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Evaluation of Chlorophyll Content and Canopy Temperature As Indicators For
Drought Tolerance In Durum Wheat ( Triticum durum Desf.).
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Abstract: Drought is a wide-spread problem seriously influencing durum wheat (Triticum durum
Desf.) production and quality, but development of resistant cultivars is hampered by the lack of
effective selection criteria. This study was conducted to determine the effect of total chlorophyll
content (SPAD) and canopy temperature on durum wheat yield and to explore a new and cheap method
of indirect selection for improving drought tolerance in wheat. Twenty four durum wheat genotypes
were evaluated in field experiments under two irrigation levels (well-watered and moisture-stressed).
Genotype exhibited differences in mean canopy temperatures and chlorophyll content across two
irrigation levels. The genotypes with high yield in well-watered condition had also high chlorophyll
content and low canopy temperature. Its considered that wheat genotypes with a low canopy
temperature can maintain high transpiration and photosynthetic rate as well as produce a high yield
under moisture-stressed conditions. In addition, there was a significant positive correlation between
chlorophyll content and yield in both environments. Significant correlation between canopy
temperature and chlorophyll content with yield under moisture-stressed conditions and stress
susceptibility index value indicated the potential for screening wheat genotypes for drought response.
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INTRODUCTION

Wheat production in Mediterranean region is often limited by sub-optimal moisture conditions. Visible
syndromes of plant exposure to drought in the vegetative phase are leaf wilting, decrease of plant height,
number and area of leaves and delay in accuracy of buds and flowers (Boyer 1982; Passioura et al., 1993).
Drought stress at grain filling period reduces grain yield, dramatically (Ehdaie and Waines, 1996). Breeding for
resistance to drought is complicated by the lack of fast, reproducible screening techniques and the inability to
routinely create defined and repeatable water stress conditions where large amount genotypes can be evaluated
efficiently (Ramirezand Kelly, 1998). Achieving genetic increase in yield in these environments has been
recognized to be difficult challenge for plant breeders while progress in yield grain has been much higher in
favourable environments (Richards et al., 2002). Thus, drought indices which provide a measure of drought
based on loss of yield under drought condition in comparison to normal conditions have been used for screening
drought-tolerant genotypes (Mitra, 2001). These indices are either based on drought resistance or susceptibility
of genotypes (Fernandez, 1992). Canopy temperature measurements have been widely used in recent years to
study genotypic response to drought. Blum et al., (1989) used canopy temperatures of drought stresses wheat
genotypes to characterize yield stability under various moisture conditions. A positive correlation was found
between a drought susceptibility index and canopy temperature in stressed environments. Drought- susceptible
genotypes which suffered relatively greater yield loss under stress tended to have warmer canopies at midday.
Result from several recent studies show that canopy temperatures under well-watered conditions also provide an
indication of potential yield performance during drought and could effectively be used as a technique to assess
genotypic response to drought. Rashid et al., (1999) reported that significant correlation between canopy
temperature and yield under moisture-stress conditions and stress susceptibility index values indicated the
potential for screening wheat genotypes for drought response. Under prolonged stress, the plant reacts by
slowing down its photosynthesis, which reduces the synthesis and accumulation of organic matter and growth
(Ort et al., 1994). Inaki-Iturbe et al., (1998) showed that sever water deficit inhibited photosynthesis and
decreased chlorophyll quantity of Pisum sativum L. Selection for genotypic differences in photosynthetic
capacity may depend on the amount of photosynthetic tissue per leaf area unit. Thus, single structural
parameters such as total chlorophyll content per leaf area unit may be good indicator of the strength of
photosynthetic tissue (Nageswara et al., 2001; Fotovat et al., 2007). High chlorophyll content is a desirable
characteristic because it indicates a low degree of photo inhibition of the photosynthetic apparatus. A portable
field unit for chlorophyll content determination (SPAD) has been extensively used in the last few years,
especially to control the nitrogen nutrition in several crops (Peltonen et al., 1995). The relationships between
canopy temperature, total chlorophyll content and stress susceptibility index in durum wheat under moisture-
stress are not well documented. Therefore, the objective of this study were (i) to determine differences in canopy
temperature and leaf chlorophyll content of different durum wheat under both well-watered and moisture-
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stressed conditions and (ii) to correlate canopy temperature and chlorophyll content with stress susceptibility
index (SSI) value and yield of durum wheat.

MATERIALS AND METHODS

Twenty four durum wheat ( Triticum durum Desf.) were chosen for study based on their reputed differences
in yield performance under irrigated and non-irrigated conditions. Experiments were conducted at experimental
field of Islamic Azad University of Sanandaj, in Kurdistan province (Northwest of Iran) in 2006-2007. Seed
were hand drilled and each genotype was sown in three rows of 2.0 m, with row to row distance of 0.30 m. The
experiment was laid out in randomized complete block design (RCBD) with three replications. Irrigated plots
were watered at tillering, joining, flowering and grain filing stage. Non-irrigated plots were grown under rain-
fed conditions. Sowing was done in November in all experiments. Fertilizer was applied before sowing (50 kg N
ha” and 30 kg P ha) and at stem elongation (50 kg N ha™). Canopy temperature measurements were made
during the vegetative and early reproductive growth periods. A hand-held infrared thermometer (Teletemp
model AG-42, Fullerton, CA) was used to monitor the canopy temperature. The instrument was held so as to
view the crop at an angle of 30" from the horizontal at right angles to the rows at a distance of 2.0 m from the
sample row. This procedure was followed to minimize the influence of exposed soil. Each canopy temperature
was the average of three regarding recorded from different points in each plot. Total chlorophyll content was
estimated in intact flag leaves using a portable chlorophyll meter (CCM-200, Opti-Science, England). At least 5
flag blades were measured per plant in anthesis stage. Grain yield was harvested with a small-plot combine at
maturity in mid-August.Drought resistance indices were calculated using the following relationships:

1-(ys/Y,)

= ——————— ( Fischer and Maurer, 1978)
1-(Ys/Y,)

Where Y is the yield of cultivar under stress, Y, the yield of cultivar under irrigated condition, Y, and

yp the mean yields of all cultivars under stress and non-stress conditions, respectively and 1— (Y, / yp) is the

stress intensity. The irrigated experiment was considered to be a non-stress condition in order to have a better
estimation of optimum environment. Statistical analysis was performed by using SPSS software program.

RESULTS AND DISCUSSIONS

Data concerning yield (Yp and Y's), mean of leaf total chlorophyll (SPAD) and canopy temperature (Td and
Tw) are given in Table 1. The grain yield of trials ranged between 212-505 (g/plant) in well-watered condition
and 87.5-207 in drought-stressed condition. There were highly significant differences among genotypes for
mean canopy temperature and leaf chlorophyll content. Under moisture-stressed condition, canopy temperature
and SSI was positively correlated (Fig 1) and chlorophyll content negatively correlated with canopy temperature
(Fig 2). Leaf chlorophyll content and canopy temperature was positively correlated in well-watered conditions
(Fig 3). Drought susceptibility index values ranged from 0.45 to 1.5. Based on SSI value, genotypes were
grouped in two class; firs class are relatively drought susceptible (SSI>1) and second class are drought tolerance
(SSI<1). Drought tolerance genotypes have high chlorophyll content and low canopy temperature compared
with other genotypes under different moisture conditions. The genotypes with high yield also had high
chlorophyll content in well-watered and drought-stressed conditions. Zaharieva et al., (2001) reported that
chlorophyll content was positively correlated to biomass and grain weight per plant. These results agree with the
explanation given by Del Blanco et al., (2000).

In some species, e.g., peanut, chlorophyll content measures correlated strongly with specific leaf area and
photosynthesis capacity (Nageswara et al., 2001). Lambrides et al., (2004) reported that the associations of
transpiration efficiency with chlorophyll content suggest that photosynthetic capacity is a strong component of
transpiration efficiency in sunflower. Estimate of broad sense heritability for chlorophyll content in durum
wheat (0.80) and narrow sense heritability of transpiration efficiency (0.82) suggested that selection for these
traits could be made in early generations of segregating populations (Lambrides et al., 2004). Transpiration
efficiency is relatively tedious to measure in large populationsand chlorophyll content (SPAD) could be used as
less expensive surrogates of measuring transpiration efficiency in an initial screen to discard germplasm in the
early stages of a breeding program aimed at developing drought tolerant material. The negative correlation
between canopy temperature in moisture-stressed conditions (Td) and yield indicates that elevated Td
accompanied yield reductions under moisture-stressed conditions, apparently because plants could not maintain
adequate transpiration rates and transpirational cooling was reduced. Similar results have been reported by
Rashid et al., (1999), Fotovat et al., (2007) and Hirayama et al., (2006). Recently, a remote-monitoring
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technique using an infrared radiation thermometer has been developed to estimate crop water stress. Inoue
(1987, 1990 and 1991) examined the remote-monitoring technique to estimate the transpiration rate based on the
plant temperature. The remote-monitoring technique may become a simple and convenient method to estimate
the drought tolerance of breeding materials of durum wheat. Plants exposed to water stress closed their stomata
to maintain their inner moisture contentand consequently, their transpiration and photosynthetic ratesand
productivity decreased (Turner, 1986; Hirayama et al., 2006). Figure 4 and 5 the high correlation coefficient of
canopy temperature with yield. It is considered that higher vaporization by transpiration took more heat from the
plant body. The ability to maintain a lower leaf temperature may indicate high transpiration and photosynthetic
ratesand productivity under drought. Similar results were reported by Hirayama et al., (2006) for rice. In
addition, Fischer et al., (1998) reported that stomatal conductance, photosynthesis and canopy temperature were
closely related with yield in spring wheat. The evaluations and line selection of drought tolerance based on the
canopy temperature could also be effective in durum wheat to develop highly tolerant varieties to drought. The
results of this study show that genotypes differ in their canopy temperatures and Chlorophyll content values
under well-watered and moisture-stressed conditions. Significant correlation found in this study between this
characteristic and yield and drought susceptibility index values indicated the potential for screening durum
wheat genotypes for drought response.

Table 1: Mean total chlorophyll content (SPAD) in well-watered (w) and moisture-stressed (S), Yiled in well-watered (Yp) and moisture-
stressed(Y's) and canopy temperature in well-watered (DW), moisture-stressed (DT).

Yield Canopy SPAD
temprature

No. Genotype Yp Ys SSI DT DW S Y

1 Beltagy-3 212 130 0.77 34.5 20.6 46.2 48.8

2 Omrabi-5 282.5 180 0.72 39.3 20.3 48.1 52.26

3 Adnan-1 355 87.5 1.50 42.5 21.66 43.33 54
4 Adnan-2 470 160 1.31 39.3 223 43.9 483

5 Mgnl3/Ainzen-1 297.5 170 0.85 39.7 23.6 46.8 51.9

6 Stj3/Ber/Lks4/3/Ter3 257.5 187 0.54 35.6 20.6 46.3 46.1

7 Huarani-3 230 177.5 0.45 343 21 472 49.9

8 Stj3//Ber/Lks4/3/Ter-3 440 162.5 1.26 37.6 21.3 423 44.8

9 Beltagy-2 430 147.5 1.31 41 22.33 43.3 48.43
10 Beltagy-4 300 190 0.73 34.3 22.3 45.6 46.53
11 Korifla 505 185 1.27 39 22 43.03 47.03
12 Ter-1//Mrfl1/Stj2 315 182.5 0.84 40.3 21 42.97 45.13
13 Ter-1/Mrf1/Stj2 362.5 112.5 1.37 36.6 21 42.06 48.9
14 Ter-1/3/Stj3//Ber/Lks4 290 163.3 0.69 37.6 21.3 46.6 46.9
15 Ter-1/3/Stj3//Ber/Lks4 300 199.5 0.67 35.6 22.3 45.7 48.4
16 Waha 312.5 145 1.07 40.2 21 43.6 50.2
17 Beltagy-1 275 120 1.12 38.4 21 414 47.1
18 Mrf1/Stj2//Gdr2/Mgnl1 357.5 142.5 1.2 38.7 20.6 43.1 46.6
19 Azeghar-1//Blm/Mrf-2 254.5 185 0.54 36.6 21 46.44 452
20 Giadara-2 250 187.5 0.5 35.6 23.3 48.8 52.06
21 Bicrederaa/Azeghar-2 275 207 0.49 35.2 21.6 442 46.66
22 Azegharl/6/Zna- 242.5 92.5 1.23 39.4 20.6 4223 44.13

1/5/4/Ruff//Jo/Cr3/F9.3
23 Msb-1//Krf/Hen 400 187.5 1.06 38.6 20.6 43.6 46.6
24 Darl-4/5/cbc//No/Nia/Lfd/4 282.5 117.5 1.16 40.3 22 41.9 49.5
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Fig. 1: Association between canopy temperature and stress susceptibility index in moisture-stressed condition.
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Fig. 2: Association between canopy temperature and total leaf chlorophyll content in moisture-stressed
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Fig. 3: Association between total leaf chlorophyll content and canopy temperature in well-watered condition.
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Fig. 4: Association between canopy temperature and yield in moisture-stressed condition.

Canopy temprature

24 -
23.5 4
23
22.5 4
22
21.5 4
21 A
20.5 4

20

y = 0.0022x + 20.768|
R? = 0.0382

-

* o0 o

* oo

.

100 200 300 400 500 600
Potential Yield (Yp)

Fig. 5: Association between canopy temperature and yield in well-watered condition.
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