet significant only at P = 0.05 (r = -0.323%,
details not shown). The negative relationship between
the competitive index and yield loss seems rather to be a
general trend of the studied genotypes set.

Competitive genotypes

Ideal genotypes have high yield under both weed-free
and weedy conditions and a distinct weed suppressive
ability (BussaN et al., 1997). In the present study, Pop.57,
Pop.17, Pop.34, Pop.12, Pop.36 and Pop.53, achieved a
mean productivity above average, and combined this with
lower than average yield loss and model weed yield, and
with higher than average CI (Fig. 2, 3, and 4). These geno-
types are rather competitive genotypes.

The present study did not show any significant rela-
tionship between the weed-free grain yield Y0, and the
weed suppressive ability. This is true, whether the focus
is on faba bean-influenced weed yield directly (Wy) or on
the more complex parameter CI: r (Y%, Wg,) =-0.006
and r (Y%, CI) = 0.226 (Table 7). Weed-free yield was not
an indicator of the suppressive ability of a genotype, cor-
roborating LANGEROUDI and KaMmkar (2009; canola culti-
vars competing with wild mustard).

A useful and marked amount of genetic diversity between
faba bean local landraces was displayed. The interactions
between the local landraces and the two weed treatments
were highly significant. This reflects a high genetic varia-
tion for competitive ability (weed tolerance and weed
suppressive ability). Several of the landraces showed
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higher values for mean productivity and competitive abil-
ity than the two check varieties (Aguadulce, Fouila Defes).
Short plant stature tended to indicate high levels of weed
tolerance, which was unexpected. In the present study,
several faba bean local landraces were identified as fairly
competitive. These landraces should be further studied
as a promising genetic source for weed tolerance and sup-
pressive ability. The study of competitive ability is a com-
plex issue because the composition of natural weed pop-
ulations vary over space and time and also because the
weed-crop interaction is more complex than the simple
interaction with our single model weed. Corresponding
further studies on the competitive ability of faba bean
local landraces and with pure lines bred from them
should be carried out. Moreover, more environments
should be employed to further increase reliability and
generalizability of the findings.
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