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Abstract: To evaluation the efficiency of canopy temperature depression (CTD) and chlorophyll content (CHL)
at different growth stages in term of screening of drought tolerant wheat genotypes under rainfed condition,
four tolerant and four sensitive bread wheat genotypes were tested during 2008-2009 and 2009-2010 growing
seasons. Yield parameters, CTD, CHL and crop phenology were examined. Significant differences were observed
among wheat genotypes for all traits (except of spike length), considering the different levels of drought
tolerance  of  used genotypes. CTD had significant correlation with grain yield at anthesis half-way (ZGS 65)
(r = 0.79  in 2008-2009 and 0.88 in 2009-2010) and medium milky stage (ZGS 75) (r = 0.80  in 2008-2009 and 0.75* ** * *

in 2009-2010). The CTD at ZGS 65 appeared to be directly most related to yield for G1, G2, G3 and G4, the
genotypes which were well adapted to drought. CHL had significant correlation with yield components only
at ZGS 75 as only positive significant association of grain yield and chlorophyll content at ZGS 75 (r = 0.80  in*

2008-2009 and 0.71  in 2009-2010). There was a positive significant correlation between stress tolerance index*

(STI) and CTD at Zadoks growth scale (ZGS) 65 (r = 0.84 ) and ZGS 75 (r = 0.79 ), while STI significantly** *

correlated with CHL only at ZGS 75 (r = 0.78 (, that confirmed grain yield can be predicted by CTD values at ZGS*

65 and ZGS 75 and by CHL values in ZGS 75. So, CTD and CHL at the mentioned stages can be used as
potential selection criterions for grain yield and wheat drought tolerance in breeding programs.

Abbreviations: STI  Stress tolerance index  ZGS  Zadoks growth scale

Key words: Canopy temperature  Chlorophyll content  Drought tolerance  Wheat

INTRODUCTION germplasms with  high  and  stable   yield   in  such

Wheat (Triricum aestivum L.) as a strategic crop has varieties   for   variable   water   stressed   environments
a vital role in the third world national's economy and has  been   a   difficult  task  of  cereals  breeding
known as main food crop in abiotic stress prone areas programs. The multitude of factors involved in plant
which have low output productivity. However, drought response to water stress makes it difficult to provide a test
stress which associated with heat stress at the end of of drought tolerance [4]. Drought tolerance in cereals can
growing session (during anthesis and grain filling stages) be improved through defining drought problem,
is the main limiting factor which caused major losses in identifying drought tolerance traits, developing screening
cereals productivity of arid and  semi  arid  regions  like techniques and their relationship with yield. Another
South-West of Iran [1, 2]. These limiting factors led to major limitation has been the lack of a technique (s) to
lower average wheat yield in Iran (2028.5 kg ha ) than identify drought tolerance that is repeatable and that can1

global average wheat yield (3024.8 kg ha  ) [3]. Therefore, be used in populations where genetic segregation is1

the release and introduction of drought tolerant present.

regions is very important. Development of suitable
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Many traits including yield components, desirable characteristic. According to Farquhar et al. [18],
morphological, phenological and physiological traits have high chlorophyll content indicates a low degree of
been suggested  as  indirect criterion  to  screen  drought photoinhibition of the photosynthetic apparatus,
tolerant wheat genotypes [5-8]. Under water-limited therefore reducing carbohydrate losses for grain growth.
conditions, the ability to extract water which is available Chlorophyll content (CHL) in leaves can be measured by
in deep soil profiles has been identified as the one of the a non-destructive, rapid and easy technique using a
most important mechanism for drought adaptation as SPAD meter, this physiological trait may be important to
shown by a strong association of canopy temperature be used as screening criteria if they would be closely
(CT) with wheat yields [9, 10]. According to Blum et al. associated with drought tolerance of genotypes at water
[11], comparison of canopy temperature depression stress condition.
relative to air temperature makes it possible to detect Balota et al. [19] and Delgado et al. [20] identified the
genotypic differences related to the genetic improvement tolerant cultivars in regard to more leaf chlorophyll
of cereals for water-limited environments. Because canopy retention under stress conditions. These two
temperature depends on the quantity of water transpired physiological traits have a high association with grain
by the leaves, being an integrative measure of a group of yield and have been important for yield progress and
mechanisms that range from the radical absorption of breeders regularly select for desirable expression of these
water to the stomatal control of transpiration. When traits to maintain adaptation and optimal yield [21-24]. 
stomates close because of reduced water status, leaf Studies that have been used CTD, have almost
temperature  rises  above  ambient  air  temperature  [12]. always relied on measurements taken during very short
In fact, under drought stress, those genotypes that periods (seconds or minutes), in part due to
present smaller canopy temperature will use more of the instrumentation limitations [25]. A few studies have
available water in the soil, thus limiting the negative effect focused exclusively on the effectiveness of specific plant
of water stress on grain yield [11]. Hatfield et al. [13] growth stage (s) for evaluation CTD and chlorophyll
found that genotypes with warmer CT in the early season content in regard to amount of their associations with
conserve moisture due to less transpiration and use it for grain yield. In an study conducted by Balota et al. [25],
later part of the growth period. As a result, CT becomes CTD was measured in wheat under dryland and irrigation
cooler during the later growth stage. However, little effort at preheading, anthesis and one to five weeks after
has been devoted to study the variations in CT among anthesis and they observed that the best linear
wheat genotypes which can be used as an indicator for correlations between yield and CTD were obtained when
adaptation to drought and consequently, yield CTD was sampled at anthesis and good estimates were
performance under such conditions. Canopy temperature also obtained from one to three weeks from anthesis.
depression (CTD) shows high genetic correlation with Balota et al. [19] and Reynolds et al. [26] suggested that
yield and high values of proportion of direct response to during heading/anthesis stage would be the best time for
selection [14], indicating heritability and therefore measuring CTD regarding to high correlation with grain
amenability of this trait to early generation selection. yield. Other studies focused on best times of the day in

In addition to CT, Chlorophyll content is the other term of CTD and CHL sampling rather than growth stages.
physiological trait which can be either rapidly phenotyped For instance, under irrigated conditions in a hot
and/or informative about how adaptation to drought can environment of Mexico, Amani et al. [27] found that
arise. Traits such as these that are rapid and integrative in correlations for CTD and yield among wheat cultivars was
nature are increasingly recognized not only as useful highest when CTD was measured between 1200 and 1600
selection tools in breeding [15] but also as valuable h at higher vapor pressure between preheading and grain
screens for high throughput phenotyping of mapping filling stage. Hofmann et al. [28] measured CTD after full
populations [16, 17]. The chlorophyll meter provides an crop establishment, Pinter et al. [29] between 1000 and
indirect estimation of leaf health for photosynthesis as 1600 h, Reynolds et al. [30] from 1200 to 1600 h and Blum
associated with leaf early senescence [15]. The et al. [31] and Royo et al. [32] at 1200 h from anthesis to
maintenance of healthy green leaves under stress can be 2 weeks postanthesis. According to Bilge et al. [22], at
interpreted as stress tolerance for either drought or heat late periods of heading in bread wheat, CTD value
conditions [9,10]. positively correlates with grain yield and grain numbers

For most of dryland areas, water stress and high level per spike. Delgado et al. [20] introduced grain filling as
of irradiation are common occurrences during anthesis best time for evaluation of chlorophyll content. Also,
and grain  filling.  Hence,  high  chlorophyll  content  is  a Reynolds et al. [26] reported in some cases grain filling
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stage and in some others experiments, anthesis stage was In this experiment, eight bread wheat genotypes
the best time for  evaluation  of  chlorophyll  content. (including: four tolerant and four sensitive genotypes)
These varied results may be due to different evaluated (Table 1) were used in drought and irrigated conditions.
environments, because the occurrence time, duration and Drought tolerance/susceptibility of these genotypes was
intensity of heat and drought stress periods and daily examined during primary and advance trials, previously.
solar radiation are not similar in different regions. In Two wheat varieties (Kouhdasht and Zagros) which used
addition, researchers have suggested different moisture as control, widely cultivate as drought tolerant varieties
conditions for CTD sampling; for example Blum et al. [31], with acceptable yield potential, in the South and West
Gardner et al. [33], Mtui et al. [34] have suggested that regions of Iran. Genotypes were arranged in a factorial
CTD should be measured under water-stress conditions experiment which was laid down in a randomized complete
to identify cooler canopies because higher associated block design with four replications. Plots were sown at a
transpiration  rates  indicate  greater  growth  and yield seeding rate of 300 seed per m  on 15  December of both
[31-34]. Amani et al. [27] stated that, for a given genotype, years. Plots contain seven rows, 7.03 m long and border
CTD is a function of a number of environmental factors, of 15 cm in wide. Before planting, 50 kg ha  N plus 50 kg
principally soil water status, air temperature, relative ha  P O  was added to the soil for provision of fertilizer
humidity and incident radiation. The trait is best necessity. No any disease symptoms were observed
expressed  at   high  vapor  pressure  deficit  conditions during growth season and weed control was done by
associated with low relative humidity and warm air hand. The summary of weather condition for two years of
temperature. For these reasons, CTD is not a useful growth season (December to May) was taken in Table 2.
selection trait in generally  cool  and/or  humid The phenological characteristics of the different
conditions. These statements indicate that to achieve genotypes were determined considering the number of
reliable indications of crop water status and yield days elapsed between sowing and heading [that is, days
performance during drought, the behavior of canopy to heading (DHE), taken when 50% of the shoots had the
temperature and chlorophyll content should be entire spike showing above the flag leaf]. To estimate
investigated under stress condition. Others have days to maturity (DMA), the number of days between the
suggested  measuring  CTD under well-watered sowing date and the time at which 50% of the spikes had
conditions  to   identify  warmer  canopies  because matured, was counted.
smaller associated transpiration rates indicate greater A hand held infra-red thermometer [Model: LT300,
water  conservation  and  therefore  more  water  for Sixth Sense, Total Temperature Instrumentation, Inc (DBA
growth and reproduction later in the season [35, 29]. Instrument)] was used to measure canopy temperature
Therefore, identification of the best growth stage(s) and which was focused to 5:1 meter. Measurements were done
environmental condition for CTD and CHL measuring in just after solar noon when plant water deficit is maximized.
regard to screening of drought tolerant wheat genotypes Since plant water status changes with the march of the
for given region needs more study. day, measurements of the population were done within

The objectives of this study were (i) to determine about two hours. Replications were measured along time.
how canopy temperature and chlorophyll content can be According to Fischer et al. [36], the data for each plot
used to identify tolerant wheat genotypes under drought were the mean of four readings, taken from the same side
condition and (ii) to determine optimal CTD and CHL of each plot at an angle  of  approximately  30°  to  the
sampling conditions in term of growth stage for screening horizontal in a range of directions such that they covered
drought tolerance wheat genotypes. different regions of  the  plot  and  integrated  many

leaves.  In  this  study the SPAD chlorophyll meter
MATERIALS AND METHODS (Model: SPAD-502-Konica Minolta Sensing, Inc) was

To evaluation canopy temperature depression and content. Measurements were made at different three
chlorophyll content efficiency  to  screen  of  drought stages on first week of March [Zadoks Growth Scale
tolerant bread wheat genotypes under drought condition, (ZGS) 50, first spikelet of inflorescence visible] as stage 1,
a field experiment was conducted during 2008-2009 and between second and 3th weeks of March [ZGS 65,
2009-2010 growing seasons  in  the  Agricultural Anthesis half-way] as stage 2 and last week of March
Education Center of Gachsaran, Iran [50°50'N, 30 17'W, [ZGS 75, medium milk] as stage 3 [37] regarding too

altitude 710 m] with calcareous soil type and Silty Clay different heading times of genotypes. Volumetric soil
Loam texture,  pH:  7.3  and organic  matter  less  than  1%. water  content  was determined with a soil moisture meter

2 th

1

1
2 5

used to acquire a rapid estimate of flag leaf chlorophyll
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Table 1: Wheat genotypes involved in this study, their pedigrees and drought tolerance/sensitivity status.
Genotype No. Pedigree Tol/Sens
1 PRL/2*PASTORCGSS97Y00034M-099TOPB-027Y-099M-099Y-099M-27Y-0B Tolerant
2 KAUZ*2/TRAP//KAUZCRG744-9Y-010M-0Y-0HTY Tolerant
3 KOUHDASHT (National check) Tolerant
4 ZAGROS (National check) Tolerant
5 YUMAI 13/2*KAUZ Sensitive
6 SW89.2089/KAUZ CMSS93B00870S-2Y-010M-010Y-010M-7Y-0M-6M-0Y Sensitive
7 PBW343 CM85836-4Y-0M-0Y-8M-0Y-0IND Sensitive
8 SERI*3//RL601 0/4*YR/3/P ASTOR/4/BA V92 CMSS96 M05696T-040Y-14M-O1 OSY-O1 OM-O1 OSY-4M- OY Sensitive

(TDR 100 Spectrum Technologies, Illinois, USA) from the summery of combined analysis of these traits under
upper 10 cm soil layer of the experimental site during
March of 2008-2009 and 2009-2010. After physiological
maturity, plots were harvested and yield and yield
components were determined. For this purpose, spikes
from the centre square meter of each plot were sampled
and the number of spikes per unit area, number of grain
per spike and individual grain weight were measured.
Mean plant height in centimeter from the base to the top
of the main stand was thus estimated.

In order to evaluation of CTD and CHL efficiency to
screen of drought tolerant genotypes, STI (stress
tolerance index) [38] calculated based on the following
formula and its correlation with CTD and CHL was
estimated:

Yp, Ys and  were grain yield of each genotype
under optimum condition, grain yield of each genotype
under stress condition and mean of grain yield over all
genotypes evaluated under optimum condition,
respectively.

Combined analysis of variance was performed for
evaluated traits according to factorial design. Statistical
analysis and mean comparison for all agronomical traits,
CTD and CHL measurements of each growth stage were
performed using Duncan multiple-range test at the 5%
probability level. Phenotypic correlations were calculated
between average grain yield, CTD, CHL at three different
stages and evaluated traits under drought stress. SAS 9.1
[39] and EXCEL software were used for these analyses.

RESULTS

Means of yield, yield components, some
agronomical traits, CTD and CHL content at stage 1, stage
2 and stage 3 of evaluated bread wheat  genotypes  and

drought condition are given in Table 3 and 4. The
combined analysis of variance over two years showed
significant differences for all studied traits, except spike
length. Year effect on spike length, grain number per
spike, CTD and CHL at stage 2 and 3 was not significant,
whereas genotype × year interaction was significant for all
characters, except spike length. Significant differences
were observed among wheat genotypes for all traits
(except of spike length), considering the different levels of
drought tolerance of selective genotypes.

According to the results, there were significant
differences among genotypes in respect of CTD (Fig. 1).
In the first year, CTD values of the stage 1 (first spikelet
of inflorescence visible) ranged from 0.71 for genotype
number 8 (G8) to 2.15 (G3); at the Stage 2 (anthesis half-
way) ranged from 1.87 (G5) to 3.91 (G3) and differed from
-0.05 (G6) to 2.5 (G ) at stage 3 (medium milky stage). In1

the  second  year, CTD values of stage 1 were between
0.97 (G7) and 2.54 (G3); ranged from 1.1 (G8) to 3.45 (G1) at
the stage 2 and varied from -0.45 (G5) to 2.01 (G3) at the
stage 3. Correlation between CTD values and grain yield
at pre-anthesis was not significant in both two years, but
CTD significantly correlated with grain yield at stage 2
and 3 (Table 5).

In the first growing season, there was not
significantly different among genotypes for CHL values
at stage 1, whereas genotypes have significant
differences in respect of CHL at stages 2 and 3 during
both years (only the data related to average of two years
was presented). Based on values obtained in the first
year, CHL varied from 34.8 (G2) to 46.2 (G4) at the stage 1;
from 39.9 (G8) to 49.2 (G4) at stage 2 and from 37.8 (G7) to
45.8 (G1) during stage 3. In the second year, CHL values
changed between 38.1 (G5) to 44.5 (G4) at stage 1, ranged
from 41.4 (G6) to 47.2 (G3) and from 39.2 (G5) to 45.3 (G4)
at stages 2 and 3, respectively. 

Correlations between CHL and grain yield were not
significant at stages 1 and 2 during two years of study,
but grain yield significantly had positive correlation with
CHL at stage 3 in both years (Table 5).
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Table 2: Summary of weather conditions before, during and after canopy temperature depression (CTD) and chlorophyll content (CHL) measurements during
two growing seasons (2008-2009 and 2009-2010) at Gachsaran Dryland Agricultural Research Station, Iran. 

Mean Max. Max soiltemp. Mean daily Total Mean
airtemp. airtemp. at10 cm Solar radiation Precipitation evaporation wind speed

Year Period (°C) (°C) (°C) (Wm ) (mm) (mm) (m s )1 1

2008-2009 From planting to start of CTD 
and CHL measurements 12.1 19.6 13.3 358 62 176.5 3.8
Stage 1a 17.7 29.0 14.5 495 0 5.4 1.0
During CTD and CHL 
measurements Stage 2b 19.5 29.0 15.1 550 0 4.4 1.0
Stage 3c 16.1 25.6 13.2 545 27.5 6.8 2.0
February 14.5 21.2 12.5 286 23.2 96.5 3.5
March 17.8 25.6 14.5 385 27.5 160.1 4.3
April 20.2 27.8 20.6 347 19.9 165.2 4.5
May 28.9 38.3 31.2 644 0 344.5 5.5

2009-2010 From planting to start of CTD 13.9 21.1 12.5 374 149.2 198.4 2.7
and CHL measurements Stage 1 20.5 30.6 14.6 479 0 3.7 0
During CTD and CHL 
measurements Stage 2 21.9 33.8 16.2 560 7.1 5.0 1.0
Stage 3 19.5 29.0 16.5 535 0.2 4.1 2.0
February 13.8 20.7 11.5 330 54.8 48.4 3.5
March 19.1 28.1 15.3 402 7.3 152.5 3.0
April 22.4 30.4 20.8 336 25 203.5 4.6
May 27.6 37.0 27.8 539 34.1 336.5 4.7

First week of March (ZGS 50, First spikelet of inflorescence visible). a

From second week to 3th week of  March (ZGS 65, Anthesis half-way).b

4th week of March (ZGS 75, Medium milk).c

Table 3: Means of yield, yield components and some phenological traits of evaluated genotypes during two years of study. 
Genotype No. DHE DMA PLH SL (cm) G/S S/m TGW (g) GRY (kg ha )2 1

1 97  bc 119 d 76.1 a 8.9 a 37 a 362 a 26.3 a 3258 a
2 98  b 120 cd 83.9 a 9.0 a 33 c 352 ab 26.8 a 2918 b
3 98  b 121 c 74.4 a 9.0 a 36 b 329 b 23.3 ab 2616 c
4 95   c 120 cd 78.7 a 9.7 a 31 d 347 ab 24.3 a 2387 d
5 100 ab 122 bc 71.9 b 8.6 a 16 h 270 c 17.4 b 681 f 
6 102 a 125 a 76.0 a 8.4 a 21 f 321 b 19.7 b 1287 e
7 99  b 123 b 81.0 a 8.8 a 29 e 312 b 19.0 b 1145 e
8 98  b 122 bc 80.2 a 9.6 a 20 g 330 b 18.8 b 1068 e
Average 98 122 77.8 9.0 27 327 21.9 1920
Year (Y) * ** * ns ns * * *
Genotype (G) ** * * ns ** * ** **
Y×G * ** * ns * * * **
C.V. (%) 7.29 9.13 4.31 2.26 10.71 15.62 9.38 13.44
Means followed by the same letter are not significantly different at the 5% probability level.Levels of significance indicated: * Significant at p <0.05. **
Significant at p <0.01. ns, non significant.Abbreviations: DHE, number of days to heading; DMA, number of days to maturity; GRY, grain yield;  G/S, grain
number per spike; PLH, plant height; SL, spike length; S/m2, spike number per square meter; TGW, thousand grain weight. 

DISCUSSION where stress occurs during anthesis and grain filling.

Phenological and Morphological Traits: Number of days heading (DHE) and days to maturity (DMA) for each
to heading and reach maturity reduced under stress genotype under water stress condition. The difference
condition [2]. Reducing heading time has been a between the earliest (G4 and G1) and  latest  (G6)
successful strategy when breeding for environments genotype for DHE and DMA was 7 and 5 days,
characterized by terminal stress factors [40]. This strategy respectively. Although some of the drought tolerant
has achieved good results because earliness is probably genotypes had a less DHE than the susceptible
the most effective way to increase yield in conditions genotypes,   the   difference   between  the two groups of

Table 3 shows the number of days from sowing to
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Table 4: Combined analysis of variances and average values for CTD and CHL for tolerant and sensitive bread wheat genotypes. 
Stage 1 Stage 2 Stage 3
--------------------------------------- -------------------------------------- -----------------------------------

Genotype (Tol/Sen) 2008-2009 2009-2010 2008-2009 2009-2010 2008-2009 2009-2010
CTD† (°C) TOL 1.95 a 1.63 a 2.71 a 2.83 a 1.29 a 1.40 a

SEN 1.31 b 1.53 a 1.84 b 2.18 b 0.78 b 0.94 b
Average 1.63 1.58 2.28 2.51 1.04 1.17
Year (Y) * ns ns
Genotype (G) ** ** **
Y×G * * *
C.V. (%) 3.67 4.20 3.78

CHL‡ (SPAD unit) TOL 42.13 a 44.34 a 45.67 a 46.21 a 45.69 a 42.71a
SEN 43.06 a 41.44 b 43.59 b 43.91 b 42.18 b 40.32 b
Average 42.60 42.89 44.63 45.06 43.94 41.52
Year (Y) * ns ns
Genotype (G) ** ** **
Y×G * * *
C.V. (%) 12.06 11.67 10.81

† Canopy temperature depression‡ Chlorophyll contentMeans followed by the same letter are not significantly different at the 5% probability level.Levels of
significance indicated: * Significant at p <0.05.   ** Significant at p <0.01. ns, non significant.

Table 5: Correlation coefficient of grain yield and average of two year STI with CTD and CHL at three growth stages. Correlation coefficients calculated with
the mean data of all genotypes across four replicates.

Canopy temperature depression (°C)
-------------------------------------------------------------------------------------------------------------------------------------------------
Stage 1 Stage 2 Stage 3
------------------------------------- -------------------------------------- -------------------------------------

Trait 2008-2009 2009-2010 2008-2009 2009-2010 2008-2009 2009-2010
Grain yield 0.703 0.580 0.799* 0.884** 0.801* 0.756*
Average 0.642 0.842** 0.779*
STI † 0.68 0.84** 0.79*
Chlorophyll content (SPAD unit)
Grain yield 0.413 0.544 0.619 0.541 0.715* 0.796*
Average 0.479 0.580 0.756*
STI 0.50 0.61 0.78*
Levels of significance indicated: * Significant at p <0.05.   ** Significant at p <0.01.† Data are related to the correlation of average stress tolerance index (STI)
of all genotypes with CTD and CHL during two years of study. 

DHEs is less than 3 days in average in the present study difference in grain yield between barley genotypes. In
(Table 3). The difference could be reduced to about 1 day pearl millet, this average was 57% under terminal water
if comparing of genotypes was done without G4 and G6. stress conditions [44]. Evans and Wardlaw [45] indicated
Moreover, the DMA was not different between the two that variation in the DHE accounted for 5 to 10% of the
groups of genotypes in average. Therefore, it seems not variation in grain yield. The association between
likely that such a little earliness could bring about a precocity and yield under stress conditions has also been
considerable yield of drought tolerance genotypes. But observed in other cereals such as barley [46] and triticale
the  results  of  correlation  analysis   showed a [47]. Vaezi et al. [46] suggested that early heading permits
significant negative correlation between grain yield and a long grain-filling period, during which photosynthetic
DHE (r = -0.55 ) and DMA (r = -0.75 ) under water stress components remain green, improving grain filling because* *

(Table  6)  indicating  that this little earliness affects on the contribution to grain yield of post-anthesis assimilate
the yield of drought tolerant genotypes. The results is important in cereals. 
obtained by several authors show that the number of DHE and DMA showed a negative correlation with
days to heading/maturity and yield were negatively CTD and CHL at all three stages except at stage 1 which
correlated under stress conditions [2,41-43]. According to CTD showed non-significant positive correlation with
Mitchell et al. [42], variation in the number of days DHE (Table 6). The phenomenon is almost common as
required to reach anthesis explains 48-72% of the DHE and DMA have negative correlation with grain yield,
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Fig. 1: Radar plot area of eight evaluated genotypes no significant correlation with yield. CTD had a negative
under drought condition. Abbreviation of traits: association with plant height at stages 1and 2 whereas
CTD1, CTD2 and CTD3: canopy temperature this correlation was positive at stage 3. It could be due to
depression values at stage 1, stage 2 and stage 3, the fact that in the latter growth stage which plants have
respectively; CHL1, CHL2 and CHL3; chlorophyll higher height, leaves have erect formation and lower
content (SPAD unit) at stage 1, stage 2 and stage sun’s rays absorption and the canopy temperature
3, respectively; GRY: grain yield. Presented data includes the low leaf temperature of the under part within
are related to average of two years study. [LSD the canopy. Whereas, Plano leaves of the wheat at earlier0.05

for GRY, CTD1, CTD2, CTD3, CHL1, CHL2 and stages receive much energy and the canopy temperature
CHL3 are 0.20, 0.21, 0.41, 0.20, 5.57, 3.73 and 2.69, becomes high.
respectively].

Fig. 2: Precipitation and water content in the upper 10 cm March, water stress appeared at the pre-anthasis, anthesis
soil layer of the experimental site during March of (except end of anthesis stage) and grain filling period of
2008-2009 and 2009-2010. the  2008-2009 and appeared at the middle of the anthesis

have also negative correlation with those physiological
factors which have strong positive correlations with grain
yield under drought stress. Another fact is that, as the
soil water becomes limiting, transpiration is reduced and
leaf temperature increases. If transpiration is greatly
reduced or ceases, leaf temperature will be greater than air
temperature because of radiation absorbed by the leaf;
one can expect the CTD readings at later heading to be
lower than the CTD at earlier heading. Results from this
study reveal that the differences in yield between wheat
genotypes grown in water stress condition were the least
in earlier genotypes and also confirmed that, precocity
plays a major role in escape of terminal drought stress in
rainfed environments. In fact, reproductive and grain
filling stages of earlier genotypes happen in cooler days
than of the later ones which led to cooler canopy
temperature, higher chlorophyll content and better
condition for grain filling to rising grain weight and yield
under drought stress.

Although plant height under Mediterranean terminal
drought stress condition is important trait for grain yield
increase [48], the drought intensity and period of water
stress in this study were probably not long enough to
obtain large differences in plant growth and development
among wheat genotypes. So, correlation analysis under
stress condition (Table 6) showed that plant height had

Yield and Yield Related Traits: Under drought
conditions, tolerant genotypes had the higher grain
weight, number of grains per spike and partly spike
number per square meter (Table 3). Each yield component
can be affected by water deficits, the extent depending
upon the stage of plant development when these
conditions occur. The soil water content and water
availability status of upper 0-10 cm of soil layer from
experimental site were presented in Fig. 2. Considering to
amount of precipitation and soil water content during
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Table 6: Phenotypic correlation coefficients between average grain yield, canopy temperature depression (CTD), chlorophyll content (CHL) at three different
stages and evaluated traits under drought stress during two years of study.

TGW S/m2 G/S SL PLH DHE DMA
CTD at stage 1a 0.60* 0.40 0.63* -0.43 -0.11 0.17 -0.05
CTD at stage 2b 0.79* 0.52 0.94** -0.15 -0.02 -0.14 -0.40
CTD at stage 3c 0.71* 0.65* 0.82* 0.18 0.13 -0.47 -0.40
CHL at stage 1 0.42 0.73* 0.60* 0.50 0.30 -0.52 -0.18
CHL at stage 2 0.55* 0.51 0.62* 0.40 -0.15 -0.56* -0.39
CHL at stage 3 0.73* 0.77* 0.62* 0.49 -0.04 -0.59* -0.57*
Average grain yield of two years 0.98** 0.84* 0.91** 0.27 0.22 -0.55* -0.75*
a First week of March (ZGS 50, first spikelet of inflorescence visible). b From second week to 3th week of  March (ZGS 65, anthesis half-way).c 4th week
of March (ZGS 75, medium milk).Levels of significance indicated: * Significant at p <0.05.  ** Significant at p <0.01.Abbreviations: DHE, number of days
to heading; DMA, number of days to maturity;  G/S, grain number per spike; PLH, plant height; SL, spike length; S/m2, spike number per square meter;

TGW, thousand grain weight

Fig. 3: Grain yield of wheat genotypes under optimum
condition (Yp), under stress condition (Ys) and
yield reduction of genotypes caused by drought
stress. Presented data are related to average of
two years study. Means followed by the same
letter are not significantly different at the 5%
probability level.

and grain filling of 2009-2010. According to correlations
between yield and its related traits (Table 6), the
difference in yield of genotypes may be primarily caused
by grain weight (r =  0.98 ),  followed  by  grain  number**

(r = 0.91 ), although the magnitude of contribution of**

spike  number  per  unit area to grain yield also was high
(r = 0.84 ). These results indicated that, water stress*

especially during grain filling decreased yield by
reduction in grain weight. This may be due to drought
affecting the grain maturity that resulted in shriveled
grains.

The results obtained in this study showed that the
yield of wheat genotypes grown under drought condition
were the highest in earlier genotypes. It is derived simply
from the fact that grain filling in earlier genotypes takes
place under cooler days as compared with later flowering
ones.

Bindraban et al. [49] and Cooper et al. [50] stated that
late water stress shortens the grain filling period because
it leads to premature desiccation of the endosperm and
limits embryo size. Reduction in yield is therefore mainly
due to a reduction in the weight of the grains produced.
Whereas when water stress occurs during jointing,
reduction in yield is due mainly to the decline in the
number of ears per plant [51] and environmental
conditions during anthesis mainly affect the number of
grains and final yield due to the number of grains
produced per spike [50,52]. 

Although a positive association between grain yield
and spike length was found previously [53, 54], but in our
study, no significant correlation of spike length and grain
yield was found indicating the spike length contributions
for higher grain yield were not consistent in all
environments.

Canopy Temperature Depression and Chlorophyll
Content: Although Balota et al. [25], Bilge et al. [22] and
Reynolds et al. [26] reported different CTD values in their
experiments, but pattern of changes in CTD values during
pre-anthesis, anthesis and grain filling stages of their
evaluated genotypes confirmed the results of present
research. The genotypes of G1, G2, G3 and G4 with the
higher yield production in optimum condition also had the
lowest yield reduction (Fig. 3) and have more stable yield
under drought stress condition. According to the CTD
values obtained, almost in all stages the highest CTD
values observed in drought tolerant genotypes, while,
minimum values were related to drought sensitive
genotypes (Table 4) indicating drought tolerant
genotypes had cooler canopy and drought sensitive
genotypes had hotter canopy in rainfed condition. These
results are in agreement with results of other researchers
[22,23,25].
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Fig. 4: The relations between mean grain yield and mean (r = 0.82 ).
CTD (A) at stage 1 (CTD1), stage 2 (CTD2) and Balota et al. [19] suggested that the best linear
stage 3 (CTD3) and between mean grain   yield correlations between yield and CTD were obtained when
and mean CHL (B) at stage  1  (CHL1), stage 2 CTD was sampled at anthesis. Good estimates were also
(CHL 2) and stage 3 (CHL 3) under drought obtained however, from one to three weeks from anthesis.
condition. Presented data are related to average of Bilge et al. [22] reported that the CTD correlation with
two years study. grain yield was significant only at anthesis stage. While,

In present study, average CTD value of all genotypes senescence reported could be use to CTD sampling.
was greatest at stage 2 compared to other evaluated These different results may be due to difference in
stages (Fig. 1) and CTD had significant correlation with conditions, genotypes or combination of these two
grain yield at stage 2 (r = 0.79  in 2008-2009 and  0.88  in factors indicating that the suitability of CTD must be* **

2009-2010) and stage 3 (r = 0.80  in 2008-2009 and 0.76  in determined for individual environments.* *

2009-2010), whereas correlation of CTD and grain yield The influence of solar radiation on the CTD values
was not significant at stage 1 for both years (Table 5). was understandable. According to CTD-yield correlations
This could be explained by the fact that the genotypes during two years of cropping and their related weather
more adapted to water stress, conserve moisture from the condition, CTD values taken on three growing stages
beginning of the season due to less transpiration and use have direct association with magnitude of mean solar
it for later part of the growth period. Such genotypes with radiation (Tables 2 and 5). In 2008-2009, correlation
slow extraction of subsoil water lead to conservation of coefficients (r) of average grain yield and CTD at stage 1
soil water until the grain-filling stage. As a result, canopy (mean daily solar radiation 512 Wm ), stage 2 (mean daily
temperature retains cool during the later growth stage. solar radiation 550 Wm ) and stage 3 (mean daily solar
The above-mentioned statements indicate that the radiation 495 Wm ) were 0.70 , 0.79  and 0.80 ,
behavior of CT under stress condition provides evidences respectively. In 2009-2010, r values of average grain yield
to crop water status and yield performance during and CTD at stage 1 (mean daily solar radiation 479 Wm ),
drought. stage 2 (mean daily solar radiation 560 Wm ) and stage

Overall, grain yield significantly associated with mean 3 (mean daily solar radiation 445 Wm ) were 0.58 , 0.88
CTD at stage 2 (r  = 0.70 ) and stage 3 (r  = 0.60 ) (Fig. 4a) and 0.75 , respectively. Moreover, during both two years2 * 2 *

at two years of experiment. Slope values at stage 2 (CTD of experiment, maximum and mean air temperature were
2) showed that a 1°C increase in CTD led to approximate higher at stage 2 illustrated that higher effectiveness of
802.93  kg  ha   increase  in  grain yield. The canopy CTD  sampling for screening drought tolerant genotypes1

temperature depression at stage 2 (CTD 2) appeared to be
directly most related to yield for G1, G2, G3 and G4 (Fig. 1),
the genotypes that were found to be well adapted to
drought.

Reproductive development of cereals is vulnerable to
environmental conditions during anthesis mainly affect
the number of grains and final yield due to the number of
grains  produced  per  spike [2,52,50] Therefore, it could
be concluded that grain number per spike was most
sensitive to thermal and drought stress during anthesis
and the role of this component was more important for
genotypes when reproductive stage affected by stress.
Accordingly, cooler canopy temperature especially at
anthesis could improve seed setting and consequently
higher grain number per spike. This subject could
corroborate by results of correlation analysis (Table 6)
which indicated that grain number per spike strongly
associated  to  CTD  at stage  2  (r  =  0.94 )  and stage 3**

*

according to Ting-lu et al. [55], each stage before leaf

2

2

2 ns * *

2

2

2 ns **

*
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were achieved at upper air temperatures and more solar average slope values, with increasing each unit CHL
radiations. For two years of our study, CTD readings at all (SPAD unit) at stage 3, grain yield increased 45 kg ha
three given stages were taken on days with average wind approximately. Borrell  et  al. [57]  found   associations
speed lower than 2 ms  which did not appear to influence between stay-green  and  higher  leaf  chlorophyll  content1

CTD readings. These results corroborated the results of as  well as  improved yield and transpiration efficiency
Balota et al. [19] which reported that CTD data from days under post-anthesis drought conditions. Strong
in  which  mean  solar  irradiance  was  lower  than 500 associations between chlorophyll content,
Wm  or mean wind speed was upper than 4 ms  were photosynthesis rate and yield  were reported in wheat2 1

unsuitable for estimating yield or ranking genotypes. genotypes grown under well-irrigated and drought
CHL changes at different stages were expected and conditions [58].

highly corroborated the results of Balota et al.  [25].  In  all As mentioned above, chlorophyll content had
genotypes drought stress caused an increase in average significant correlation with all three main yield
of CHL values (SPAD units) until plants reached anthesis components only at stage 3 as only positive significant
(Table 4). Following anthesis (middle of March), CHL association of grain yield and chlorophyll content at stage
values (SPAD units) decreased by advancing drought 3 (r = 0.80  in 2008-2009 and 0.72  in 2009-2010). Although,
stress which this reduction was lower for drought tolerant significant correlation of CHL and grain yield at both
genotypes (1.74 unit) than sensitive genotypes (2.5 unit). anthesis and grain filling stages reported previously by

Regard to average of two years of the work, Balota et al. [25] and Reynolds et al. [26]. This could
significant positive correlations were found under the illustrated that chlorophyll content at grain filling stage
water-stress condition between CHL at stage 1 and spike could be used as an effective criterion for screening
number per square meter (S/m  (r = 0.73 ) and grain drought tolerant wheat genotypes.2) *

number per spike (G/S) (r = 0.60 ); between CHL at stage Negative correlations were observed between*

2 and G/S (r = 0.62 ); and between CHL at stage 3 and heading/maturity time and chlorophyll content especially*

1000-grain weight (TGW) (r = 0.73 ), S/m  (r = 0.77 ) and at stage 3 (Table 6). Thus, differences in chlorophyll* 2 *

G/S (r = 0.62 ) (Table 6). Although Calderini et al. [56] content between drought tolerant and sensitive*

reported that increased yield has been associated genotypes  might  be  affected  by  flowering/maturity
considerably more with increasing grain number than time.
grain mass, but in this study, the magnitude of The best selection index must be able to distinguish
contribution of grain weight to grain yield was higher than genotypes that have uniform superiority in both stress
spike number per unit area (Table 6). Introgression of high and non-stress environment. According to Fernandez
grain weight potential may be expressed if complemented [38], Talebi et al. [59] and Bavei et al. [2], a high STI
by traits that increase assimilates availability during spike demonstrates a high tolerance and the best advantage of
growth. Present study shown larger grain weight in STI is its ability to separate the genotypes which have
tolerant genotypes which assimilate availability was good performance in both stress and optimum conditions.
higher during spike growth (pre-anthesis, anthesis and Therefore, to evaluation of CTD and CHL efficiency to
grain filling). The tolerant genotypes with a higher screen of drought tolerant genotypes, CTD and CHL
chlorophyll content had higher grain weight, while the correlation  with  STI  index  was estimated (Table 5).
sensitive ones have a lower chlorophyll content had small There  was  a  positive  significant correlation between
and more shrunken grains (Table 3). It could be concluded STI and CTD at stage 2 (r = 0.84 ) and stage 3 (r = 0.79 ),
that the impact of post-anthesis stress on grain weight while STI significantly  correlated with CHL only at stage
found in this study could be due to an indirect effect on 3 (r = 0.78 (, confirmed that CTD and CHL at above stages
the source of assimilates, which was in more affected by can be suitable traits to screening drought tolerant
drought stress in sensitive genotypes than tolerant genotypes.
genotypes. The result from chlorophyll content
measurements during plant growth indicates that CONCLUSION
genotypes with high chlorophyll content seem to stay
green  for  longer  that  probably  contributed  to  the The genotypes that interacted positively with stress
high-yielding capacity. Yield and mean CHL at grain filling environments were generally early heading/maturing, with
were correlated under stress conditions in both years minimal anthesis delay under stress, high chlorophyll
when pooled across genotypes (Fig. 4b). According to content  and  high  canopy temperature depression with

1

* *

** *

*
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stress. The genotypes that interacted negatively with 2. Bavei, V., B. Vaezi, M. Abdipour, M.R.J. Kamali and
stress environments tended to have large delay in M. Roustaii, 2011. Screening of tolerant spring
flowering with stress, low chlorophyll content and low barleys for terminal heat stress: Different importance
canopy temperature depression with stress. These data of yield components in barleys with different row
provide  information  on  sets  of  traits  that differ type. International Journal of Plant Breeding and
between genotypes that differ in their responses to water Genetics, 5(3): 175-193. 
deficit. 3. FAO, 2009. http://www.fao.org/statistical databases/

For the regions which water stress mainly occurred at faostate-agriculture/agricultural production-crop
anthesis which affects mainly spikelet and floret initiation primary.
and, therefore, limits grain number per unit area, 4. Moustafa, M.A., L. Boersma and W.E. Kronstad,
increasing grain weight and grain size might be a good 1996. Response of four spring wheat cultivars to
way to be followed to improve grain yields. Whereas the drought stress. Crop Science, 36(4): 982-986.
most important yield component which affecting yield 5. Aycicek, M. and T. Yildirim, 2006. Path coefficient
variation among genotypes under terminal drought stress analysis of yield and yield components in bread
(during grain filling stage) was grain number per spike, wheat (Triticum aestivum L.) genotypes. Pakistan
because grain weight is affected by terminal drought. Journal of Botany, 38: 417-424.

Our results indicate that canopy temperature tested 6. Aydin, N., C. Sermet, Z. Mut, H.O. Bayramoglu and
under water-stressed field condition at anthesis half-way H. Ozcan, 2010. Path analyses of yield and some
and medium milky stage could be used to identify wheat agronomic and quality traits of bread wheat (Triticum
genotypes according to their water use and water use aestivum L.) under different environments. African
efficiency and consequently, yield performance under Journal of Biotechnology, 9: 5131-5134.
stress conditions. Besides, present results illustrated that 7. Dagustu, N., 2008. Genetic analysis of grain yield per
higher efficiency of CTD sampling for screening drought spike and some agronomic traits in diallel crosses of
tolerant genotypes were achieved at upper air bread wheat (Triticum aestivum L.). Turkish
temperatures and more solar radiations. Journal of Agriculture and Forestry, 32: 249-258.

It seems that the SPAD value measurement at the 8. Ehdaie,  B.  and  J.G.  Waines,  1989.  Genetic
medium milky stage may be a reliable indicator for variation, heritability and path-analysis in landraces
screening the drought tolerant genotypes, because of the of bread wheat from southwestern Iran. Euphytica,
higher relationships of CHL with grain yield and yield 41: 183-190. 
components at the this stage. 9. Olivares-Villegas,   J.J.,    M.P.  Reynolds      and G.K.

Although Balota et al. [25] and Reynolds et al. [26] McDonald, 2007. Drought adaptive attributes in the
have approved that CTD superior for screening of tolerant Seri/Babax hexaploid wheat population. Functional
genotypes compared to other physiological traits i.e. leaf Plant Biology, 34: 189-203.
conductance and chlorophyll content, it is clear that the 10. Suzuky Pinto,  R.,  M.P. Reynolds, K.L. Mathews,
reliable improvements of drought tolerance may be C.L. McIntyre, J.J. Olivares-Villegas and S.C.
achieved via using of CTD and CHL measuring tools Chapman, 2010. Heat and drought adaptive QTL in a
simultaneously. wheat population designed to minimize confounding

agronomic effects. Theoretical and Applied Genetics,
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