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Abstract
The main objective of the study was to validate the use of canopy temperature depression (CTD) as a rapid early
generation screening tool for drought tolerance in wheat breeding. CTD was measured at 3 drought sites in Romania
(Valu lui Traian, Modelu, Drăgăneşti-Vlaşca) on F6. Measurements of chlorophyll content (CHL) on F6 individual
plants showed significant correlations with yield. Since a reliable yield estimate requires a plot approximately three
times bigger than that needed for an estimate of CTD and CHL, the use of these methods instead of yield estimates may
be considerably more efficient. Using alone either CTD or CHL could not provide enough data for drought resistant
selection on winter wheat lines. Alternatively, both yield and CTD and CHL could be combined in a selection index as a
more powerful indicator of drought tolerance. During the analysed period of three years, the climatic conditions were
very different from one year to another. Forty-five lines of winter wheat in two repetition have been used for
experiments, conducted in 3 locations in south of Romania. The study shows that genotype with high CTD values are
correlated with high CHL values, but has lower drought tolerance. The lines with lower CTD values and high CHL
values represent genotypes with high yield on drought conditions.
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INTRODUCTION

of high vapour pressure deficit conditions
(Amani et al., 1996).
CTD has been used as a selection criterion for
tolerance to drought and high temperature
stress in wheat breeding and the used breeding
method is generally coming by mass selection
in early generations like F3 (Reynolds et al.,
2001).
Canopy temperature depression is highly
suitable for selecting physiologically superior
lines in warm, low relative humidity
environments where high evaporative demand
leads to leaf cooling of up to 10 °C below
ambient temperatures. This permits differences
among genotypes to be detected relatively
easily using infrared thermometry. However,
such differences cannot be detected in high
relative humidity environments because the
effect of evaporative cooling of leaves is
negligible (Reynolds et al., 2001).
Chlorophylls are a dominant factor controlling
leaf properties of healthy green vegetation and
are thus an essential part of the photosynthetic
process. They harness light energy from the sun
to store it as chemical energy (Richardson et

High CTD has been used as a selection
criterion to improve tolerance to drought and
heat (Amani et al., 1996; Ayeneh et al., 2002;
Blum, 1996; Blum et al., 1989; Pinter et al.,
1990; Rashid et al., 1999; Reynolds et al.,
1994, 2001; Fischer et al., 1998) and has been
associated with yield increase among wheat
(Triticum aestivum L.) cultivars at CIMMYT
(Fischer et al., 1998). The suitability of CTD as
an indicator of yield and stress tolerance have
been reported also by literature (Reynolds et
al., 2001). CTD frequently shows a better
association with yield and grain number than
with total biomass (Reynolds et al., 1997,
1998).
CTD effected by biological and environmental
factors
like
wind,
evapotranspiration,
cloudiness,
conduction
systems,
plant
metabolism, air temperature, relative humidity,
and continuous radiation (Reynolds et al.,
2001), has preferably been measured in high air
temperature and low relative humidity because
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The greatest chlorophyll content in plants
occurs at the outset of the flowering phase, and
chlorophyll is believed to take part in the
process of organogenesis (Simova et al., 2001).
Nitrogen concentration in wheat leaves is
related to chlorophyll content, and therefore
indirectly to one of the basic plant
physiological
processes:
photosynthesis
(Haboudane, 2002; Amaliotis et al., 2004;
Lelyveld et al., 2004; Cabrera, 2004).
The content of chlorophyll content and levels
of other leaf biochemical constituents can be
used as indicators of crop stress under
conditions of nutritional deficiencies (Tejada Zarco, 2004).

al., 2002). For optical methods for measuring
leaf Chlorophyll content, index values (e.g.
SPAD-Value) are commonly used to specify
the relative leaf Chlorophyll content
(Richardson et al., 2002; Suess et al., 2015).

MATERIALS AND METHODS
Figure 1. Factors affecting canopy temperature
depression (CTD) in plants (Reynolds et al., 2001)

Trial was conducted in 2014-2016 years at
Valu lui Traian, Modelu and Drăgăneşti-Vlaşca
Research Station situated in south of Romanian
Plane. Soil texture and type as well as climatic
condition varies from one trial station from
another, but were generally drought conditions.
The lower annual average temperature during
wheat vegetation period was registered on 2014
at Drăgăneşti Vlaşca – 7.560C, and maximum
average temperature was registered on 2015 at
Valu lui Traian – 10.580C. The minimum
rainfall during wheat vegetation season was
255.7 mm in 2013 at Valu lui Traian and
maximum 472.7 mm in 2016 at DrăgăneştiVlaşca. In this study, 30 wheat lines in two
replicates each for one station have been
analysed using a randomized block. Plots were
planted at a seeding rate of 300 seed per m2.
The dimension of one plots was 10 m2. In order
to characterize the chlorophyll content of wheat
lines have been used a Chlorophyll Content
Meter CCM 200 Plus produced by
OPTISCIENCE Hudson, USA, which analyse
the optical transmittance of wave of light at
653 nm and 931 nm with precision of
repeatability ± 5%, which could operate at a
range of temperature from 0 to 500C. Every
data is resulted from auto average from 10
measurement points. The measurement have
been made in three different phenophases of
wheat development: EC 43, EC 52 and EC 75.
All measurement for all location have been
made at 10:00 to 10:30 hours in the morning.

Chlorophyll content is one of the indices of
photosynthetic activity (Larcher, 1995). There
is usually 4-5 mg of chlorophyll per unit of leaf
surface in wheat flag-leaves and it is an
indicator of photosynthetic activity (Bojovic et
al., 2005)
Leaf chlorophyll content is often highly
correlated with leaf N status, photosynthetic
capacity (Evans, 1983; Seemann et al., 1987).
It has been reported in several studies that there
widely exists a difference of chlorophyll
content among different wheat genotypes under
the identical climatic, soil and farming
conditions (Paknejad et al., 2007; Tas et al.,
2007; Guóth et al., 2009; Keyvan, 2010; Kiliç
and Yagbasanlar, 2010).
Leaf chlorophyll content was positively
correlated with photosynthetic capacity (Araus
et al., 1997), high chlorophyll content in leaves
was considered as a favourable trait in wheat
crop production (Teng et al., 2004).
Chlorophyll content parameter is a good
indicator for predicting yield and drought
resistance for wheat (Ping Li et al., 2012).
Drought resistance genotypes of wheat had
much higher Chlorophyll content evaluated at
anthesis wheat development stage (Ping Li et
al., 2012).
Chlorophyll content is directly related to
nitrogen status, considering that most of the
leaf nitrogen is integrated in chlorophyll.
(Richardson et al., 2002).
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determined by testing against the error mean
square.

CTD measurements were made by infrared
thermometer (Model Optris Laser Sight- Optris
GmbH Berlin, Germany) equipped with an
laser class II, using IR radiation with wave
lengh of 630-650 nm, with temperature
resolution at 0.10C and an accuracy IR of
0.750C, repeatability of ±0.05 K, range
temperature from -35 to 9000C capable to make
measurement at RH from 10 to 95% and at
environmental temperature range from -30 to
650C. Measurement have been made at late
morning cloudless periods (10:30 to 11:00
hours).

Figure 3. Measuring canopy temperature depression with
an infrared thermometer on wheat flag-leaf
(Reynolds et al., 2001)

Plots were harvested using a Wintersteiger
Classic small plot combine (1998 Wintersteiger
Elite). Grain yield was determined from the
grain weight with a moisture content of 12% of
each plot for each genotype.
Figure 2. Infrared thermometer Optris Laser Sight used
for CTD determination (Optris GmbH, Germany)

RESULTS AND DISCUSSIONS
Measurement of Canopy Temperature Depression
have been measured at three intervales of time,
respectively CTD 1 at EC 43 stage, CTD 2 at
EC 52 and CTD 3 at EC 75 for all three
locations (Modelu, Valu lui Traian and
Drăgăneşti-Vlaşca). In same time the
chlorophyll content have been measured CHL 1
at EC 43, CHL 2 at EC 52 and CHL 3 at EC 75.
The measured values have been varying from
one measured stage from another and from one
location to another for same variety of wheat.
Anyhow, the yield has been varying from one
location to another and from one year to
another for same variety of wheat.
For drought condition from south part of
Romanian Plane, the heist yield have been
obtained for all research station, and for all
experimental years from varieties which have
as characteristics lower CTD values and higher
values for Chlorophyll content. This is in
correlation with literature reports (Araus et al.,

As similar to method of Fischer et al. (1998),
the data for each plot were the mean of ten
readings, taken from the same side of each plot
at an angle of approximately 45° to the
horizontal in a range of directions such that
they covered different regions of the plot and
integrated just the flag leaves. It is important to
measure the trait when it is best expressed that
is, on warm, relatively still, cloudless days.
Some environmental flux during the
measurement period is inevitable, but
correcting data against reference plots, spatial
designs, use of replication, and repetition of
data collection during the collecting time can
compensate for this. Measurements were made
at different three periods on different
phenophases of wheat development: EC 43,
EC 52 and EC 75. Variance analysis of all
agronomical traits and CTD measurements on
each growth stage were carried out and the
significance of cultivar mean square
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a water consume low per unit. That is indicated
by a reduce cooling at leaves surfaces,
measured as a low value for Canopy
Temperature Depression.
Varieties considered drought resistant for
climatic conditions from Modelu presents
values of CTD lower than 1.5 K (Figure 4).

1997; Ping Li et al., 2012; Reynolds et al.,
1997, 1998, 2001).
For drought condition the influence of CTD is
negatively correlated with yield. The influence
is linear. For Modelu’ results of the R2 obtained
values have been 0.99 for CTD 1, 0.977 for
CTD 2 and 0.979 for CTD 3 (Figure 4).
From data obtained on Modelu has been
noticed that all drought resistant varieties have

Figure 4. Influence of Canopy Temperature Depression on Yield at Modelu Research Station

From data obtained has noticed that
Chlorophyll content of wheat’ leaves is
exponentially correlated with yield, that means
that increasing of Chlorophyll content has as
results exponentially increasing of yield (Figure
5). The values of Chlorophyll content vary
from 26.36% to 52.94% in phenophases EC 43;
from 25.08% to 52.78% at EC 52 and from
27.56% to 46.76% at EC 75. Have been noticed
that during rain filling the values of chlorophyll
content were decreasing.
Anyhow content of chlorophyll is directly
correlated with Nitrogen fertilizations (Evans,

1983; Seemann et al., 1987). From data
analysis, the R2 present for all CHL 1, CHL 2
and CHL 3 data computing value of 0.971
(Figure 5).
The highest values of Chlorophyll content
indicate the highest yield for all time of
measurement EC 43, EC 52 and EC 75 (Figure
5). Similar values have been reported in
literature (Bojovic et al., 2005).
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Figure 5. Influence of chlorophyll content on yield at Modelu Research Station

The F6 tested breeding line of wheat, analysed
in Modelu for drought resistance present a
correlation between Canopy Temperature
Depression and Chlorophyll content for all
collected data. The lowest CHL 1 is correlated
with higher CTD 1, the lowest CHL 2 is
correlated with higher CTD 2, the lowest CHL

3 is correlated with higher CTD 3 and has
presented by lines with lowest yield obtained in
climatic conditions of Modelu. Ad contrarium,
the highest Chlorophyll content is correlated
with lower Canopy Temperature Depression
and is presented by wheat line with highest
yield obtained in Modelu climatic conditions.

Figure 6. Correlations between Chlorophyll content and Canopy Temperature Depression plotted against yield
for Modelu data analysis
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At Valu lui Traian Research Station the values
obtained for Chlorophyll content and Canopy
Temperature Depression presented different
values than those obtained at Modelu, also the
yields have different values from yields
obtained in Modelu, but the highest yield has
been obtained by the same wheat line as in
Modelu. The highest yield is correlated with
highest values of Chlorophyll content and

lowest value of Canopy Temperature
Depression (Figure 6).
The Chlorophyll content has exponentially
correlated with yield and Canopy Temperature
Depression is inverse direct correlated with
yield. The R2 correlation values are 0.94 for
CHL 1, 0.94 for CHL2 and 0.83 for CHL 3;
0.91 for CTD 1, 0.97 for CTD 2 and 0.85 for
CTD 3 (Figure 7).

Figure 7. Influence of Chlorophyll content and CTD on yield on Valu lui Traian Research Station

Data obtained on Drăgăneşti-Vlaşca Research
Station confirm results obtained in previous
locations (Figure 8).
During EC 75 a high heat stress affected
experimental location which is recorded on
CHL 3 and CTD 3 values.
The analysed varieties with lower CTD and
high CHL gave the high yield. Due to a late
generation of breeding selection F6, the

analysed wheat lines act as a training
population. Even that the yields have been
different and also the absolute values of CHL
and CTD, the behaviour of lines have been
similar to all environment analysed.
However, the behaviour of genetic lines has
been correlated with CTD and CHL analysed
data and shown repeatability and heritability.
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Figure 8. Influence of Chlorophyll content and CTD on yield on Drăgăneşti-Vlaşca Research Station

CONCLUSIONS
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Prediction of drought resistant lines of winter
wheat in breeding selection population could be
made using Canopy Temperature Depression
and Chlorophyll content analyses.
Using alone either CTD or CHL could not
provide enough data for drought resistant
selection on winter wheat lines due to different
climatic conditions from one year to another.
Alternatively, both yield and CTD and CHL
could be combined in a selection index as a
more powerful indicator of drought tolerance.
The values of CTD and CHL, for one lines
varies from one trial location to another and
from one year to another for same location, due
to different climatic or soil conditions, but the
hierarchy of lower CTD values or higher CHL
values are maintained. Screening on F6
breeding generation validate selection on early
breeding generation and indicate the
appropriate candidates suitable for testing on
drought condition on F7 breeding generation.
The study shows that genotype with lower
CTD values and high CHL values represent
genotypes with high yield on drought
conditions.
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