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Abstract
Amri, M., M. H. El Ouni and M. B. Salem, 2014. Waterlogging affect the development, yield and components,
chlorophyll content and chlorophyll fluorescence of six bread wheat genotypes (Triticum aestivum L.). Bulg. J.
Agric. Sci., 20: 647-657
During rainy crop seasons waterlogging is a serious environmental stress influencing wheat development and production in
the North West zones of Tunisia. A field trial was conducted during the two cropping seasons 2005/06 and 2006/07at Oued-Béja Agricultural Experimental Unit (36°44’N; 9°13’E) under rainfed and waterlogging conditions in order to evaluate flooding
effects on development, chlorophyll fluorescence, chlorophyll content, yield and components for six bread wheat genotypes
(Triticum aestivum L.). The floodwater state was applied during 28 days at the tillage stage. The results indicated that waterlogging has significantly affected (P<0.01) the vegetative development, physiological traits and yield and components for all
studied genotypes. Waterlogging delayed the heading by 9.6 days and reduced the plant height and the tiller number per plant
(TN/P) by 25.4% and 44.2% respectively. This vegetative growth limitation resulted in an average decrease of 55.9% in grain
yield. The genotype Salammbô presented the lowest levels of yield reduction (≈ 39% and 39.6%) against a reduction of 71.8%
and 76.5% recorded for cv. Vaga. In addition, clear variation in chlorophyll fluorescence (Maximum quantum efficiency: Fv/
Fm) and chlorophyll content were observed between controls and waterlogged plants. For chlorophyll content index, minima
decreases of 41.3% and 44.5% were recorded after 28 days of waterlogging respectively for cv. Salammbô and cv. Utique
against maxima of 58.5%, 58.9% and 60.7% recorded for cv. Vaga, FxA and cv. Ariana, respectively. Under water excess conditions Fv/Fm of Vaga and Ariana genotypes were more affected than cvs. Salammbô and Utique.

Key words: Waterlogging, Triticum aestivum, Grain yield, Chlorophyll fluorescence
Abbreviations: CCI, chlorophyll content index; MAT, monthly average temperature; PRC, precipitation;
NRD, number of rainy days; PH, plant height; TN/P, tillers number per plant; NDH, number of days to heading;
NDHD: , number of days to heading delay; EN.m-2, ears number per m²; GN/E, grains number per ear;
BY, biological yield; GY, grains yield; CCI, chlorophyll content index; Fv/Fm, maximum quantum efficiency;
FxA, Florance-Aurore; PR, percentage reduction; ETR, maximal relative electron transport rate

Introduction
Waterlogging occurs in many cereals growing areas around
the world, mainly under irrigated and high rainfall environCorresponding author: amrmoez@gmail.com; amrimoez@yahoo.fr

ments (Samad et al., 2002). In Tunisia, especially in the humid and sub-humid zones of the North West regions, transient
waterlogging is a serious environmental constraint affecting
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wheat development and production. Waterlogging decrease the
vegetative development, tiller number and the grain yield (Kozlowski, 1984a; Davies and Hillman, 1988; Huang et al., 1994a,
b ; Dickin and Wright, 2008) for several cereal crops with an
average decreases of 39 to 44% observed for Triticum aestivum
(Musgrave and Ding, 1998; Collaku and Harrison, 2002) and
30 - 50% for barley (Setter et al., 1999). Linkemer et al., (1998)
signaled for Soybean an average decrease of 90% in grain yield
after seven days of waterlogging. According to many authors,
this decrease was specially related to nutrients uptake limitation such as that of nitrogen (Bennett and Albrecht, 1984; Kozlowski, 1984b and Bacanamwo and Purcell, 1999).
In addition, waterlogging generally induces a relatively
rapid decrease in the rate of photosynthesis in many plant species (Kozlowski, 1997). Several studies showed that, in flooded plants, photosynthesis is significantly decreased within few
hours (Beckman et al., 1992; Yordanova and Popova, 2007;
Liu and Huang, 2008 and Zheng et al., 2009; Balakhnina et
al., 2010; Souza et al., 2011). For example photosynthesis rate
significantly decreased within 5 h for Pseudotsuga menziesii
seedlings (Zaerr, 1983) and within 24 h for citrus rootstocks
(Phung and Knipling, 1976). The chlorophyll fluorescence is
subtle reflection of primary reactions of photosynthesis (Sayed,
2003). So, the photochemical processes alterations appeared in
the chlorophyll fluorescence kinetics induce changes in the established parameters of fluorescence and the damages in PSII
are usually the first sign of stress in the leaf that could be used
to estimate photosynthetic performance under stress conditions (Maxwell and Johnson, 2000). Recently, the use of different fluorescence assess to supervise responses to abiotic stresses has been reviewed (Sayed, 2003). Several works described
relationships between Chlorophyll fluorescence and photosynthesis (Govindjee, 1995; Schreiber, 1998; Schreiber and Bilger,
1998; Lazar, 1999; Maxwell and Johnson, 2000 and Schreiber
et al., 2000) and others describe its use in stress physiology
(Rohacek and Bartak, 1999; Schreiber et al., 2000; Rohacek,
2002; Zakhidov et al., 2002). In fact, chlorophyll fluorescence
represents a promising tool for detection of plant tolerance to
various environmental stresses (Zivcak et al., 2008).
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The aim of the present work was to study the behavior of
six Triticum aestivum genotypes under rainfed and waterlogging conditions in order to evaluate and to identify amount
the studied genotypes possible sources of tolerance/resistance to this serious production constraint.

Materiel and Methods
Plant material
Six bread wheat (Triticum aestivum) genotypes were used
in this study (Table 1).
Experimental conditions
The trial was conducted during 2005-06 and 2006-07 seasons at the Agricultural Experimental Unit Oued-Beja in the
Beja region (36°44’N; 9°13’E) situated in North West of Tunisia characterized by sub-humid climate with moderate winter
(average annual rain of 600 mm) and a vertisol soil with siltyclay texture (clay 49%, silt 35% and sand 16%). The trial was
installed according a split-plot design with three replications
and two treatments were applied rainfed and waterlogging
conditions (main plots). Each experimental unit consists of
four rows of 2 m (2 m²). During the two cropping seasons
sowing was made the first week of December with seeding
rates of 300 seeds per m2.Waterlogging treatment was applied at tillage stages (Z21) (Zadoks et al., 1974) with continuous submersion irrigation during 28 days. Nitrogen fertilization was applied after seedling at the three leaves stage with
40 Unit/ha rate.
Meteorological data
The meteorological data have been collected from the
METHOS meteorological station installed at the Agricultural
Experimental Unit of Oued Beja (Table 2).
Measurements
Plant development parameters
Plant height (PH): This parameter was measured at physiological maturity by measuring for each plot the main repre-

Table 1
The six studied T. aestivum genotypes
Genotypes
Cross and Pedigree
“Ariana”
Kenya 338 et Etoile de Choisy cross realized in France. Introduced in Tunisia in 1962 in F5 stage
Florence Aurore “FxA”
Cross performed in France. Introduced in Tunisia in 1922 in F2 stage
“Haïdra”
Bow « S » /Dougga 74 cross performed at INRAT Tunisia.
“Salammbô”
«Poto//correcawinnos/–INIA 66» cross performed at CIMMYT– Mexico. Introduced in Tunisia in F2 stage
“Utique”
Attila”S”cross performed at CIMMYT– Mexico. Introduced in Tunisia in F2 stage
“Vaga”
CM66684 cross realized at CIMMYT– Mexico. Introduced in Tunisia in F7 stage
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sentative plant height from ground to the top ears top without
awns.
Tillers number per plant (TN/P): for each genotype the total tiller number per plant was counted at the stem elongation
stage on five plants per plot.
Number of days to heading (NDH): Heading date for each
genotype was recorded when approximately 50% of plants in
the plot had a fully emerged head. The NDH was calculated
as the number of days from emergence to heading.
Yield and components
Number of ears per m² (EN.m-2): recorded at the maturity
stage for each plot in an area of one meter square.
Number of grains per ear (GN/E): recorded at maturity
stage on five randomly chosen ears of five different plants.
Biological yield (BY in kg.m-²) and Grain Yield (GY in
g.m-²): Those parameters were recorded at harvesting time
from the two central rows.
Biochemical and Physiological parameters
These parameters were recorded only during the second
cropping season 2006-07 at the 28th day of flooding treatment
for both rainfed and waterlogged plants.
Chlorophyll content index (CCI): Chlorophyll content index was determined after 28 days of treatment on the last leaf
with non destructive method using a CL-01 Chlorophyll Content Meter of “Hansatech”. Part of the leaf was placed between
two clips and the chlorophyll content index was determined in
dual wavelength optical absorbance (620 and 940nm).
Chlorophyll fluorescence: Maximum quantum efficiency
(Fv/Fm): Maximum quantum efficiency values (Fv/Fm) were
recorded on the last leaf after 28 days of treatment using a
Plant Efficiency Analyzer (Handy-PEA, Hansatech instruments Ltd, P02.002 version). A part of the leaf delimited by a
measure clip was maintained in dark during 12 min by closing the clip shutter. After that, chlorophyll fluorescence transients were induced by a red light of 1500 μmol.m-2.s-1 intensity applied during 1 s.
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Statistical analysis
The analysis of variance (ANOVA) was determined using the SPSS statistical program v.13 and differences among
treatments for all measurements were compared at 0.05 significance level.

Results
Effect of waterlogging on plant development
For the six tested genotypes, the ANOVA showed highly
significant effect (p<0.01) of waterlogging on the tiller number per plant (TN/P), the plant height (PH) and the number of
days to heading (NDH) (Table 4). During the two cropping
seasons, compared to the control conditions, waterlogging resulted in important decreases of TN/P varying from 33.5%
for cv. Salammbô to 51.2% for cv. Vaga. The other genotypes
Ariana, Utique, FxA and Haïdra showed a decrease of 36.8%,
46%, 47% and 50.45% respectively, with an average decrease
of 44.2% recorded for the six tested genotypes (Table 3).
Also, results showed that waterlogging has significantly delayed heading during the two cropping seasons with an average of 9.6 days for the six genotypes. Compared to rainfed
conditions, 28 days of waterlogging delayed the heading by a
minimum of 7 days for cv. Salammbô to a maximum of 12.3
days for cvs. Vaga and FxA (Table 3).
In addition, water excess has also affected the plant height
for the six tested genotypes with variable degree (Figure 1).
during the two cropping seasons and compared to rainfed
conditions, a minimum reduction of 23% was observed for
Salammbô and Utique against a maximum of 29.2% recorded
for cv. Vaga. The non significant difference observed for the
genotypes*treatment interaction especially for TN/P and the
PH shows that the six tested genotypes presented a similar
behavior under waterlogging stress.
Effect of waterlogging on yield and components
During the two cropping seasons waterlogging stress
has significantly affected (p<0.01) the ears number per m²

Table 2
Monthly average temperature (MAT), precipitation (PRC) and number of rainy days (NRD) recorded in the
Agricultural Experimental Unit Oued Beja during the two cropping seasons 2005/06 and 2006/07
Sep.
Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.
May
Jun
2005-06
23.9
21.5
15.3
10.3
8.9
7.7
13.1
17.5
18.4
25.5
MAT, °C
2006-07
24.5
21.9
15.8
11.5
11.9
12.4
12.5
16
19.2
25
2005-06
0.8
21.4
37.4
108.3
172
96.8
49.7
23.9
26.8
0
PRC, mm
2006-07
31.5
23.9
21.9
108.2
21.4
60.1
137.9
64.6
17.8
12.4
2005-06
0
4
6
10
12
6
5
5
3
0
NRD*
2006-07
3
4
3
7
4
5
10
7
4
2
* Precipitation ≥ 2 mm
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(EN.m-2), the grains number per ear (GN/E), the biological
yield (BY) and the grains yield (GY) (Table 5).
Ears number per m² (EN.m-2)
The flooding has significantly affected the number of ears
per m² during the two cropping seasons. A highly significant difference between genotypes was observed. Figure 2
shows that compared to the rainfed conditions cv. Salammbô
and cv. Haïdra expressed the minima decreases with averages
of 35.3% and 35.9% respectively. The genotype Ariana was
most affected by waterlogging with 45.1% of decrease of the
EN.m-2. The other genotypes FxA, Utique and Vaga showed
decreases of 39.6%, 39.4% and 41.7% respectively with an
average reduction of 39.5% recorded for the tested genotypes
during the two cropping seasons.
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Number of grain per ear (NG/E)
Grown under waterlogging during 28 days, the six evaluated genotypes showed significant decreases of the grain
number per ear during the two cropping seasons with a highly
significant difference between them (Table 5). An average
decrease of 27.9% was observed for the all tested genotypes
with maxima of 55.1% and 53.9% recorded respectively for cv.
Vaga and cv. Ariana. Minima of 1.1% and 6.2% were recorded
for cv. Utique and cv. Salammbô. For this parameter the two
cultivars FxA and Haïdra showed intermediate behavior with
respectively 18.5% and 32.5% of reduction (Table 6).
Biological yield (BY)
Results showed that during the two cropping seasons
flooding stress has highly and significantly affected the bio-

NDH

TN/P

Table 3
Effect of waterlogging on the tiller number per plant (TN/P) and the number of days to heading (NDH) for the six
evaluated genotypes. (FxA: Florance-Aurore)
Genotypes
Ariana
FxA
Haïdra
Salammbô
Utique
Vaga
Rainfed
5.4±1.4a
6.1±1a
6±1.20a
5.95±0.34a
6.11±0.4a
6±0.3a
2005/06 Waterlogged
3.5±0.4a
3.1±0.2a
3.11±0.84a
3.88±0.39a
3.33±0.3a
2.89±1.2a
PR (%)
35.6±6.3a
48.7±3.17a
48.15±13.98a
34.77±6.53a
45.45±5.5a
51.83±19.5a
a
a
a
a
a
Rainfed
5.1±0.8
5.9±0.77
6.11±1.02
5.22±0.84
6.44±0.2
6.29±0.6a
a
a
a
a
a
2006/07 Waterlogged
3.2±0.3
3.2±0.19
2.89±0.51
3.54±0.18
3.44±0.2
3.11±0.5a
ab
bc
b
a
bc
PR (%)
38.1±5
45.3±3.25
52.75±8.31
32.28±3.45
46.57±3
50.50±8.1b
d
a
c
a
a
Rainfed
115.7±0.6
105±0
110±1
106±1
105.3±0.6
108.7±0.6b
2005/06 Waterlogged 127.3±0.6e
117.3±0.6bc
118.7±0.6c
113.7±0.6a
116.3±0.6b
121±2d
b
b
a
a
b
NDHD
11.7±0.6
12.3±0.6
8.7±0.6
7.7±0.6
11±0.6
12.3±2b
a
a
a
a
a
Rainfed
117.7±0.6
111±0
119±1
114.7±15.9
110.7±1.2
112.3±0.6a
c
a
d
b
a
2006/07 Waterlogged 124.7±0.6
119.7±0.6
126.7±0.6
122.7±0.6
119±1
124.3±0.6c
a
b
ab
ab
b
NDHD
7±0.6
8.7±0.6
7.7±0.6
8±0.6
8.3±1
12±0.6c
Data are three replication means ± SD
Data with the same letter per line are non-significantly different at P=0.05 (Duncan test).
Table 4
Mean squares of the tiller number per plant (TN/P), the plant height (PH) and the number of days to heading (NDH)
for the six evaluated genotypes
Number of days to
Tiller number plant (TN/P)
Plant Height (PH)
heading (NDH)
df
Source
2005/06
2006/07
2005/06
2006/07
2005/06
2006/07
Genotypes
5
0.19ns
0.45ns
1050.98**
1101.78**
110.52**
59.29*
Treatment
1
61.93**
61.62**
7084.03**
6696.69**
1013.36**
667.36**
Genotypes*Treatment
5
0.37ns
0.64ns
44.23ns
42.09ns
5.89**
4.63ns
Error
24
0.59
0.34
20.11
27.69
0.72
21.5
R² = 0.821
R² = 0.893
R² = 0.963
R² = 0.949
R² = 0.989
R² = 0.657
**: significant at the 0.01 level; *: significant at the 0.05 level; ns: non significant
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logical yield for the six evaluated genotypes with an average
decrease of 48.3%. During the two cropping seasons the cv.
Salammbô showed a minimum reduction of 39.1% against
a maximum of 57.3% recorded for cv. Vaga. The cultivars
Ariana, FxA, Haïdra and Utique showed decreases of 54.2%,
51.1%, 45.3% and 42.9% respectively (Table 6).
Grain yield (GY)
During the two cropping seasons 2005-06 and 2006-07
flooding applied for 28 days has significantly affected grain
yield for the six evaluated genotypes (Тable 5). Compared
to rainfed conditions (control) waterlogging induced an average decrease of 55.9% with a maximum of 74% recorded
for cv. Ariana and cv. Vaga against a lowest decrease of
39.4% recorded for the cultivars Salammbô and Utique.
The two cultivars FxA and Haïdra showed an intermediate behavior with respective decreases of 59.85% and 48%
(Table 6).
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Effect of waterlogging on chlorophyll content and
Chlorophyll fluorescence
The chlorophyll content index (CCI)
After 28 days of floodwater stress the chlorophyll content for all studied genotypes was highly and significantly
affected by waterlogging (p<0.01) for all studied genotypes
(Table 7). Compared to control plants the waterlogged plants
showed important decreases in chlorophyll content with an
average decrease of 52.3% recorded for the six tested genotypes (Table 8). Minima decreases of 41.3% and 44.5% were
recorded respectively for cv. Salammbô and Utique. The most
pronounced decreases were observed for the genotypes Vaga,
FxA and Ariana with 58.5%, 58.9% and 60.7% respectively.
Chlorophyll fluorescence
Maximum quantum efficiency (Fv/Fm)
Results showed Fv/Fm ratio was significantly affected by
waterlogging stress for the six evaluated genotypes. Com-

Table 5
Mean squares of the ears number per m² (EN.m-2), the grains number per ear (GN/E), the biological yield (BY) and
the grains yield (GY) for the six evaluated genotypes
Ears number per m² Grains number per ear Biological yield (BY) Grains yield (GY)
(GN/E)
(EN.m-2)
df
Source
2005/06 2006/07 2005/06 2006/07 2005/06 2006/07 2005/06 2006/07
Genotypes
5 20095.2** 19852.6** 100.7**
76.7**
0.07*
0.05ns 29851.3** 25303.9**
Treatment
1 309506.8** 273529** 432.3**
590**
9.05**
8.1** 710030.9** 662940.6**
Genotypes*Treatment
5
1290ns
1070.9*
38.3*
77**
0.03ns
0.03*
5918.8* 8349.5**
Error
24
609.3
334.4
6.6
7.4
0.02
0.03
1625
1030
R²=0.966 R²=0.979 R²=0.878 R²=0.884 R²=0.952 R²=0.918 R²=0.958 R²=0.971
**: Significant at the 0.01 level; *: Significant at the 0.05 level; ns: non significant
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Fig. 1. The plant height percentage reduction (PR)
recorded after 28 days of waterlogging for
the six bread wheat tested genotypes
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Fig. 2. The percentage reduction of the ears number per
m² (EN.m-2) recorded after 28 days of waterlogging for
the six bread wheat tested genotypes compared to
rainfed conditions
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pared to the control plants, the flooded plants showed significant decreases in the maximum quantum efficiency of PSII
photochemistry (Fv/Fm) (Table 7). After 28 days of waterlogging the genotypes Salammbô and Utique showed the lowest
reduction levels of Fv/Fm ratio which decreased from 0.818
and 0.812 to 0.792 and 0.785, respectively (Table 8). Contrary,
important reductions were observed for the genotypes Vaga
and Ariana for which water excess effects were more pronounced and Fv/Fm decreased from 0.818 and 0.814 to 0.697
and 0.721 respectively.

Discussion
Effect of waterlogging on plant development
Results showed a highly significant effect of waterlogging on plant development of bread wheat. During the two
cropping seasons cv. Salammbô showed the highest tolerance
level to waterlogging among the six evaluated genotypes. In
fact, cv. Salammbô showed minima decreases of 33.5% and
23% respectively for TN/P and PH with 7 days of heading
delay. However, cv. Vaga which was the most sensitive genotype to waterlogging showed the maxima decreases of 51.2%
for TN/P, 29.2% for PH, and 12.3 days of heading. The plant
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height decrease which is strongly related to the stem limitation growth can be explained mainly by a slowdown growth
under root anoxia. These results were confirmed by several
studies conducted on bread wheat (Belford and Farlane, 2001;
Boru 2001; Collaku and Harrison, 2002; Condon and Giunta,
2003; Dickin and Wright, 2008; Robertson et al., 2009), barley (Setter and Waters, 2003; Yordanova, 2004; Pang et al.,
2007; Zhou, 2007), oat (Watson et al., 1976), rice (Akihiko
Table 7
Mean squares of the Maximum quantum efficiency:
Fv/Fm and Chlorophyll content index (CCI)
for the six evaluated genotypes
Source

df

Genotypes
5
Treatment
1
Genotypes*Treatment 5
Error
24

Maximum
quantum
efficiency
(Fv/Fm)
0.002**
0.04**
0.002**
0.00
R² = 0.938

Chlorophyll
content index
(CCI)
7.616**
473.53**
1.851ns
2.00
R² = 0.916

GY

BY

GN/E

Table 6
Effect of waterlogging on the ears number per m² (EN.m-2), the grains number per ear (GN/E), the biological yield
(BY) and the grains yield (GY) for the six evaluated genotypes. (FxA: Florance-Aurore)
Genotypes
Ariana
FxA
Haïdra
Salammbô
Utique
Vaga
Rainfed
25.7±2.8ab
28.4±2.9ab
30.9±5.2b
24.7±1.2a
28.2±1.6ab
24±0.7a
2005/06 Waterlogged
12.8±1.3a
20.2±1.3b
24.5±3.4c
23.3±3.4bc
27.3±0.9c
12.2±2.2a
PR (%)
50.2±4.9d
29.1±4.4c
20.7±11.1bc
5.6±13.7ab
3.3±3a
49±9.1d
ab
b
ab
a
ab
Rainfed
28 ±3.9
29.7±1.7
28.1±4.4
23.7±3.1
27.3±1.5
25.9±2.1ab
a
b
bc
b
c
2006/07 Waterlogged
11.9±1.4
19±2.1
23.5±4.2
22.1±3.1
27.6±1.1
10±0.6a
d
c
b
ab
a
PR (%)
57.7±4.9
35.9±7.2
16.4±14.9
6.9±13.2
-1.1±4.1
61.3±2.3d
a
a
a
a
a
Rainfed
2.2±0.2
2±0.1
2.2±0.3
2±0.1
2.1±0.2
2±0.2a
2005/06 Waterlogged
1.1±0.1abc
1±0.1ab
1.2±0.2cd
1.3±0.1d
1.2±0.1bcd
0.9±0.1a
bc
bc
ab
a
ab
PR (%)
53.2±4.9
51.7±3.7
44.5±7.6
38±5.5
43.8±4
56±4.5c
a
a
a
a
a
Rainfed
2. ±0.2
1.9±0.1
2±0.4
2±0.2
1.9±0.2
1.9±0.2a
ab
abc
bcd
d
cd
2006/07 Waterlogged
0.9±0.1
0.9±0.1
1.1±0.1
1.2±0.1
1.1±0
0.8±0.1a
c
bc
ab
a
a
PR (%)
55.2±3.3
50.5±3.1
46.1±6.6
40.2±2.8
42.1±1.7
58.7±6.7c
b
a
bc
abc
c
Rainfed
475.7±17.1a
440.2±33.4
562.3±117.3
529.4±28.7
580.7±11.4
507.4±21.6abc
2005/06 Waterlogged 128.4±11.5a
182±4.5b
286.8±40.7c
323.1±25.9cd
347.2±14.3d
143±15. 5ab
d
c
b
a
a
PR (%)
73±2.4
58.7±1
49±7.2
39±4.9
40.2±2.5
71.8±3d
ab
a
bc
abc
c
Rainfed
451±34.6
425.8±25.4
508.9±70.9
498.1±47.9
540±28.3
497.8±22abc
a
b
c
cd
d
2006/07 Waterlogged 107.8±12.2
166±7.4
270±28.4
300.9±25.5
331.5±12.1
116.8±10.5a
d
c
b
a
a
PR (%)
76.1±2.7
61±1.7
46.9±5.6
39.6±5.1
38.6±2.2
76.5±2.1d
Data are three replication means ± SD
Data with the same letter per line are non-significantly different at P=0.05 (Duncan test).
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Table 8
Effect of waterlogging on the maximum quantum efficiency: Fv/Fm and chlorophyll content index (CCI) after 28 for
the six evaluated genotypes
Chlorophyll content index (CCI)
Maximum quantum efficiency (Fv/Fm)
Genotypes
Rainfed
Waterlogged
Rainfed
Waterlogged
Ariana
0.814±0.012
0.721±0.017
13.5±1.81
5.3±0.92
FxA
0.813±0.009
0.746±0.021
12.4±2.08
5.1±0.25
Haïdra
0.812±0.012
0.759±0.015
13. 8±2.21
6.9±1.46
Salammbô
0.818±0.008
0.792±0.004
13.3±0.87
7.8±0.56
Utique
0.812±0.010
0.785±0.009
15.5±1.15
8.6±0.75
Vaga
0.818±0.004
0.697±0.017
14.7±1.87
6.1±1.42
Data are three replication means ± SD; FxA: Florance-Aurore
and Nawata, 2007), bean (Ahmed, 2002a; Jafar, 2006), soybean (Shigenori et al., 2004), genus Hibiscus and Corchorus
(Changdee et al., 2009) and the genus Lolium (Mc Farlane et
al., 2003).
Moreover, plant tillering contribute to the environmental conditions adjustment and its decrease imply to the spike
number reduction and consequently the grain yield decrease
(Loveras et al., 2001; Sadras and Calvin, 2001). For the different evaluated genotypes tillering capacity was limited by
waterlogging stress. This capacity is generally related to the
genotype, planting density and especially the nitrogen fertilization. In fact, under flooding conditions, nitrogen deficiency
induced by transient leaching seems to be the main cause of
the plant limitation growth and development. Similar results
were found for T. aestivum after 6 days of waterlogging (Belford and Farlane, 2001; Collaku and Harrison, 2002; Condon
and Giunta, 2003; Dickin and Wright, 2008). Robertson et
al. (2009) showed that anoxia applied for 14 days on 22 days
aged wheat plants inhibited the primary tiller growth and delayed by 9 days the new tillers development in addition to the
plant height limitation growth and heading delay. Similarly,
Cannel et al. (1985) mentioned a considerable decrease of the
tiller number per oat plant of under excess water stress which
was restored after nitrogen supply.
Effect of waterlogging on yield and components
Generally grain yield is elaborated through subsidiary
traits called yield components such as number of ears per m²
(EN.m-2), grains number per ear (GN/E) and biological yield
(BY) which are especially related to the genotypes and particularly to environment conditions (Cook and Veseth, 1991).
Jonard and Koller (1950) reported that, under stress conditions, any variation in one yield component without compensatory effect of other components could affect the grain yield.
During the two cropping seasons 2005/06 and 2006/07 waterlogging applied during 28 days has significantly affected

EN.m-2, GN/E, BY and consequently the GY which was the
most affected for the six evaluated genotypes with an average
decrease of 55.9%. In fact, during the two cropping seasons
this constraint induced average decreases of 39.5%, 27.9%,
and 48.3% respectively for EN.m-2, GN/E and BY. Among
the six evaluated genotypes cv. Salammbô showed the most
tolerance level for waterlogging constraint with decreases of
35.5%, 6.2%, 39.1% and 39.3% recorded for EN, GNE, BY
and GY respectively. However, the high sensitivity level was
recorded for the genotypes Vaga and Ariana. The inter-varietal comparison revealed a best tolerance for cv. Salammbô
which seems to guarantee a minimal and secure grain yield
for farmers under this constraint with a decrease of 34.8% in
grain yield against 74.2% recorded for the cv. Vaga. These
results confirm those found by Collaku and Harrison (2002)
signaling the existence of genotypic variation in wheat for
waterlogging tolerance and they identified some genotypes
with a potential tolerance to this constraint.
In addition, several studies which were carried out on
barley and wheat reported similar results and estimated losses of 30 to 50% after waterlogging treatment (Setter et al.,
1999; Collaku and Harrison, 2002). Other studies identified
GN/E as the fundamental component that causes the grain
yield reduction under waterlogging environments (Musgrave and Ding, 1998; Dickin and Wright, 2008). However,
Collaku and Harrison (2002) signaled a combined effect of
TN/P and GN/E as the main causes of grain yield decreases
under this constraint. The highly significant correlations between GY and EN.m-2 (r=0.884**), GN/E (r=0.917**) and BY
(r=0.820**) indicate that grain yield is strongly related to ears
number per m² as well as to ears fertility (GN/E).
Effect of waterlogging on chlorophyll content and
chlorophyll fluorescence
The green pigment composition analysis in leaves is very
important in plant eco-physiological studies. It provides in-
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formation about physiological responses of plants under stress
conditions (Yordanov et al., 2000; Valladares and Niinemets,
2008). After 28 days of waterlogging, CCI was significantly
decreased for the six evaluated genotypes. The genotypes
Salammbô and Utique revealed the best tolerant level with
minima decreases of 41.3% and 44.5% respectively, against
high sensitive level recorded for Ariana, FxA and Vaga genotypes for which respective reductions of 60.7% and 58.9%
and 58.5% were recorded. Such decreases can be explained
by the fact that waterlogging induced root cell death limiting
so the development and the functional of root system such as
the water and mineral uptake, from previously leached soil,
especially nitrogen. This phenomenon results in yellow, dry
and dehydrated leaf tissue which is responsible for leaves
chlorophyll content decrease and photochemical process alteration in the stressed plants.
Similar results were reported on T. aestivum (Huang et al.,
1994a, b; Collaku and Harrison, 2002 ; Collaku and Harrison,
2005; Ghobadi et al., 2007), barley (Setter and Waters, 2003 ;
Jiayin et al., 2004), pea and maïze (Przywara and Stepniewski, 1999; Yordanova & Popova, 2007; Souza et al., 2011),
Brassica species (Ashraf and Mehmood, 1989), Salix caprea
(Talbot et al.,1987), Vicia faba with a decrease of 37% in the
CCI compared to the control (Pociecha et al., 2008; Balakhnina et al., 2010), Medicago spp. (Smethurst and Shabala,
2003), lentil (Ashref and Chishti, 1993), soybean (Cho et al.,
2006), genus Myrica (Naumann et al., 2008), genus Prunus
(Mielke et al., 2010), Calophyllum brasiliense (Oliveira and
Joly, 2010). In addition, Drew (1991) showed that decrease in
chlorophyll content, as a result of waterlogging, induced the
reduction of photosynthesis activity in wheat with a significant effect on yield.
The chlorophyll loss was linked with variations of the
photosynthetic characteristics of the leaves. After 28 days of
flooding all studied genotypes showed a negative deviation
of the Fv/Fm which is a parameter commonly known as maximum quantum yield of primary photochemistry or maximal
relative electron transport rate (ETR) of PSII (Waldhoff et
al., 2002). Results showed that Fv/Fm decrease was more pronounced for the genotypes Vaga and Ariana than the genotypes Salammbô and Utique which showed the minima
decreases expressing thus the highest tolerant level for this
floodwater stress. These decreases in the Fv/Fm ratio can be
considered as an indicator of electron transport chain deterioration in the PSII (Mielke et al., 2003; Naumann et al., 2008;
Oliveira and Joly, 2010). So, for the genotypes Vaga and Ariana, the photochemical process is more sensitive to flooding stress compared to the genotypes Salammbô and Utique
which are able to maintain relatively normal values of the Fv/
Fm ratio under this constraint.
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In addition, several studies showed that under waterlogging the Fv/Fm variation is related to the reduction of the
PSII antenna size by phosphorylation. Consequently, this reduction decreases the “reaction-center” excitation rate in the
PSII and increases the PSI electron transport (Habash and
Baker, 1990; Jajoo and Bharti, 1993; Kyparassis et al., 1995).
Furthermore, the decrease of the PSII reaction-center CO2 assimilation rate in the leaves is related to the inhibition (i) of
energy use for the active oxygen species production (Ahmed
et al., 2002a, b) and (ii) of photosynthesis, which causes an
increase of the PSII excitation energy dissipation resulting
on photo-damages of the PSII reaction-center (Sayed, 2003;
Baker and Rosenqvist, 2004; O’Neil et al., 2006).
Similar results were reported by several studies conducted on barley (Yordanova and Popova, 2001), faba bean
(Pociecha et al., 2008), bean (Ahmed et al., 2006), soybean
(Cho et al., 2006), Myrica cerifera (Naumann et al., 2008),
Eugenia uniflora (Mielke and Schaffer, 2011) and in many
other species (Lavinsky et al., 2007; Islam et al., 2008, Oliveira and Joly, 2010). several studies conducted on Medicago
sativa (Smethurst and Shabala, 2003; Smethurst et al., 2005
and Christiane, 2005) reported a significant decline in Fv/Fm
ratio from 0.82 to 0.67 for Medicago sativa after 20 days of
waterlogging and noticed that this response could be related
to an altered hormonal effect specifically a reduction of cytokininin in roots (Salisbury and Ross, 1992) and a perturbed
mineral nutrient assimilation (Castonguay et al., 1993; ColinBelgrand et al., 1991). In addition, Lawlor and Cornic (2002)
showed that this decrease is related to PSII photochemistry
changes as resulted to the low sub-stomatal cavity CO2 concentration which is induced by stomatal closure.

Conclusion
Waterlogging applied at tillering stage during 28 days has
significantly affected plant growth and development (TN/P,
PH and NDH), grain yield (GY) and components (EN.m-2,
GN/E and BY) as well as chlorophyll content index (CCI)
and maximum quantum efficiency (Fv/Fm) for the six studied genotypes. The grain yield decreases recorded, with different gradient, for these evaluated genotypes are related either to physiological and biochemical process perturbation,
reductions of the plant growth and development and/or to decreases recorded in grain yield components. The six tested
genotypes showed a differential response to waterlogging.
Results revealed that the cv. Salammbô seems to be the most
tolerant genotype as compared to cv. Vaga and Ariana. In
addition, a wide variation in chlorophyll fluorescence characteristics was observed from individual plants between control and waterlogging treatment. In addition the fact that Fv/
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Fm ratio showed a good correlation with waterlogging tolerance, hence it may be considered as a practical screening tool
for plant selection against this environmental constraint.
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