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ABSTRACT 
In achieve yield sustainability, it is important to cultivate barley varieties that are resistant to the heat and 

drought stress conditions carried on by global climate change. Barley is one of the significant cultivars that is 
negatively affected by global climate change due to its low tolerance to heat stress. Late sowing was employed to 
ensure that plants were exposed to heat stress in order to evaluate the agronomic performance of barley 
genotypes under high temperature stress. The late sowing process was carried out in February 2019 and 2020 
years. Heading time, physiological maturity, plant height, chlorophyll content (SPAD), normalized difference 
vegetation index (NDVI), grain weight, protein content, test weight, ground cover (Canopeo) and leaf area 
index (LAI) were investigated using three local varieties, three advanced lines, and two standard barley 
varieties. Precipitation of more than 450 mm throughout the vegetation period in both years, as well as 
sufficient water storage in the soil before to the vegetation period, allowed the growth phase to be effectively 
examined under heat stress. There were significant differences among genotypes in all traits except plant height 
and NDVI. Except for physiological maturation and protein ratio, the genotype x environment interaction had 
an effect on all characteristics. This demonstrated that, in the absence of water stress, mainly high temperature 
effects had an impact on yield. Among the advanced lines examined, the DZ21-17 genotype succeeded in terms 
of staying green, being early, increasing chlorophyll content, and increasing grain weight. Local varieties 
maintained productivity in heat stress by increasing leaf area, while grain yield potential stayed behind 
standard varieties and advanced lines. Local cultivars had the advantage of fast ground cover and having a 
high growth rate. It has been determined that barley genotypes with high plant height and grain weight will 
have a high yield potential under conditions of heat stress.  
 
Keywords: climate change, drought stress, local varieties. 

 
INTRODUCTION 

 
arley is not indigenous to a single center 
of origin. Its distribution to different 

geographical regions is the major reason why 
barley has a mosaic of adaptive variants 
tolerant to biotic and abiotic stresses (Allaby, 
2015; Poets et al., 2015). As a result, 
significant genetic potential exists for the 
development of new tolerant genotypes  
(Ellis et al., 2002; Vasilescu et al., 2022). 
Nowadays, many research are conducted 
using a variety of techniques, including 
molecular, biotechnology, and mutation, in 
order to create new varieties from existing 
genetic variation. Therefore, there is    
genetic variation of barley in aspects of 
drought and heat stress for successful 
breeding program (Langridge, 2018). As a 
result, it is necessary to determine the abiotic 

stress resistance of local and modern barley 
varieties. 

Global climate change is anticipated to 
increase the impact and intensity of heat 
stress, which causes significant losses in food 
production (Talukder et al., 2014). By 2050, 
a 0.3 percent increase in global temperature 
every ten years is predicted to lead in a 50% 
decrease in yield in South Asia (IFPRI, 
2009). Global barley production is currently 
limited by drought and high temperature 
stress, which are the two most critical factors 
affecting yield improvement. Furthermore, 
due to global climate change, barley 
production regions that today have high yield 
potential are projected to become stressful in 
the future (Lopes et al., 2012). 

Ozturk et al. (2017), Klc et al. (2020) 
and Ertus (2021), determined that high 
temperatures were effective in reducing grain 
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yield during the grain filling period and that 
among existing genotypes; there were heat 
stress tolerant genotypes with high grain yield 
and protein ratio. The improvement of 
suitable barley varieties for the different 
ecologic zones has world-wide importance. 
There is a need for research interventions to 
develop improved varieties with higher yield, 
better resistance to lodging, tolerance to heat 
and drought stress, a higher nutritional value, 
and to strengthen the barley pathology 
research programs. To successfully utilize 
genetic resources in plant breeding programs, 
it is required to first assess whether beneficial 
genetic diversity exists in the material and, 
second, to find the most cost-effective means 
of integrating potentially helpful genes into 
commercially suitable material (Kearsey, 1997). 
Barley-improvement programs, whether by 
breeding or direct gene manipulation, aim to 
match adaptation to the local environment 
and to enhance quality for processing (Ellis et 
al., 2002). 

In order to maintain grain yield and ensure 
agricultural production, it is necessary to 

breed and research local line and tolerant 
genotypes, taking into account all of the 
effects of drought and heat stress factors. The 
purpose of this study was to explore the 
effects of heat stress on the agronomic and 
quality features of local and current barley 
genotypes. 

 
MATERIAL AND METHODS 

 
The research was conducted in the 

experimental area of Dicle University, 
Faculty of Agriculture (Diyarbakr/Turkey) 
under dry conditions over two years 2019  
and 2020. Three barley lines from ICARDA, 
three local barley genotypes, collected from 
Diyarbakir/Turkey barley production areas, 
and two standard varieties were used as 
material (Table 1). The soils were clay loam 
and salinity was low. Organic matter and 
phosphorus (H2PO4

-) contents were very   
low while potassium (K+) was very high. 
Magnesium content was at middle level   
(616 ppm). The soils contain lime between 
10.0-11.0% at depth of 0-60 cm. 

 
Table 1. Details of line and standard barley variety used in the study 

 
Genotypes Local 32 Local 69 Local 71 DZ21-17 DZ21-9 DZ21-16 Onder Kendal 

Head Types 2 row 2 row 2 row 6 row 6 row 6 row 2 row 6 row 

Origin 
Diyarbakr-

Center-
Telli kaya 

Diyarbakr-
Silvan 

Diyarbakr-
Silvan ICARDA ICARDA ICARDA 

Dicle Univ. 
Faculty of 

Agriculture 
GAPUTAEM 

 
Climate data showed the average 

temperature was 14.8℃, and relative 
humidity was 64.3% for the 2019 growing 
season. It were the average temperature 
14.6℃ and relative humidity 62.2% for the 
2020 growing season. In April-May, which 
covers the pre-heading and grain filling 
period, there was more rainfall in the first 
year compared to the second year. In the first 
and second years following planting, the 
precipitation is 412 and 372 mm, which is 
greater than the long-term average (256 mm) 
(Figure 4). The pre-sowing total precipitation 
was 422.6 and 335.8 mm at first and second 
experiment years, respectively. The data on 
precipitation suggest that there is no drought 
effect during the barley development phase. 

The temperature data of from sowing to    
pre-heading and post-heading growth stages 
at 2019 and 2020 growing seasons are given 
in Figure 1, 2 and 3. 

The experiment was laid out the randomized 
complete block design with three replications. 
Plots size was 4.8 m2. Seeds were sown on   
5 February 2019 and 26 February 2020. 
Sowing density was 500 seeds per m2. 
Fertilizer treatments were applied 60 kg ha-1 
pure N and P (as 20.20.0 NP compose 
fertilizer) at sowing time, and 60 kg ha-1  
pure N (Urea %46 N) at the end of tillering 
stage. Herbicide was used to control the 
weeds. Plant harvested 15-20 days after 
physiological maturity.  
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Figure 1. Daily temperatures after heading stages of the barley for 2019. 
A1 represents the maximum temperature (Tmax) stress limit for barley between the spike emergence and the end 
of flowering; A2 represents the maximum temperature (Tmax) stress limit for wheat during grain filling period; 

B is optimum temperatures (Topt) for post-heading stages in barley. 
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Figure 2. Daily temperatures after heading stages of the barley genotypes for 2020. 
A1 represents the maximum temperature (Tmax) stress limit for barley genotypes between the spike emergence and the 

end of flowering; A2 represents the maximum temperature (Tmax) stress limit for wheat during grain filling period; 
B is optimum temperatures (Topt) for post-heading stages in barley. 
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yield during the grain filling period and that 
among existing genotypes; there were heat 
stress tolerant genotypes with high grain yield 
and protein ratio. The improvement of 
suitable barley varieties for the different 
ecologic zones has world-wide importance. 
There is a need for research interventions to 
develop improved varieties with higher yield, 
better resistance to lodging, tolerance to heat 
and drought stress, a higher nutritional value, 
and to strengthen the barley pathology 
research programs. To successfully utilize 
genetic resources in plant breeding programs, 
it is required to first assess whether beneficial 
genetic diversity exists in the material and, 
second, to find the most cost-effective means 
of integrating potentially helpful genes into 
commercially suitable material (Kearsey, 1997). 
Barley-improvement programs, whether by 
breeding or direct gene manipulation, aim to 
match adaptation to the local environment 
and to enhance quality for processing (Ellis et 
al., 2002). 

In order to maintain grain yield and ensure 
agricultural production, it is necessary to 

breed and research local line and tolerant 
genotypes, taking into account all of the 
effects of drought and heat stress factors. The 
purpose of this study was to explore the 
effects of heat stress on the agronomic and 
quality features of local and current barley 
genotypes. 

 
MATERIAL AND METHODS 

 
The research was conducted in the 

experimental area of Dicle University, 
Faculty of Agriculture (Diyarbakr/Turkey) 
under dry conditions over two years 2019  
and 2020. Three barley lines from ICARDA, 
three local barley genotypes, collected from 
Diyarbakir/Turkey barley production areas, 
and two standard varieties were used as 
material (Table 1). The soils were clay loam 
and salinity was low. Organic matter and 
phosphorus (H2PO4

-) contents were very   
low while potassium (K+) was very high. 
Magnesium content was at middle level   
(616 ppm). The soils contain lime between 
10.0-11.0% at depth of 0-60 cm. 

 
Table 1. Details of line and standard barley variety used in the study 

 
Genotypes Local 32 Local 69 Local 71 DZ21-17 DZ21-9 DZ21-16 Onder Kendal 

Head Types 2 row 2 row 2 row 6 row 6 row 6 row 2 row 6 row 

Origin 
Diyarbakr-

Center-
Telli kaya 

Diyarbakr-
Silvan 

Diyarbakr-
Silvan ICARDA ICARDA ICARDA 

Dicle Univ. 
Faculty of 

Agriculture 
GAPUTAEM 

 
Climate data showed the average 

temperature was 14.8℃, and relative 
humidity was 64.3% for the 2019 growing 
season. It were the average temperature 
14.6℃ and relative humidity 62.2% for the 
2020 growing season. In April-May, which 
covers the pre-heading and grain filling 
period, there was more rainfall in the first 
year compared to the second year. In the first 
and second years following planting, the 
precipitation is 412 and 372 mm, which is 
greater than the long-term average (256 mm) 
(Figure 4). The pre-sowing total precipitation 
was 422.6 and 335.8 mm at first and second 
experiment years, respectively. The data on 
precipitation suggest that there is no drought 
effect during the barley development phase. 

The temperature data of from sowing to    
pre-heading and post-heading growth stages 
at 2019 and 2020 growing seasons are given 
in Figure 1, 2 and 3. 

The experiment was laid out the randomized 
complete block design with three replications. 
Plots size was 4.8 m2. Seeds were sown on   
5 February 2019 and 26 February 2020. 
Sowing density was 500 seeds per m2. 
Fertilizer treatments were applied 60 kg ha-1 
pure N and P (as 20.20.0 NP compose 
fertilizer) at sowing time, and 60 kg ha-1  
pure N (Urea %46 N) at the end of tillering 
stage. Herbicide was used to control the 
weeds. Plant harvested 15-20 days after 
physiological maturity.  
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Figure 1. Daily temperatures after heading stages of the barley for 2019. 
A1 represents the maximum temperature (Tmax) stress limit for barley between the spike emergence and the end 
of flowering; A2 represents the maximum temperature (Tmax) stress limit for wheat during grain filling period; 

B is optimum temperatures (Topt) for post-heading stages in barley. 
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Figure 2. Daily temperatures after heading stages of the barley genotypes for 2020. 
A1 represents the maximum temperature (Tmax) stress limit for barley genotypes between the spike emergence and the 

end of flowering; A2 represents the maximum temperature (Tmax) stress limit for wheat during grain filling period; 
B is optimum temperatures (Topt) for post-heading stages in barley. 
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Figure 3. Temperature (°C) from sowing to pre-heading period of barley genotypes for 2019 and 2020 growing seasons.  
B is optimum (Topt) temperatures and A maximum temperatures (Tmax) for the barley genotypes growing period. 

 

 
 

Figure 4. Distributions of precipitation and humidity according to the months following planting at the experiment site 
 

Measurements 
In the study, physiological maturity time 

(days), heading time (days), plant height 
(cm), grain yield (kg/da), thousand grain 
weight (g), protein content (%), test weight 
(kg/hl), SPAD value (chlorophyll content), 
leaf area index (LAI), normalized vegetation 
difference index (NDVI) and ground cover 
ratio traits (Canopy) were investigated. The 
physiological maturity time (PM) was 
calculated using the GS87 scale, based on the 
developmental periods described by Zadoks 
in 1974 (Zadoks et al., 1974). Heading time 
was calculated as the total number of days 
between the sowing date and the period when 

½ of spike (GS55) is visible at the half of the 
plot. The leaf chlorophyll content was 
recorded by SPAD 502 chlorophyll meter, 
ranging from 0-100 in flag leaves of ten 
randomly selected plants during the    
heading period (Minolta SPAD-502,     
Osaka, Japan). Leaf area index (LAI) was 
determined on the area covered by the plants 
in the plot in the 2nd year of the experiment 
using the LAI-2000 (LI-COR, Lincoln, NE). 
Normalized vegetation different index (NDVI) 
was measured with Trimple GreenSeeker 
Handheld Crop Sensor during the heading 
period in the range of 0.00-0.99 values. 
SPAD, LAI and NDVI measurements were 
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recorded between 11:00 and 14:00 when 
there was no wind and cloud. The amount of 
protein content (%) and test weight was 
measured by a NIT analyzer. 

The plant ground cover (Canopeo) was 
determined in the second year of the 
experiment by photographing the plot four 
times with the Canopeo application on April 
7th, 15th, 23th, and 30th, and calculating the 
percentage of soil covering. The Canopeo 
application estimates the ground cover rate 
with 100% accuracy (Patrignani and Ochsner, 
2015). The daily growth rate and the number 
of day’s full ground cover were computed 
using regression analysis of Canopeo values 
obtained at regular intervals after plant 
emergence. The formula for calculating the 
daily growth rate is given below. 

The cubic polynomial curve defined the 
association between fully ground cover      
and days after sowing using the formula      
C: a + bt + ct2 + dt3. Where C is the growth 
rate index (coverage rate/day), t is time   
(days after planting), a, b, c and d are the 
regression coefficients. Since the coefficient 
of determination (R2) exceeds 90% in many 
genotypes, the model correctly defined the 
highest growth rate. 

Average growth rate can be determined 
according to the formula (C2 – C1) / (t2 – t1). 
Here W2 and W1 are the closing amounts at 
times t2 and t1. Since the amount of leaves 
on the soil surface will be zero at the time of 
sowing (t1), the average growth rate was 
determined as C2 / t2. In order to find the 
moment when the genotypes have the highest 
growth rate, the formula C: ct2 + dt3 was 
used instead of the full cubic curve, since the 
leaf area and growth rate was zero at the time 
of sowing (C: a + bt + ct2 + dt3). As a result, 
the speed estimate was done at the curve's 
sharpest point. The highest growth rate was 
calculated from the formula C: ct2 + dt3 by 
converting it to the formula Cmax: -3c2/9d 
(Gebeyehou et al., 1982). With the help of 
the JUMP Pro 13 statistical package program, 
the obtained data were subjected to variance 
and correlation analyses, and the statistical 
differences between the means were established 
using the LSD test. 

RESULTS AND DISCUSSION 
 

A cool season cereal requires cool 
temperatures during its growing season in the 
range of about 14ºC to 18ºC. Given that the 
spike emergence occurred around May 10 as 
a result of late sowing, it is clear that they 
were subjected to severe heat stress during 
the post-heading phase (Figure 1 and 2). 
When the distribution of heat stress is compared 
between the two years, the first year is 
extremely hot after the heading, whereas    
the second year is highly hot both pre- and 
post-heading period (Figure 3). Acevedo et 
al. (1991) reported a mean reduction of 4 
percent in grain weight per degree increase  
in mean temperature during grain filling. 
Temperature threshold (Topt) that adversely 
affect the development process of wheat from 
this level; 22.0 (± 1.6)ºC during germination 
and emergence, 10.6 (± 1.3)ºC during spike 
formation, 21.0 (± 1.7)ºC during flowering 
and 20.7 (± 1.6)ºC during grain growth, and 
the temperatures (Tmax) at which the growth 
started to stop were 32.7 (±0.9)ºC, 20.0ºC, 
31.0ºC and 35.4.0 (±2.0)ºC, respectively 
(Yildirim and Barutcular, 2021). According 
to this information, barley is subjected to  
heat stress during all stages except 
germination/emergence.  

A combined analysis during two 
consecutive experiments was performed. 
Differences among genotypes under high 
temperature stress caused by late sowing 
were significant for physiological maturity 
time, heading time, SPAD, a thousand seed 
weight, grain yield, protein content and test 
weight but plant height and NDVI were no 
significant (Tables 2 and 3). Differences 
among years were significant for all other 
parameters except for thousand grain weight 
and grain yield. G x Y interaction was 
significant for all traits, except heading time 
and protein content. This suggests that the 
genotypes respond similarly to a heat-stressed 
environment for heading time and protein 
content. 

Differences among years for heading time 
were significant, and the second year was 
earlier than the first year. This result could be 
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Figure 3. Temperature (°C) from sowing to pre-heading period of barley genotypes for 2019 and 2020 growing seasons.  
B is optimum (Topt) temperatures and A maximum temperatures (Tmax) for the barley genotypes growing period. 

 

 
 

Figure 4. Distributions of precipitation and humidity according to the months following planting at the experiment site 
 

Measurements 
In the study, physiological maturity time 

(days), heading time (days), plant height 
(cm), grain yield (kg/da), thousand grain 
weight (g), protein content (%), test weight 
(kg/hl), SPAD value (chlorophyll content), 
leaf area index (LAI), normalized vegetation 
difference index (NDVI) and ground cover 
ratio traits (Canopy) were investigated. The 
physiological maturity time (PM) was 
calculated using the GS87 scale, based on the 
developmental periods described by Zadoks 
in 1974 (Zadoks et al., 1974). Heading time 
was calculated as the total number of days 
between the sowing date and the period when 

½ of spike (GS55) is visible at the half of the 
plot. The leaf chlorophyll content was 
recorded by SPAD 502 chlorophyll meter, 
ranging from 0-100 in flag leaves of ten 
randomly selected plants during the    
heading period (Minolta SPAD-502,     
Osaka, Japan). Leaf area index (LAI) was 
determined on the area covered by the plants 
in the plot in the 2nd year of the experiment 
using the LAI-2000 (LI-COR, Lincoln, NE). 
Normalized vegetation different index (NDVI) 
was measured with Trimple GreenSeeker 
Handheld Crop Sensor during the heading 
period in the range of 0.00-0.99 values. 
SPAD, LAI and NDVI measurements were 
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recorded between 11:00 and 14:00 when 
there was no wind and cloud. The amount of 
protein content (%) and test weight was 
measured by a NIT analyzer. 

The plant ground cover (Canopeo) was 
determined in the second year of the 
experiment by photographing the plot four 
times with the Canopeo application on April 
7th, 15th, 23th, and 30th, and calculating the 
percentage of soil covering. The Canopeo 
application estimates the ground cover rate 
with 100% accuracy (Patrignani and Ochsner, 
2015). The daily growth rate and the number 
of day’s full ground cover were computed 
using regression analysis of Canopeo values 
obtained at regular intervals after plant 
emergence. The formula for calculating the 
daily growth rate is given below. 

The cubic polynomial curve defined the 
association between fully ground cover      
and days after sowing using the formula      
C: a + bt + ct2 + dt3. Where C is the growth 
rate index (coverage rate/day), t is time   
(days after planting), a, b, c and d are the 
regression coefficients. Since the coefficient 
of determination (R2) exceeds 90% in many 
genotypes, the model correctly defined the 
highest growth rate. 

Average growth rate can be determined 
according to the formula (C2 – C1) / (t2 – t1). 
Here W2 and W1 are the closing amounts at 
times t2 and t1. Since the amount of leaves 
on the soil surface will be zero at the time of 
sowing (t1), the average growth rate was 
determined as C2 / t2. In order to find the 
moment when the genotypes have the highest 
growth rate, the formula C: ct2 + dt3 was 
used instead of the full cubic curve, since the 
leaf area and growth rate was zero at the time 
of sowing (C: a + bt + ct2 + dt3). As a result, 
the speed estimate was done at the curve's 
sharpest point. The highest growth rate was 
calculated from the formula C: ct2 + dt3 by 
converting it to the formula Cmax: -3c2/9d 
(Gebeyehou et al., 1982). With the help of 
the JUMP Pro 13 statistical package program, 
the obtained data were subjected to variance 
and correlation analyses, and the statistical 
differences between the means were established 
using the LSD test. 

RESULTS AND DISCUSSION 
 

A cool season cereal requires cool 
temperatures during its growing season in the 
range of about 14ºC to 18ºC. Given that the 
spike emergence occurred around May 10 as 
a result of late sowing, it is clear that they 
were subjected to severe heat stress during 
the post-heading phase (Figure 1 and 2). 
When the distribution of heat stress is compared 
between the two years, the first year is 
extremely hot after the heading, whereas    
the second year is highly hot both pre- and 
post-heading period (Figure 3). Acevedo et 
al. (1991) reported a mean reduction of 4 
percent in grain weight per degree increase  
in mean temperature during grain filling. 
Temperature threshold (Topt) that adversely 
affect the development process of wheat from 
this level; 22.0 (± 1.6)ºC during germination 
and emergence, 10.6 (± 1.3)ºC during spike 
formation, 21.0 (± 1.7)ºC during flowering 
and 20.7 (± 1.6)ºC during grain growth, and 
the temperatures (Tmax) at which the growth 
started to stop were 32.7 (±0.9)ºC, 20.0ºC, 
31.0ºC and 35.4.0 (±2.0)ºC, respectively 
(Yildirim and Barutcular, 2021). According 
to this information, barley is subjected to  
heat stress during all stages except 
germination/emergence.  

A combined analysis during two 
consecutive experiments was performed. 
Differences among genotypes under high 
temperature stress caused by late sowing 
were significant for physiological maturity 
time, heading time, SPAD, a thousand seed 
weight, grain yield, protein content and test 
weight but plant height and NDVI were no 
significant (Tables 2 and 3). Differences 
among years were significant for all other 
parameters except for thousand grain weight 
and grain yield. G x Y interaction was 
significant for all traits, except heading time 
and protein content. This suggests that the 
genotypes respond similarly to a heat-stressed 
environment for heading time and protein 
content. 

Differences among years for heading time 
were significant, and the second year was 
earlier than the first year. This result could be 
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caused by rainfall before the heading period. 
Before at the heading time in the first year 
was 40 mm more precipitation and it colder 
than in the second year (Table 2). Also barley 
genotypes were planted earlier than the 
second year in the first year, they were 
heading time later than the second year. The 
local genotypes in the study generally were 
later than the standard cultivars and advanced 
lines. However, Akinci and Yildirim (2009) 
reported that local genotypes were earlier 
than standard varieties in their study. In the 
first year, Onder standard variety had the 
lowest physiological maturity time with a 
value of 115.7 days. In the second year, the 
difference between genotypes was found to 
be closer to each other and they showed 
maturation at similar dates. Based on the 
two-year average data, the DZ21-17 genotype 
remained longest stay green (109.0 days), 
while the Onder genotype had short stay 
green (111.3 days). With a long physiological 
maturity time and a long grain filling time by 
early heading, the DZ21-17 genotype has the 
potential to stay green for a long time. 

Looking at the two-year average data, 
Local 69 had the highest plant height (92.2 
cm). According to different researchers that 
have come to similar conclusions as ours, the 
80-100 cm range belongs to the group of 
short or medium plants, which are resistant to 
lodging and have a larger production 
potential than tall plants (Ozturk et al., 2017; 
Sonmez and Yuksel, 2019). 

The lowest chlorophyll content estimated 
by SPAD meter was found in the Local 32 

genotype (37.1) during the 2019 growing 
season, and the highest content was found in 
the DZ21-17 genotype, with a value of 46.6 
during the same period. In the same year, 
genotypes DZ21-9, Kendal, Onder and Local 
32 had low values. In the 2020 growing 
season, the lowest value was found in Kendal 
and Local 69 genotypes, and the highest 
value was found in DZ21-9 genotype. While 
Elis and Yildirim (2021) reported SPAD 
values under heat stress conditions that were 
quite similar to the SPAD average obtained 
in the first year (41.1), they were far below 
SPAD average obtained in the second year 
(48.3). 

The Local 69 genotype (60.0) had the 
highest the normalized vegetation difference 
index (NDVI) in the first year, followed by 
the Local 32 genotype (78.33) in the second 
year. The averages for the first and second 
years were 51.3 and 73.3, respectively. There 
was a 30% difference between years. The 
NDVI difference between years can be attributed 
to the difference in total precipitation prior  
to heading time. Despite the fact that this 
condition is unexpected, Kzlgeci and 
Yildirim (2019) similarly reported that the 
NDVI value declined by 39.5 percent    
during the year when precipitation was     
high. NDVI is a parameter according to   
quite a researchers that can be indicates the 
photosynthetic area over the vegetation, gives 
predictive information for growth biomass, 
and is a parameter that can be used to 
estimate leaf angle and erectness (Gong and 
McDonald, 2017). 
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Grain yield ranged between 114.7-227.3 

kg/ha-1 in the 2019 growing season and 
112.0-247.2 kg/ha-1 in the 2020 growing 
season. In the first year, DZ21-17 genotype 
had the highest grain yield, while Local 32 
genotype had the lowest yield. It was found 
that in the second year, Kendal standard 
variety had the highest yield and DZ21-17 
genotype had the lowest yield. The obtained 
grain yield are higher than Kuzu (2020) 
findings, but lower than Jedel et al. (1998) 
and Sonmez and Yuksel's (2019) findings. 
Although there was no difference in grain 
yield between years, the fact that the 
genotype-environment interaction was 
important caused the genotype ranking to 
show very different changes according to the 
years. The high yield potential of the Kendal 
variety in both years demonstrates that this 
variety is stable in terms of resilience to high 
temperatures. On the other hand, Onder and 
DZ21-17, which had a high yield in the first 
year, remained at the lowest level in the 
second year, indicating that they were 
affected by the changing environmental 
conditions. It is observed that the average 
grain yield of local varieties is approximately 
32 kg lower than that of standard varieties 
and 5 kg lower than that of advanced lines. 
This shows that under conventional 
conditions, local varieties cannot compete 
with standard varieties. Therefore, identifying 
the specific traits of local varieties that are 
resistant to biotic and abiotic stress factors 
would assist in grain yield improvement. The 
fact that the yield potential of the advanced 
lines do not exceed the standard varieties 
shows that there is a genetic bottleneck in 
raising grain yield and that genetic diversity 
should be increased. However, in a study 
conducted by Akinci and Yildirim (2009) in 
drought conditions, local varieties had a 13.8 
percent higher yield than standard varieties, 
indicating that local genotypes have a high 
yield potential. 

The average thousand grain weights in the 
first and second years were 32.2-40.3 and 
28.2-51.5 g, respectively. In both growing 
seasons, the DZ21-16 genotype had the 
highest thousand grain weights. Protein 
content, an important quality parameter, was 

found to be highest in the Onder standard 
variety in both years, and lowest in the  
DZ21-9 genotype. According to the two-year 
results, the protein content ranged between 
12.0 to 15.26%, which was similar to the 
13.2-15% protein values reported by Akinci 
and Yildirim (2009). DZ21-9 genotype had 
the highest test weight value (71.4 kg hl-1), 
compared to the other first year genotypes. 
The genotype Local 32 had the lowest value 
(61.5 kg hl-1) followed by the genotype Local 
71. In the second year, the averages between 
genotypes were found to be in the range of 
65.8-69.0 kg hl-1, with the lowest value 
occurring from Local 32 genotypes and the 
highest value obtained from the Kendal 
standard variety.  

When comparing the genotypes in terms 
of Canopeo (%) values, which indicate plant 
growth rates and gives ground cover rates, 
there was a difference between them during 
the first three measurement periods; however, 
the difference disappeared during the last 
measurement period, when the average cover 
rate was 80.17% (Table 4). This condition 
indicates that after a certain period of time, 
the difference between fast and slow growing 
genotypes stabilizes. While the plants 
covered an average of 30.45% of the soil 
surface 26 days after emergence, the growth 
attained after 8 days covered another 10%. 
The growth rate increased over the next 8 
days, achieving a 20% increase. The 15% rise 
was achieved in the 7-day period before the 
latest measurement. Plant growth rates are 
affected by temperature changes over time; 
nonetheless, an increase in leaf area that 
closes the soil leads to an increase in total 
photosynthetic area, which raises the growth 
rate. It was determined that the average 
growth rates of genotypes between 1.53 and 
1.76% per day (Table 4). According to 
estimate from the regression curves, the daily 
highest closing speed differed between 1.76 
and 4.82% per day (Figure 1 and 2). For 
barley genotypes, having the highest covering 
rate can be advantageous, especially during 
stressful periods or conditions. The total soil 
coverage duration estimated from the 
regression curve differed from 52.3 to 60 
days. In general, local varieties provide faster 
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full closure, whereas standard varieties 
provide later closure (Figure 5). Between the 
34th and 42nd days following emergence, the 
growth rates of the genotypes were very  
high. Fast ground covers is important for 
increasing photosynthetic surface area per 
unit area while also minimizing water loss 
through evaporation. It should be emphasized 
here that, while genotypes with a vertical 
growth habit provide more leaf area, they 
may later fully ground cover. In the 
correlation analysis, it was observed that 

Canopeo values were not related to yield and 
LAI (data not shown). McGlinch et al. (2020) 
reported that the ground cover rate 
determined by Canopeo showed a high 
correlation with the stem number and could 
be used to estimate grain yield in barley. 
Canopeo data can be utilized to determine  
the biomass weight of genotypes in sorghum, 
according to Chung et al. (2017). Local 
barley varieties have a high leaf area index 
(LAI) value, according to research (Table 4). 

 
Table 4. Ground cover rate (Canopeo), growth rate estimates and LAI values of barley genotypes 

 

Genotypes 
Canopeo 

(%) 
Estimated 
fully cover 

Growth rate 
(%/day) 

26th day 34th 42nd 49th Day Mean Max LAI 
Local 32 29.07 41.83 74.62 86.39 52.3 1.76 4.09 3.10 
Local 69 28.94 39.83 61.30 75.06 56.5 1.53 4.82 4.73 
Local 71 37.43 47.93 67.91 83.64 55.3 1.71 2.88 5.37 
DZ21-17 37.20 58.60 70.33 80.79 57.2 1.65 2.66 2.83 
DZ21-9 32.65 45.13 59.73 79.72 55.4 1.63 1.73 3.33 
DZ21-16 29.15 50.51 69.81 80.96 54.9 1.65 4.25 3.23 
Kendal 27.43 44.20 62.75 78.80 60.0 1.61 2.56 3.03 
Onder 21.77 37.96 52.06 76.00 57.5 1.55 1.76 2.43 
Mean  30.45 45.75 64.81 80.17 56.1 1.64 3.09 3.51 
LSD  5.34* 6.53* 5.45* ns 

  
0.33** 

CV( %) 21.49 17.51 10.31 8.39 11.36 
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Figure 5. Regression curves of ground cover rates (Canopeo) of different barley genotypes measured 

on different days after emergence 
 

The correlation analysis (Table 5) showed 
that grain yield was positively correlated with 
plant height, test weight and thousand grain 
weight parameters. SPAD and NDVI, which 
are physiological characteristics, were 
positively related to plant height, while a 
negative correlation was found with 
physiological maturity and heading time. 
While both SPAD and NDVI are based on 
spectral reflectance, SPAD measures the 
plant community in a single plant, and NDVI 
measures the plant community as a whole. 

This situation demonstrates that when 
measuring foliage, both plant traits produce 
similar results. Nonetheless, the positive 
connection of NDVI with protein content 
indicates that it may be useful in quality 
selection. Plant height was positively 
correlated with protein content, but 
physiological maturity and heading time  
were negatively correlated. This shows that 
early growing and early maturing genotypes 
have higher protein content, and tall genotypes 
should be selected for good quality. 
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Table 5. Pearson's correlation of investigated traits of barley genotypes during 2019 and 2020 growing seasons 
 

Parameters PH PM HT SPAD NDVI GY PC TW 
PM -0.3409*        
HT -0.2888* 0.8719***       
SPAD 0.5032*** -0.6462*** -0.7259***      
NDVI 0.4444** -0.8195*** -0.8057*** 0.7208***     
GY 0.3093* -0.0050 -0.0493 0.0648 -0.0528    
PC 0.2944* -0.4999*** -0.3766** 0.2703 0.4228** -0.0144   
TW  0.1176 -0.1217 -0.2240 0.0280 0.1819 0.3198* -0.1023  
TGW 0.1038 0.1769 0.0474 0.1581 -0.1873 0.4476** -0.0557 -0.0194 

*, **: Significant at P < 0.05, P < 0.01; ns: non significant; Plant height (PH), Physiological maturity time (PM), Heading time (HT), Normalized 
differences vegetative index (NDVI), Grain yield (GY), Protein content (PC), Thousand grain weight (TGW), Test weight (TW).  
 

CONCLUSIONS 
 

Although early heading and physiological 
maturity were not connected with grain yield 
in barley genotypes, genotypes with high 
grain weight provided advantages under 
general temperature stress conditions. In this 
context, having a high grain filling speed for 
a high grain weight, as well as a large number 
of spikes and grains per spike, will be 
advantageous. It is predicted that barley 
genotypes, which have an architecture that 
does not increase the leaf area but extend the 
plant height, may be suitable plant models for 
heat stressed conditions. The fact that the 
local cultivars used in the study have similar 
phenological, physiological, grain yield, and 
quality characteristics to standard genotypes 
and advanced lines indicates that local 
cultivars can be used directly as cultivars or 
as donors to improve some of the negative 
characteristics of developed cultivars. 
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ABSTRACT 
Potato (Solanum tuberosum L.) is a key crop for global food security. Therefore, under actual climatic 

changes, it is important to search for genotypes with steady characteristics in contrasting weather conditions. 
The aim of the present study was to establish the relationship between the development of the biomass and the 
number, respectively, the weight of the tubers in order to introduce into the breeding program new genotypes, 
future varieties, with increased adaptability to environmental factors. 

The paper presents the results of a field study conducted to NIRDPSB Braşov, Romania, between 2021-2022,  
to evaluate some agronomic traits in potato genotpyes. A total of 15 potato genotypes (1901/6, 1930/3, 1901/12, 
1927/1, 1897/2, 1979/5, 1891/1, 1927/3, 1901/11, 1941/8, 1895/4, 19-1876/7, 1939/2, 21-1895/1, 21-1901/7) along 
with one commercial cultivar (Braşovia) were evaluated. The experiment was laid out in a randomized complete 
block design with three replications. 

Data was recorded on plant height, main stem number per plant, tuber number and weight per plant and 
total tuber yield. Significantly positive phenotypic correlations for the height and mass of the plants were 
observed to the both determinations in the both years (r=0.90175, r=0.889, r=0.54505, r=0.562). The number 
and the weight of tubers were in an evolutionary process during the two experimental years. Genotypes          
21-1901/7 (45.55 t/ha in 2021 and 34.17 t/ha in 2022) and 1939/2 (47.93 t/ha in 2021, respectively, 30.70 t/ha in 
2022) recorded significantly high productions and even in the extreme conditions of 2022 maintained their high 
production capacity. 

The present findings show the existence of proper genetic variability and divergence among traits, and the 
identified traits can be used in a potato improvement program.  
 
Keywords: agronomic traits, breeding, correlation, potato, yield. 

 
INTRODUCTION 

 
he potato (Solanum tuberosum L.), 
because of its adaptability, yield capacity 

and nutrition contribution and as an important 
component of diversified cropping systems, 
has a long history of helping relieve food 
insecurities and contributing to improve 
household incomes in times of crisis and today’s 
population expansion (Devaux et al., 2021). 

After wheat, rice and maize, potato is now 
the fourth most important global food crop 
due to yield and high nutritive value. Potatoes 
are a good source of carbohydrates, vitamins, 
and minerals. Vitamins include niacin, 
thiamin, riboflavin and vitamin C (Cotton et 
al., 2004; Khalil et al., 2021). Potato can 
grow in warmer as well as cooler climates, 

however it cannot thrive in harsh climatic 
conditions such drought, high temperature 
and high humidity (Guo et al., 2017). In 
many countries potato is grown as a major 
crop under different climatological zones, 
such as temperate regions, the sub-tropics and 
tropics, under very different agro-ecological 
conditions, lowlands and highlands. Presently, 
the potato crop is cultivated in about 160 
countries and there are nearly 5000 potato 
varieties worldwide (Zaheer and Akhtar, 2016). 
With regard to the global food consumption, 
potato ranks third as an important non-grain 
crop. FAO has declared potato as the food 
security crop because it provides nutritious 
food to poor and hungry where the world is 
facing issues with food accessibility (Devaux 
et al., 2014). 

T 


