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ABSTRACT 

Drought stress is a major threat on most of the agricultural crops grown in the East Mediterranean Region in 

the consequence of predicted global climate change (1). Therefore, improving essential cereal crops such as 

barley is extremely important for this region to increase yield production due to its economic interest and 

adaptability to dry environments (29). This two-year experiment was carried out in Kalar technical institute, in 

Garmian region, Iraq during the seasons of 2016-17 and 2017-18. Canopy temperature depression (CTd) and 

leaf senescence traits (Onset of leaf senescence (SENonset) and End of leaf senescence (SENend)) were evaluated 

under irrigated and rain-fed conditions for five hybrid genotypes of barley. Canopy temperature was increased 

by drought by almost one degree Celsius on average for both years (P=0.002). Leaf senescence durations were 

also affected by water stress and advanced SENonset by around 34% (P=0.001) and SENend by around 10% 

(P=0.01) averaging over years. Genotypes 3//14 scored the highest canopy temperature depression and the latest 

onset of leaf senescence under drought for the cross year mean (P=0.05). Genotype 3//5 was also the latest to 

reach the end of leaf senescence averaging over years. Genotypes 3//14, 3//5 and 3//4 were generally appeared to 

have cooler canopy and later onset of leaf senescence than the genotypes 3//18 and 3//1 indicating the capability 

of these genotypes to have a better performance under water limitations comparing to other genotypes. Canopy 

temperature depression was positively associated with onset of leaf senescence under drought conditions 

averaging over years (R
2
=0.89; P=0.02), but not under irrigated conditions (R

2
=0.45; P=0.21). There was also a 

trend for a positive association between canopy temperature and the end of leaf senescence under drought 

conditions (R
2
=0.59; P=0.13) in 2018. These associations might be linked to genetic variations in water uptake 

and/or water-use efficiency. 
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 تأثيرات الجفاف على درجة حرارة الغطاء الخضرى وشيخوخة الاوراق فى الشعير
 يادگار على محمود

 المدرس
العراق-جامعة گرميان/ اقليم كردستان  

 المستخلص
 لذلك(. 1) المتوقع العالمي المناخ للتغيرات نتيجةيمثل إجهاد الجفاف تهديدًا كبيراً على معظم المحاصيل الزراعية التي تزرع في مناطق شرق المتوسط 

 قدرة بزيادة الاقتصادي اهتمامها بسبب المحاصيل إنتاج لزيادة المنطقة لهذه بالنسبة للغاية مهم أمر الشعير مثل الأساسية الحبوب محاصيل تحسين
-2016ت عامين في معهد كلار الفني، في منطقة كرميان، العراق خلال مواسم استغرق التي التجربة هذه تنفيذ تم(. 29) الجافة البيئات مع التكيف
ونهاية  (SENonset) و شيخوخة الأوراق )بداية شيخوخة الأوراق (CTd) الغطاء الخظرى المنخفض. تم تقييم درجة حرارة 2018-2017و  2017

( تحت ظروفين احدهم مروية وأخرى ديمية بأستخدام خمسة أنماط هجينة من الشعير. زادت درجة حرارة الغطاء الورقي (SENend) شيخوخة الورقة
. تأثرت فترات الشيخوخة الورقية أيضًا بالإجهاد المائي، (P = 0.002)لى مستوى معدل العامين بسبب الجفاف بمقدار درجة مئوية واحدة تقريبًا ع

 الهجين النمط سجلت. السنوات معدل مستوى على (P = 0.01)٪ 10بحوالي  SENend و  (P = 0.001)٪ 34بحوالي   SENonsetتقدمت
. كان النمط  (P = 0.05)السنتان مستوى على الجفاف تحت الأوراق الشيخوخة بدأت من اخر و الخضرى الغطاء حرارة درجة في انخفاض أعلى 3/14

 4//  3و  5//  3و  3/14هو الأخر أيضًا للوصول إلى نهاية الشيخوخة الورقية على مستوى معدل السنتين. يبدو أن الهجينات الوراثية  3/5الهجين 
مما يدل على قدرة هذه الانواع على  1//  3و  18//  3وراق مقارنة بالتهجينات الوراثية عمومًا لها أبرد غطاء خظرى و اخر من بدأ شيخوخة الأ 

خوخة الحصول على أفضل الأداء تحت قلة المياه مقارنة بالتهجينات وراثية أخرى. ارتبط انخفاض درجة حرارة الغطاء الخضرى إيجابيا مع ظهور شي
 = P ؛ R2 = 0.45(، ولكن ليس تحت الظروف المروية )R2 = 0.89: P = 0.02ن ) الورقة تحت ظروف الجفاف على مستوى معدل السني

 P ؛ R2 = 0.59(. كان هناك أيضًا اتجاه لوجود علاقة إيجابية بين درجة حرارة الغطاء الخضرى ونهاية شيخوخة الأوراق تحت ظروف الجفاف )0.21
 .. قد تكون هذه العلاقات مرتبطة بالاختلافات الجينية في قدرة امتصاص المياه و / أو كفاءة استخدام المياه2018في عام  ( 0.13 =

 ، كفاءة استخدام المياهالكلمات المفتاحية: الشعير، أدوات التربية، فسيولوجيا المحاصيل، تحمل الجفاف
*Received:2/12/2019, Accepted:6/2/2020 
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INTRODUCTION  
Barley (Hordeum vulgare L.) is one of the 

most important crops in drought prone 

environments in the world, and considered to 

be a major cereal crop mainly grown for its 

grain and vegetative forage for animal feed 

(22). Barley can grow in a wide range of 

environmental conditions based on different 

responses by different varieties of barley under 

various environments (10, 16). Drought 

globally limits agricultural production and 

reduces crop yields more than any other 

abiotic stresses. The main goal of plant 

breeding is to improve yield under water-stress 

environments (9, 23, 31). Drought stress is 

most limiting yield potential under 

Mediterranean conditions due to a 

combination of some environmental factors 

such as high temperature, irradiance and low 

rainfall during the grain filling and grain 

formation periods of crop growth (28, 30). In 

this kind of environments, rainfall amount is 

less than 1000 mm, and mostly precipitate in 

fall and spring (7). This insufficient and 

irregular rainfall distribution during the grain 

filling stage can efficiently effect on crop yield 

performance (26). The most effective way to 

increase grain yield under drought-prone 

conditions can be identification of drought 

tolerance related traits (28). For plant breeders, 

investigating the mechanism of each trait 

could be more beneficial than the selection for 

drought resistance based on grain yield (11). 

Traits related to water uptake and water-use 

efficiency could be the most important e.g. 

canopy temperature, stay-green and leaf 

senescence parameters (12). Canopy 

temperature (CT) has been confirmed to be 

related to stomatal conductance and can be an 

indirect indicator of plant water uptake 

capability under drought (5). Positive 

association between CT and root length has 

been reported in wheat by Reynolds et al. (27). 

Leaf senescence is a process of nutrients 

remobilization from vegetative leaves and 

stems to grain yield which can be genetically 

and environmentally controlled (4, 15). 

Delaying leaf senescence can extend the 

period of grain filling and maintain CO2 

assimilation to increase grain yield (33). 

Therefore, identifying genetic variations and 

understanding the physiological mechanisms 

of drought tolerance related traits such as 

canopy temperature and leaf senescence were 

the main objectives of this study under well-

watered and unirrigated conditions using five 

hybrid genotypes of two-rowed barley.  

MATERIALS AND METHODS 

Site conditions and Plant materials  
Field experiments were carried out for two 

seasons (2016 – 2017; referred hereafter as 

2017) and (2017 – 2018; referred hereafter as 

2018) at Kalar technical institute, As 

Sulaymaniyah, KRG, Iraq. The site is located 

at longitude line 45º 22′ 681″ eastern and 

latitude line 34º 21′ 558″ northern at the 

elevation level of 178 meters. The study region 

is known as Hyperthermic temperature regime 

(3) and semiarid climate (34) with the soil of 

Aridisols (containing saline or alkaline soils 

with low level of organic matter). Five 

genotypes of F2 tow-rowed barley (Hordeum 

vulgare L.) were used in these experiments 

which were named Local// Zanbaka (3//18), 

Local// ARTa/3/Avar (3//14), Local// 

Roho/Zanbaka (3//5), Local// Avar/H/Sout 

(3//1) and Local// Tadmor/Roho (3//4). The 

hybrid genotypes were obtained from a full 

diallel cross investigation by Mahmood (21) 

through crossing five varieties with a local 

variety in Garmian region, KRG, Iraq. The 

introduced varieties were developed by the 

International Centre for Agricultural Research 

in the Dry Areas (ICARDA) in Syria with 

different drought sensitivity. The site soil 

moisture regime was known as an aridic 

(Torric; irrigation is required for agricultural 

use) moisture regime (2, 17). Table 1 shows 

the distributions of total monthly rainfalls over 

both seasons (2016-17 and 2017-2018). 

Table 1. The distributions of total yearly and monthly rainfalls (mm) over both seasons (2016-

2017 and 2017-2018). 
Seasons Months of the seasons Total 

(mm) November December January February March April May 

2016-2017 21.0 29.4 25.4 19.4 122.8 6.3 1.8 226.1 

2017-2018 15.7 0.0 23.2 165.4 0.0 75.1 8.0 287.4 

Experimental design and Statistical 

analysis: The experimental design was 

randomised block, split–plot design. Irrigation 

treatments (fully irrigated and unirrigated) 
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were randomised on two main-plots.  

Genotypes were randomised on twenty sub-

plots (5 rows x 4 columns; 1 m
2
) with four 

replicates (blocks) in each main plot. The 

irrigated treatments were complementary 

irrigated when required according to the 

severity of the drought in each season. GenStat 

19th Edition (25) was used for statistical 

analysis of variance (ANOVA) by applying a 

split-plot design for both years and cross-year 

mean data. For making graphs and linear 

regressions, the GraphPad Prism 8.0.0 

software package was used to calculate the 

relationships between related variables in both 

years and for the cross-year mean (13). 

Field measurements 

Canopy temperature depression (CTd; 
o
C): 

Crop canopy temperature was weekly recorded 

from anthesis (GS61) to ripening (GS89) from 

each plot for both years (2017-2018) using a 

hand-held infrared thermometer (Brannan 

Thermometer, Cleator Moor, Cumbria, UK). 

On each plot, the average of three readings of 

actual crop surface canopy temperature was 

measured remotely. Measurements were taken 

when the sky was clear and there was little or 

no wind and plant surfaces were dry, typically 

from 11:00h to 14:00h daily hours (24). The 

actual air temperature was repeatedly taken 

(after each ten readings). The canopy 

temperature depression was then calculated by 

the difference between actual crop canopy 

temperature and actual air temperature 

according to the equation below: 

𝐂𝐚𝐧𝐨𝐩𝐲 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞 𝐃𝐞𝐩𝐫𝐞𝐬𝐬𝐢𝐨𝐧 

(𝐂𝐓𝐝;  ℃)
= 𝐀𝐜𝐭𝐮𝐚𝐥 𝐀𝐢𝐫 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞
− 𝐀𝐜𝐭𝐮𝐚𝐥 𝐂𝐫𝐨𝐩 𝐂𝐚𝐧𝐨𝐩𝐲 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞 

Leaf senescence parameters  
Flag-leaf senescence was visually assessed for 

each sub-plot in both years from anthesis 

(GS61) to full senescence twice a week using a 

visual senescence score chart (0; fully green 

and 10; fully senesced). Thermal time (average 

daily temperature (0
o
C base temperature)) was 

also calculated through measuring minimum 

and maximum daily temperature. The values 

of flag-leaf senescence were then fitted against 

thermal time (GS61; base temperature 0
o
C) 

using logistic regression equation (25) as 

shown below:  

𝐘 =
𝐀 + 𝐂

(𝟏 + 𝐞𝐱𝐩(−𝐁 × (𝐗 − 𝐌)))
     

𝑊ℎ𝑒𝑟𝑒: 
𝑌 𝑖𝑠 𝑙𝑒𝑎𝑓 𝑠𝑒𝑛𝑒𝑠𝑐𝑒𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒; 𝑋 𝑖𝑠 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 
𝑡𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝐺𝑆61;  𝐴 𝑖𝑠 𝑡ℎ𝑒 𝑙𝑜𝑤𝑒𝑟 

𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑒;  𝑀 𝑖𝑠 𝑡ℎ𝑒 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 

𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 𝑖𝑛𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛;  𝐴 + 𝐶 𝑖𝑠 𝑡ℎ𝑒 

𝑢𝑝𝑝𝑒𝑟 𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑒; 𝑎𝑛𝑑 𝐵 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑙𝑜𝑝𝑒 𝑎𝑡 

𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 𝑖𝑛𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑎𝑘𝑒𝑛 𝑎𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 

𝑜𝑓 𝑠𝑒𝑛𝑒𝑠𝑐𝑒𝑛𝑐𝑒 
The onset of leaf senescence (SENONSET) was 

taken as the thermal time (base temp. 0
o
C) 

post-anthesis (GS61) at leaf visual senescence 

score 2 and end of leaf senescence (SENEND) 

as thermal time at leaf visual senescence score 

9.5. Senescence durations (SENdur) were 

calculated by the difference between SENEND 

and SENONSET (28). 

RESULTS AND DISCUSSION 

Canopy temperature depression (CTd; 
o
C): 

Canopy temperature depression was 

significantly affected by water stress and 

reduced by 0.53 
o
C in 2017 (P=0.007), 1.10 

o
C 

in 2018 (P=0.04), and 0.86 
o
C for the cross 

year mean (P=0.002). There was no significant 

difference between genotypes in 2017 

(P=0.27). However, genotypes ranged from 

2.82 (3//1) to 3.20 
o
C (3//4) under irrigated 

conditions, and 1.65 (3//1) to 2.10 
o
C (3//14) 

under unirrigated conditions (P=0.05). For the 

cross year mean, genotypes were in the ranges 

2.97 (3//1) to 3.63 
o
C (3//14) under irrigated 

conditions, and 2.23 (3//18) to 2.74 
o
C (3//14) 

under unirrigated conditions (P=0.04). The 

irrigation x genotype interactions was 

significant in 2017 (P=0.04), but not for 2018 

and averaging years, (P=0.15 and P=0.06, 

respectively; Table 2).  
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Table 2. Analysis of variance summary for canopy temperature depression (CTd; 
o
C) for 5 barley 

genotypes under irrigation and unirrigated conditions in 2017, 2018 and cross-year mean. 
Genotypes 2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 4.13 2.60 3.05 1.85 3.59 2.23 

3//14 4.21 3.38 3.06 2.10 3.63 2.74 

3//5 3.23 2.93 2.83 2.00 3.28 2.46 

3//1 3.11 3.30 2.82 1.65 2.97 2.48 

3//4 3.51 3.33 3.20 1.85 3.36 2.59 

Mean 3.64 3.11 2.99 1.89 3.36 2.50 

SED (df)       

Year   0.260** 

Irrigation 0.096** 0.330* 0.172** 

Genotype 0.268ns 0.108* 0.144* 

Irri. x Gen. 0.352* 0.358ns 0.251ns 

Year x Gen.     0.318ns 

(SED) Standard error of differences of the means, (df) Degree of freedom, (***) P<0.001, (**) P<0.01, (*) P<0.05 

significance levels and (ns) not significant 

Onset of leaf senescence (SENonset; 
o
Cd): 

Drought significantly advanced leaf 

senescence by 54.6 
o
Cd in 2017 (P=0.01), 

183.6 
o
Cd in 2018 (P=0.003), and 119.1 

o
Cd 

for the cross year mean (P=0.001). Genotypes 

ranged from 286.9 (3//5) to 346.9 
o
Cd (3//4) 

under irrigated conditions, and from 227.6 

(3//5) to 281.9 
o
Cd (3//4) under unirrigated 

conditions in 2017 (P=0.02). In 2018, 

genotypes significantly differed from 362.6 

(3//1) to 398.3 
o
Cd (3//18) under irrigated, and 

from 177.8 (3//1) to 227.9 
o
Cd (3//5) under 

unirrigated conditions (P=0.03). Averaging 

over years, genotypes ranged from 329.5 (3//1) 

to 365.4 
o
Cd (3//4) and from 206.8 (3//18) to 

247.8 
o
Cd (3//14) under irrigated and drought 

conditions, respectively (P=0.04). The 

irrigation x genotype interaction was not 

significant in both years and cross year mean 

(P=0.86; P=0.14 and P=0.34, respectively; 

Table 3). Regression analysis showed a 

significant positive relationship between 

canopy temperature depression and onset of 

leaf senescence in 2017 under unirrigated 

conditions (R
2
=0.77; P=0.05; Figure 1a), but 

not under irrigated conditions. In 2018, the 

relationship was not significant under 

irrigated, but there was a trend for a positive 

correlation under unirrigated conditions 

(R
2
=0.71; P=0.07; Figure 1b). For the cross-

year mean, a significant positive correlation 

was also found between canopy temperature 

depression and onset of leaf senescence under 

unirrigated conditions (R
2
=0.89; P=0.02; 

Figure 1c), but not under irrigated conditions. 

Table 3. Analysis of variance summary for onset of leaf senescence (SENonset; 
o
Cd) for 5 barley 

genotypes under irrigation and unirrigated conditions in 2017, 2018 and cross-year mean. 
Genotypes 2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 300.6 231.5 398.3 182.0 349.5 206.8 

3//14 323.9 281.3 377.7 214.3 350.8 247.8 

3//5 286.9 227.6 390.9 227.9 338.9 227.8 

3//1 296.4 259.5 362.6 177.8 329.5 218.7 

3//4 346.9 281.9 384.0 193.2 365.4 237.5 

Mean 310.9 256.3 382.7 199.1 346.8 227.7 

SED (df)       

Year (1)   16.72ns 

Irrigation (1) 9.19** 21.54** 11.71*** 

Genotype (4) 17.75* 11.22* 10.50* 

Irri. x Gen. (4) 24.25ns 25.79ns 17.70ns 

Year x Gen. (4)   21.35** 

(SED) Standard error of differences of the means, (df) Degree of freedom, (***) P<0.001, (**) P<0.01, (*) P<0.05 

significance levels and (ns) not significant 
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     R
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     R
2

= 0.45 ; P = 0.21

Y = 0.011*X + 0.218

R
2

= 0.77 ; P = 0.05

Y = 0.007*X + 0.551

R
2

= 0.71 ; P = 0.07

Y = 0.011*X - 0.021

R
2

= 0.89 ; P = 0.02

 
Figure 1. Linear regressions of onset leaf senescence (SENonset; 

o
Cd) on canopy temperature 

depression (CTd; 
o
C) for 5 genotypes of barley in (a) 2017, (b) 2018 and (c) cross-year mean 

under irrigated and unirrigated conditions 

End of leaf senescence (SENend; 
o
Cd) 

There was no significant effect of drought on 

advancing end of leaf senescence in 2017 

(P=0.13). However, water stress fastened the 

end of leaf senescence by 104.8 
o
Cd in 2018 

and 70.9 
o
Cd averaging over years (P=0.05 

and P=0.01, respectively). In 2017, genotypes 

ranged from 629.5 (3//18) to 704.5 
o
C (3//14) 

under irrigated conditions, and 583.8 (3//18) to 

679.0 
o
C (3//1) under unirrigated conditions 

(P=0.004). For the cross year mean, genotypes 

did not significantly differed (P=0.34). 

However, in 2018, genotypes were in the 

ranges 690.2 (3//14) to 733.5 
o
C (3//18) under 

irrigated conditions, and 567.7 (3//1) to 632.8 
o
C (3//18) under unirrigated conditions 

(P=0.03). The irrigation x genotype 

interactions were significant in both years 

(2017 and 2018) and averaging over years 

(P=0.003, P=0.002 and P=0.04, respectively; 

Table 4). Linear regressions showed that there 

was no correlation between canopy 

temperature depression and end of leaf 

senescence amongst genotypes under irrigated 

conditions in both years and the cross year 

mean. However, a trend for a positive 

relationship was found under unirrigated 

conditions (R
2
=0.39; P=0.26; Figure 2a) in 

2017. The correlation in 2018 was more close 

to be significant (R
2
=0.59; P=0.13; Figure 2b) 

than cross year mean (R
2
=0.22; P=0.43; Figure 

2c) under drought. 
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Table 4. Analysis of variance summary for end of leaf senescence (SENend; 
o
Cd) for 5 barley 

genotypes under irrigation and unirrigated conditions in 2017, 2018 and cross-year mean. 
Genotypes 2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 629.5 583.8 733.5 632.8 681.5 608.3 

3//14 704.5 618.0 690.2 623.5 697.3 620.7 

3//5 648.4 631.9 694.9 623.1 671.6 627.5 

3//1 642.4 679.0 722.1 567.7 682.3 623.4 

3//4 700.0 627.0 727.0 596.2 713.5 611.6 

Mean 664.9 627.9 713.5 608.7 689.2 618.3 

SED (df)       

Year    14.08
ns

 

Irrigation 17.93
ns

 34.15* 19.29* 

Genotype 15.08** 11.06* 9.35
ns

 

Irri. x Gen. 26.18** 36.90** 22.62* 

Year x Gen.   18.39** 

(SED) Standard error of differences of the means, (df) Degree of freedom, (***) P<0.001, (**) P<0.01, (*) P<0.05 

significance levels and (ns) not significant 
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Figure 2. Linear regressions of end leaf senescence (SENend; 

o
Cd) on canopy temperature 

depression (CTd; 
o
C) for 5 genotypes of barley in (a) 2017, (b) 2018 and (c) cross-year mean 

under irrigated and unirrigated conditions 
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Genotype logistic leaf senescence 
Genotypes were different in response to the 

effect of drought on post-anthesis leaf 

senescence in 2018 (P=0.05). Genotypes 3//18, 

3//1 and 3//4 were generally appeared to be 

more affected than the genotypes 3//14 and 

3//5 (figure 3). At the first half of leaf 

senescence, genotype 3//18 was the most 

affected than the other genotypes (figure 3a). 

However, genotype 3//1 reached the end of 

leaf senescence earlier than the other 

genotypes (figure 3d). Genotype 3//5 was 

generally the least affected comparing to 

others (figure 3c). 
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Figure 3. Nonlinear regressions (logistics) of post-anthesis thermal time (

o
Cd) on flag-leaf 

senescence visual score for 5 genotypes of barley: (a) 3//18, (b) 3//14, (c) 3//5, (d) 3//1 and (e) 

3//4 under irrigated and unirrigated in 2018 

The roles of stay-green traits under drought 

conditions have been reported in different 

crops such as sorghum, maize, wheat and 

barley, to be associated with greater yield 

production and longer green canopy duration 

(6, 8, 12, 32). In the present study, drought 
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raised canopy temperature by almost one 

degree Celsius on average of both years. Leaf 

senescence durations were different amongst 

genotypes in both experiments, and water 

stress advanced SENonset by around 34% and 

SENend by around 10% averaging over years. 

This is consistent with previous works that 

stay-green traits are potentially affected by 

water stress (14, 32, 35). Post-anthesis canopy 

temperature depression was positively 

correlated with onset of leaf senescence, and 

cooler canopies had a later onset of leaf 

senescence amongst genotypes averaging 

across years. This relationship might be 

associated with increasing water-use efficiency 

and/or water uptake through a deeper root 

system (20). However, there was a trend for a 

positive relationship between canopy 

temperature and the end of leaf senescence in 

2018, this may due to the role of gene control 

for the end of leaf senescence (35). Thus, 

canopy temperature could be a useful indicator 

of drought tolerant genotypes, and low canopy 

temperature can be associated with the 

genotype capability of water extract through a 

deeper root system and/or water-use efficiency 

of genotypes under drought (18, 29). Early 

flowering may indirectly delay N 

remobilization and prolong leaf senescence as 

a result of reducing pre-anthesis N uptake (4). 

Results in this study indicate that canopy 

temperature and leaf senescence traits can be 

important selection criterions for stress-

adapted genotypes under drought 

environments in breeding programs.  

CONCLUSIONS 
Results in this study clearly showed significant 

impact of water stress on leaf senescence and 

canopy temperature in barley. Genotypes 

responded to water limited conditions from 

high to low sensitivity in terms of canopy 

temperature and leaf senescence in both 

experiments due to genetic variations between 

genotypes as stated in the objectives in this 

study. The associations between cooler 

canopies and later onset of leaf senescence in 

this experiment appeared to be linked to 

genotype potential of extracting water from 

deeper soil layers through a deeper rooting 

system. These indices, therefore, could be used 

as a selection tool in breeding programs to 

identify water stressed tolerant genotypes in 

this region.  
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