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ABSTRACT
The main aim of the present study is to understand the impact of irrigation on Leaf area, Specific Leaf Weight, Grain
yield and Water use efficiency. Ten durum wheat (Triticum durum Desf.) genotypes of diverse origin were evaluated
under two conditions (Irrigated and non irrigated conditions). After flowering, ten flag leaf of each plot were cut
for measuring the length, width and mass of leaf. Leaf area (LA) while Specific Leaf Weight (SLW) was measured
mathematically . Water use efficiency of yield was calculated using the following equation: WUE yield = Grain Yield /
evapo-transpired water. In this study the difference between Leaf area under stressed and non stressed condition equal
17.24%. In addition, water stress reduced the specific leaf weight (41.86%). Irrigation condition affects positively the
grain yield (12.42%) and negatively water use efficiency (12.11%). WUEyield of wheat under Mediterranean conditions
was the highest with a deficit irrigation consisting of two-thirds of the water required at full irrigation (i.e. WUEyield at
full irrigation was lower).
Keywords: durum wheat, leaf area, specific leaf weight, WUE, irrigation.

Introduction

Durum wheat (Triticum durum Desf.) is widely
grown in stressful environments. Under stressed
conditions, the maintenance of high leaf net CO2exchange rates and higher water use efficiency was
associated with higher wheat yields (Austin, 1987).
Leaf area (LA) plays an important role in plant growth
analysis. Leaf area and leaf weight measurements are
required to calculate several growth indices, which
are leaf area index (LAI), net assimilation rate (NAR),
specific leaf area (SLA), specific leaf weight (SLW),
and leaf area duration (LAD) (Gardner et al. 1985).
The leaves, being the site of photosynthetic activity,
appear to have an obvious relation to the plant’s grain
yield ability (Sharma et al. 2003). Flag leaf makes
a major contribution towards the grain weight (4143%) and is the major photosynthetic site during the

grain filling period (Ibrahim and Elenein, 1977). Flag
leaf area is an indicator of potential grain yield in
wheat and since the flag leaf plays a predominant
role, its size is likely to be important (Monyo and
Whittington, 1973). Photosynthesis is the primary
source of dry matter production and grain yield in
crops. The improvements of leaf photosynthesis
have occurred with the advance of high-yielding
cultivars breeding (Jiang et al. 2002). The flag leaf
is considered to be a primary source of assimilates for
grain filling and grain yield due to its short distance
to the pike and the fact that it stays green for longer
than the rest of the leaves. Positive correlations
have been found between flag leaf size and yield
(Briggs and Aytenfisu, 1980). Recently, the leaf
area index or other indices of vegetation have been
used in agricultural models for biomass estimation
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and yield prediction (Major et al. 1986). There are
various methodological approaches to measure plant
leaf area. Direct measurement of leaf area is usually
time consuming and labor intensive and this action
usually causes canopy damage. But leaf area can be
estimated non-destructively by using mathematical
formulae, which only require simple measurements
of the leaf lamina. Potdar and Pawar (1991) evaluated
non-destructive leaf area estimation in banana (Musa
acuminata Colla.) and showed a strong relationship
between leaf area and various combinations of leaf
length (L) and leaf width (W). Pekson (2007) also
showed that there was a high correlation between
leaf area and a combination of lamina length (L)
and lamina width (W) in Vicia faba L. Serdar and
Demirsoy (2006) developed a mathematical equation
to estimate leaf area in chestnut (Castanea sp.) by
measuring leaf length and leaf width and calculated
different combination of them. Their result showed
that there was a strong relationship between estimated
leaf area and actual leaf area (R2=0.99). Cho et al.
(2007) found that estimation of individual LA, leaf
fresh weight (LFW) and LDW in hydroponically
grown cucumbers (Cucumis sativus L.) can be done
with high accuracy using leaf length, leaf width and
leaf chlorophyll value (R2=0.98, R2=0.96, R2=0.96
respectively). McKee (1964), Pearce et al. (1975),
and Dwyer and Stewart (1986), reported a general
equation to estimate individual leaf area of maize
(Zea mays L.):
Leaf area = L × W × A
Where LA, L, W and A are leaf area, leaf length,
leaf maximum width and A constant (A=0.75),
respectively. Other researchers obtained A values
between 0.72 and 0.79, for example 0.72; (Keating
and Wafula, 1992), 0.73; (Stewart and Dwyer, 1999),
and 0.79; (Birch et al. 1998). Speciﬁc leaf area
(SLA), that is, the light-capturing surface built by the
plant per unit investment of dry mass, is an indirect
measure of the return on investments in a productive
organ (Niklas et al. 2007). If light capture was the
sole governing factor of leaf function, SLA would
tend to be inﬁnite to maximize return on dry mass
investment. However, maximum SLA is constrained
by a minimum of dry mass needed to construct
support, protection or transport tissues, such as
veins or epidermis, which are generally dense. SLA
is further particularly sensitive to changes in the
external environment and in the internal functioning
of the plant, as extensively documented both by
experimental and observational studies (Gunn et al.
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1999; Niinemets, 2001; Poorter and Nagel, 2000).
However, until recently the dependence of SLA on
leaf size had not been comprehensively assessed
(Milla and Reich, 2007). SLA and leaf size (measured
as A (cm²) are functionally linked by definition
(SLA=A/M (cm²/mg) where M is leaf mass (g). Thus,
to quantify how a given change in leaf size affects
SLA we examined the scaling relationship of M to A.
Landsberg (1990) used the inverse of SLA, namely
specific leaf weight (SLW in mg/cm²), as an indicator
of leaf toughness in her studies of insect herbivory
and eucalypt dieback. Water is the main abiotic factor
limiting plant production in several regions of the
world, with crop growth and economic yield being
severely affected by water availability (Araus et al.
2002).
The water use (WU; i.e. the water consumed)
and water use efficiency (WUE; in general terms,
the efficiency of this consumed water to assimilate
carbon, produce biomass or grain yield) are crucial
parameters where water is scarce, as in semiarid regions with Mediterranean climate (e.g.
Mediterranean basin in south Europe, North Africa
and West Asia as well as Western Australia and
parts of South Africa and Chile). Agronomists and
crop physiologists, however, define WUE rather
from an integrative approach, i.e. the accumulated
dry matter divided by the water used by the crop
in the same period (Abbate et al. 2004). In a broad
sense, assimilated dry matter can be considered as
the total biomass (commonly, aboveground parts)
or, alternatively, as the accumulated dry matter
partitioned the economical product (for cereals, the
grains). Thus, it may be defined as WUE for the
biomass (WUEbiomass) and the grain yield (WUEyield)
(Hatfield et al. 2001). The aim of this study is to
evaluate the effect of stressed and non stressed
conditions on Leaf area (LA) and Specific Leaf
Weight (SLW) and its relationships with grain
yield and water use efficiency in ten durum wheat
Cultivars.

Material and methods

The experiments (under rain-fed and irrigation
conditions) were conducted in the experimental field
of ITGC (Technical Institute of Field Crops) of Sétif
(5°20’E, 36°8’N, 958m above sea level), Algeria;
during the 2010-2011 cropping season. A set of
10 genotypes (Table 1) of durum wheat (Triticum
durum Desf.) were planted on November 30, 2010,
genotypes were grown in randomized block design
with four replicates. The seeds were sown using an
experimental drill in 1.2mx2.5m plots consisting of
© Plant Breeders Union of Turkey (BİSAB)
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6 rows with a 20 cm row space and the seeding
rates for both experiments were about 300 seeds
per m2. The plots were fertilized with SULFAZOT
(26% N, 35% S, 120 Kg/ha) at tillage stage. Weeds
were removed chemically by TOPIC (0.75L/ha) and
GRANSTAR (15g/ha). All plots of the irrigation
experiment were irrigated by using a Sprinklers
system and the volume of water input for each plot
was controlled. Two irrigation regimes were applied.
The first irrigation was performed at the time of
Elongation (20/04/2011) (30 zadoks cods). The
second irrigation was applied on (08/05/2011) after
heading (50 zadoks cods). After flowering, ten flag
leaf of each plot were cut for measuring the length,
width and mass of leaf. Leaf area (LA) and Specific
Leaf Weight (SLW) were measured mathematically.
LA=L × W × A (Spagnoletti Zeuli and Qualset, 1990);
where LA, L, W, and A are leaf area, leaf length,
leaf maximum width and A constant (A=0.607)
respectively. SLW and leaf area (LA) are functionally
linked by definition (SLW=M/LA (mg/cm²)) when M
is leaf mass (g) (Radford, 1967). Water use efficiency
was calculated using the following equation:
WUE yield = Grain Yield / evapo-transpired water
(Tambussi et al. 2007)
Grain yield was determined from sub-samples
taken from harvested grains of each plot.
Evapo-transpired water is estimated by using
software AquaCrop Version 3.1. The input necessary
to estimate the evapo-transpired water by AquaCrop
software were:
– Daily rainfall of growing season;
– Daily Reference evapo-transpiration (ET0) estimated by using ET0 software (2000) and according
to Penman Montheil equation modified and recommended by FAO (1998);
– The different layers and types soil of experimental
field;
– Morpho-physiological characteristics of crop (Genotypes) and growing cycle of each genotype.

Results and discussion

As shown in Table 2, analysis of variance revealed that Leaf area, Specific Leaf Weight, WUEyield
and grain yield were highly significant (P<0.001) under irrigation regime treatment. In addition, the genotypic effect was highly significant (P<0.001) for Leaf
area, Specific Leaf Weight and grain yield under both
conditions, WUEyield was highly significant (P<0.001)
under irrigated condition and significant (P<0.01)
bitki ıslahçıları alt birliği
w w w. b i s a b . o r g . t r

under non irrigated condition. Moreover, interaction
effect of irrigation regime × genotype was highly
significant for Leaf area and Specific Leaf Weight.

3.1. Leaf area (LA)

The results of the present study indicated that the
two different conditions of growth (stress and non
stress conditions) had different considerable effects
on leaf area. Under stressed condition, leaf area
ranged from 11.46 cm² for Polonucum to 19.37 cm²
for Oued Zenati with an average of 14.96 cm² over
all genotypes, but under irrigated condition (non
stressed) leaf area varied between 13.83 cm² for
Altar to 30.66 cm² for Oued Zenati with an average
of 18.09 cm² over all genotypes. In this study, the
difference between Leaf area under stressed and non
stressed condition amounted to 17.24% (Figure 1).
The maximum leaf area per culm was observed just
before heading when the flag leaf had fully emerged
(Puckridge, 1971). The water stress significantly
reduced leaf area due to the reduced cell division.
Water stress may reduce turgor pressure and hence
cell expansion, resulting in approximately the same
dry mass being contained within a smaller leaf area,
thus raising density (Hsiao, 1973; Rascio et al. 1990).

3.2. Specific Leaf Weight (SLW)

A survey of literature revealed that morphophysiological traits such as flag leaf area (Fischer
and Wood, 1979), specific leaf weight, leaf dry matter
(Aggarwal and Sinha, 1984; Misra, 1995) had been
widely used as selection parameters contributing
towards drought tolerance for various crop plants
in addition to grain yield. With regard to genotype
effects and under stressed condition, Polonucum had
high value of SLW 0.0349 mg cm-², but Mexicali
had low value 0.0162 mg cm-². Under non stressed
condition, specific leaf weight ranged from 0.062
mg cm-² for Bousselem to 0.062 mg cm-² for Dukem
with an average of 0.043 mg cm-² over all genotypes.
Figure 2 shows that water stress reduced the specific
leaf weight (41.86%). Munamava and Riddoch
(2001) reported that specific leaf weight (SLW)
and specific leaf area (SLA) decreased with stress,
especially when water stress was applied at booting
stage.

3.3. Grain Yield (GY)

The results of the present study indicated that
the two different conditions of growth (stress and
non stress condition) had different considerable
effects on grain yield. Under stressed condition,
grain yield ranged from 52.20 Qx ha-1 for genotype

2(1):82-89, 2016
Oued Zenati to 64.63 Qx ha-1 for genotype Waha
with an average of 58.50 Qx ha-1 over all genotypes,
but under well watered condition, grain yield ranged
from 57.45 Qx ha-1 for genotype Oued Zenati to
75.55 Qx ha-1 for genotype Sooty with a mean of
66.8 over all genotypes. Drought resistance is
usually quantified by grain yield under drought.
Wheat grain yield under drought, however, depends
on yield potential as well as the phenology of the
genotype (Acevedo, 1991) . In this study, the
difference between grain yield under stressed and
non stressed condition equal 12.42% (Figure 3).
Although stress typically depresses grain yield
(Hsiao, 1973), it can elevate the value of other
components of the economic yield, such as quality
of grain protein (Guttieri et al. 2000). Moreover,
Donaldson (1996) and Nazeri (2005) have reported
that water deficit after anthesis stage decreased grain
filling period, kernel weight and crop production.
According to Blum (1988), identification of high
potential varieties under optimum moisture and
water deficit conditions (slow stressing) has been
a principal breeding approach for durum and bread
wheat genotypes.

3.4. Water use efficiency (WUEyield )

The results of the present study show that there
is a highly significant difference between stressed and
non stressed conditions and genotypes. Under stressed
condition, WUEyield ranged from 9.21 kg mm-1 ha-1
for Oued Zenati to 12.44 kg mm-1 ha-1 for Sooty. In
irrigated condition WUEyield varied between 9.25 kg
mm-1 ha-1 for Oued Zenati and 14.29 kg mm-1 ha-1 for
Waha; the difference in WUEyield between irrigated and
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non irrigated conditions accounted 12.11% (Table 2).
Oweis et al. (2000) reported that WUEyield of bread
wheat under Mediterranean conditions was the highest
with a deficit irrigation consisting of two-thirds of the
water required at full irrigation (i.e. WUEyield at full
irrigation was lower). In fact, increase in WUEyield
under water limitation are reported in several studies
and climatic conditions (Abbate et al. 2004). However, there are other reports in wheat where no increase
in WUE (neither WUEyield nor WUEbiomass ) was found
under water-deficit treatments (Xue et al. 2003).

Conclusion

This study confirmed that the supplementary irrigation affect significantly Leaf area, Specific Leaf
Weight, Grain yield and Water use efficiency. The
difference between Leaf area under stressed and non
stressed condition was 17.24%, this suggest that the
water stress significantly reduced leaf area due to the
reduced cell division. In addition, water stress reduced
the specific leaf weight by 41.86%. Many studies
reported that specific leaf weight (SLW) and specific leaf area (SLA) decreased with stress, especially
when water stress was applied at booting stage. The
difference between grain yield under stressed and non
stressed condition was 12.42 %. Water deficit after
anthesis stage decreased grain filling period, kernel
weight and crop production. The difference in WUEbetween irrigated and non irrigated conditions was
yield
12.11%. Many studies reported that WUEyield of bread
wheat under Mediterranean conditions was the highest
with a deficit irrigation consisting of two-thirds of the
water required at full irrigation (i.e. WUEyield at full
irrigation was lower).

Table 1. Name and origin of the ten genotypes used in the study
Cultivar

Name

Origin

Cultivar

Name

Origin

1

Bousselem

Algeria

6

Altar

CIMMYT

2

Hoggar

Algeria

7

Dukem

CIMMYT

3

Oued Zenati

Algeria

8

Kucuk

CIMMYT

4

Polonicum

Algeria

9

Mexicali

CIMMYT

5

Waha

Algeria

10

Sooty

CIMMYT
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Table 2. Response of Leaf area (LA), Specific leaf weight (SLW), water use efficiency of grain yield (WUE GY)
and grain yield (GY) of ten durum wheat genotypes tested.
LA
Genotype

SLW

WUE GY

GY

Irr

Non-Irr

Irr

Non-Irr

Irr

Non-Irr

Irr

Non-Irr

Oued Zenati

30,66 a

19,37 a

0,0457 bc

0,0251 bc

9,25 d

9,21 e

57,46 d

52,20 d

Altar

13,83 d

14,75 bcd

0,0395 bcd

0,0262 b

12,37 bc

11,38 abc

69,14 abc

55,94 bcd

Sooty

16,43 cd

13,12 de

0,0486 b

0,0250 bc

13,96 ab

12,44 a

75,55 d

63,15 abc

Polonucum

24,41 b

11,46 e

0,0426 bcd

0,0349 a

10,01 d

9,65 de

60,18 cd

56,48 abcd

Waha

17,11 c

12,02 de

0,0454 bc

0,0333 a

14,29 a

10,86 abcd

65,94 abcd

64,63 a

Dukem

14,66 cd

17,15 ab

0,0620 a

0,0205 bcd

14,14 a

11,97 ab

72,70 ab

63,94 ab

Mexicali

15,77 cd

17,29 ab

0,0454 bc

0,0162 d

13,18 abc

10,45 abce

63,44 bcd

59,64 abcd

Kucuk

15,67 cd

16,35 abc

0,0343 cd

0,0196 cd

11,93 c

12,11 a

73,53 a

53,96 d

Hoggar

14,93 cd

13,36 cde

0,0381 bcd

0,0226 cd

13,28 abc

10,27 cde

62,36 cd

60,05 abcd

Bousselem

16,48 cd

14,75 bcd

0,0304 d

0,0215 bcd

12,16 c

11,16 abcd

67,75 abc

55,01 cd

Mean

18,099

14,967

0,043

0,025

10,95

12,46

66,80

58,50

Min

13,83

11,46

0,0304

0,0162

9,25

9,21

57,45

52,20

Max

30,66

19,37

0,062

0,0349

14,29

12,44

75,55

64,63

CV %

30,20

17,04

20,10

23,89

9,75

13,7

9,00

7,55

LSD 0,05

2,68

3,18

0,0122

0,0060

1,67

1,6

9,77

8,15

Genotype effect

***

***

***

***

***

**

***

***

Irrigation effect

***

***

***

***

Interaction effect

***

***

*

ns

17,24 ↑

41,86 ↑

13,78 ↓

12,42 ↑

% Differences

Means followed by the same latter are not significantly different, CV: coefficient of variation, ns: no significant, * Significant difference
at P < 0.05, ** significant difference at P < 0.01, *** significant difference at P < 0.001

bitki ıslahçıları alt birliği
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Figure 1. The effect of irrigation on leaf area in all genotypes tested.

Figure 1. The effect of irrigation on leaf area in all genotypes tested.
Figure 2. The effect of irrigation on Specific leaf weight in all genotypes
tested.

15

Figure 2. The effect of irrigation on Specific leaf weight in all genotypes tested.
Figure 3. The effect of irrigation on Grain yield in all genotypes tested.

16

Figure 3. The effect of irrigation on Grain yield in all genotypes tested.
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