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SUMMARY 

 

An association of biotic and abiotic stress resistance has existed with modifying the genetic makeup of 

plant cells, and as a result, variations occur in some physiological and biochemical processes. 

Relatedly, the collection of bread wheat (Triticum aestivum L.) germplasm and its assessment through 

morphological, genetic, and physiological parameters are practically significant. Studying the influence 

of the genotype-environment on the physiological and quantitative characteristics of bread wheat 

germplasm in Uzbekistan resulted in the environment influencing the wheat genotypes, with a 

hydrothermal coefficient of Ij = 1.43 in 2017. It gave the average grain yield from all the wheat 

nurseries at 6.84 t/ha. Meanwhile, in 2019, the hydrothermal coefficient was Ij = 0.69 with a grain 

yield of 6.77 t/ha. However, when the hydrothermal coefficient decreased to a negative value (Ij = -

2.8), the average yield decreased to 6.48 t/ha. The identification of wheat genotypes succeeded 

according to environmental plasticity (bi) and stability coefficient (Si2) indicators, i.e., K-64 (bi = 0.5, 

Si2 = 1.8), K-74 (bi = 0.7, Si2 = 1.9), and genotype K-100 (bi = 0.4, Si2 = 0.9).  
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Key findings: Regression analysis showed a one-mg increase in total chlorophyll content raised the 

productivity of 50 selected bread wheats (T. aestivum L.) genotypes by 12%. The three-year average 

of total chlorophyll ranged from 3.34 to 2.03 mg/g, with productivity also significantly reduced in 

wheat genotypes with low chlorophyll content. 

 

 

INTRODUCTION 

 

Agriculture is one of the main sectors of 

economic development, and the population 

constantly ensuring food security is one of the 

main tasks of the country manages because 

food security depends on economic, 

environmental, and democratic factors. Climate 

change is one of the global problems of the 

21st century, which has a chief impact on the 

agriculture sector (Lves and Schmidt, 2022). 

At present, observations on climate change 

have shown a greater influence on crop plants 

worldwide. Climate change, land and water, 

energy resources, and environmental factors 

are the main challenges to food security 

strategies (Chandio et al., 2023; Azimov et al., 

2024).  

 Wheat (Triticum aestivum L.) is the 

primary cereal and staple crop, ensuring food 

safety. Currently, cultivated wheat cultivars 

must be high-yielding with better grain quality 

and resistant to various diseases and 

unfavorable environmental conditions like 

biotic and abiotic stresses (Bakhodirov et al., 

2021; Meliev et al., 2023a, b). In the 

identification and selection of high-yielding 

cultivars, the genotype and environment 

interactions (GEI) require high consideration, 

as they are vital in managing the cultivars' 

grain yield under different environmental 

conditions. Past findings also enunciated that 

different genotypes respond differently to the 

same conditions, and the same genotype 

responds differently to varied environmental 

conditions (Baboeva et al., 2023).  

 High temperatures cause a significant 

decrease in wheat yield, especially during grain 

filling, shortening the formation period of crop 

components. An evaluation and identification of 

the wheat gene pool through developing 

natural and artificial high-temperature stress 

environments is indispensable. Moreover, the 

high temperature can be useful in determining 

the prime characteristics of wheat genotypes 

and selecting the desirable genotypes (Kumar 

et al., 2022). 

Through the years, Uzbekistan has 

risen 12 spots (from rank 85 to rank 73) out of 

113 nations in the Global Food Security Index. 

It now ranks first among the top 10 countries 

with the fastest growth. The World Bank has 

also cautioned that unless a change in water 

distribution occurs, Uzbekistan, as a nation 

relying on irrigated agriculture for 95% of its 

productivity, will greatly suffer from climate 

change. Additionally, a prediction has surfaced 

that the nation's annual water deficit will reach 

seven billion cubic meters by 2030 and 15 

billion cubic meters by 2050. The 

Intergovernmental Panel on Climate Change 

reports that temperatures in Central Asia 

quickly increase more than the global average. 

Eventually, this will worsen the drought. 

Glaciers are also melting at an 

unprecedented rate in the region 

(https://uza.uz/posts/571956). In solving 

these problems, the first step is developing 

climate-resistant wheat cultivars. According to 

the Ministry of Agriculture, in 2023, the grain 

harvest amounted to more than 8.1 million 

tons produced by farms and agricultural 

enterprises in Uzbekistan. As a result, the 

average grain yield increased from 7.05 tons in 

irrigated areas (https://zamon.uz/uz-to/detail). 

This is definitely one of the reasons for 

introducing and developing local cultivars 

suitable for a given climate. The value of each 

wheat cultivar gains distinction by its plasticity 

and stability to a specific degree of potential 

productivity under different environmental 

conditions (Prysiazhniuk et al., 2020). 

 Under diverse growing conditions, the 

common wheat plant exhibits phenotypic 

variability with the influence of various 

environmental factors. With climate change, 

the phenotypic variability in wheat genotypes 

refers to phenotypic plasticity (Grogan, 2016). 

This term suits to explore the physiological and 

morphological variabilities of genotypes under 

https://uza.uz/posts/571956
https://zamon.uz/uz-to/detail
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the influence of various environmental factors 

during periods of development. In contrast, the 

advantage of selection based on physiological 

and morphological traits has markers of early 

and normal grain yield easily identifiable from 

yield-attributing traits (OECD-FAO, 2018). In 

breeding, the proper phenotyping and its 

application combined with molecular 

information based on the genetic principles will 

improve its efficiency (Fujino et al., 2019). 

 In this case, the process of indirect 

selection aimed at physiological traits is 

considerably more effective than selection 

aimed at productive traits (Sabri et al., 2020). 

Therefore, the presented study aimed to 

evaluate the differences in morphological and 

physiological traits for increasing the grain 

yield of heat-tolerant and temperature-

sensitive wheat genotypes. Additionally, the 

study sought to identify the key characteristics 

beneficial in the selection and development of 

climate-resistant wheat genotypes. 

 

 

MATERIALS AND METHODS 

 

The study commenced in 2017 to 2019 at the 

Tashkent Region of Uzbekistan (41.2322° N 

and 69.2754° E). The experiments happened 

at the Dormon Experimental Site, Institute of 

Genetics and Plant Experimental Biology, 

Academy of Sciences of Uzbekistan, Tashkent 

Region, Uzbekistan. This paper reports the 

dependence of the wheat resistance index on 

yellow rust disease based on the physiological, 

morphological, and yield-related traits and 

their adaptability under natural climatic 

conditions. 

 

Plant material 

 

Research materials comprised using elite high-

yielding cultivars of the spring wheat gene pool 

(38th – ESWYT: Elite Spring Wheat Yield Trial) 

and the samples of high-temperature-resistant 

wheat (16th HTWYT: High-Temperature Wheat 

Yield Trial), procured from the International 

Maize and Wheat Improvement Center 

(CIMMYT), Mexico. The cultivar 

Krasnodarskaya-99 served as the control 

genotype, released in Uzbekistan, as a jointly 

developed cultivar with the Krasnodar KHITI 

named after P. Lukyanenko and the North 

Kuban Agricultural Research Station. All the 

wheat genotypes’ planting was in 2 m2-wide 

subplots with three replications. 

 

Data recorded and analysis 

 

The leaf area, photosynthesis, and chlorophyll 

content analysis on 10 plant leaves proceeded 

and then averaged. In all the wheat genotypes, 

recording the data on plant height, plant 

biomass, 1000-grain weight, and grain 

productivity ensued. 

 

 

RESULTS 

 

Environment impact on productivity  

 

Based on the results of the wheat genotypes’ 

grain yield, the established average annual 

grain yield of the wheat collected germplasm 

was Yi = 6.69 t/ha, which was 0.39 t/ha higher 

than the standard cultivar Krasnodar-99 (6.30 

t/ha). On grain yield, the standard cultivar 

showed high results in 17 samples. The overall 

average grain yields of the collected genotypes 

for three years were 6.69 t/ha. However, the 

highest grain yield resulted in the genotypes K-

7 (7.07 t/ha), K-13 (7.16 t/ha), K-32 (6.77 

t/ha), K-46 (6.89 t/ha), K-64 (7.76 t/ha), and 

K-89 (6.86 t/ha), and the yield was above 

average (Table 1). 

 Analyzing the stress resistance based 

on productivity revealed the hydrothermal 

coefficient (HTC) as 1.43 in 2017, and the said 

values were -2.82 and 0.69 in 2018 and 2019, 

respectively. During the study, the most 

favorable conditions were evident in the years 

2017 and 2019. In 2017, the value of the 

environmental index was equal to Ij = 1.43, 

and the total yield was 6.84 t/ha. In 2018, a 

relatively negative value (Ij = -2.8) appeared, 

and the total yield decreased to 6.48 t/ha. For 

2019, the conditions were relatively favorable 

with the value of Ij = 0.69, and the total yield 

was 6.77 t/ha. These stressful meteorological 

conditions made it possible to determine the 

adaptability of the studied samples (Table 1). 
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Table 1. Adaptability index of wheat germplasm with the environment’s influence on the grain yield in 

wheat. 

Catalog number 
Grain yield (t/ha) 

Yi Уmin-Уmax 
Уmin+Уmax/

2 
bi Si2 

2017 2018 2019 

7 6.80 7.70 6.70 7.07±3.15 -10.0 72.0 2.7 1.3 

8 6.83 5.20 7.63 6.56±7.16 -24.3 64.2 5.6 10.5 

13 6.31 7.70 7.47 7.16±4.29 -13.9 70.0 2.7 27.7 

20 7.03 5.17 7.43 6.54±6.98 -22.7 63.0 5.8 120.0 

21 7.15 5.90 6.93 6.66±3.86 -12.5 65.3 3.4 34.7 

32 7.15 5.97 7.20 6.77±4.02 -12.3 65.8 4.0 1.4 

41 6.33 7.16 5.33 6.28±5.28 -18.3 62.5 4.0 10.1 

46 6.37 7.35 6.97 6.89±2.86 -9.8 68.6 2.5 1.2 

47 6.70 5.40 6.60 6.23±4.17 -13.0 60.5 4.2 1.5 

49 7.20 5.77 6.50 6.49±4.13 -14.3 64.8 3.9 2.2 

56 7.13 5.50 7.20 6.61±5.55 -17.0 63.5 5.5 0.9 

60 7.27 6.25 6.47 6.66±3.09 -10.2 67.6 2.4 3.8 

61 6.15 6.40 5.77 6.11±1.84 -6.3 60.8 1.3 0.3 

64 7.64 7.85 7.80 7.76±1.63 -2.1 77.5 0.5 1.8 

74 6.70 6.90 6.63 6.74±8.01 -2.0 67.7 0.7 1.9 

80 6.83 7.10 6.27 6.73±2.45 -8.3 66.8 1.6 1.7 

81 7.18 5.87 6.83 6.63±3.93 -13.2 65.3 3.9 0.9 

82 6.55 7.25 6.13 6.64±3.26 -11.2 66.9 2.8 0.4 

89 6.83 6.60 7.13 6.86±1.54 -5.3 68.7 1.1 0.9 

100 6.66 6.65 6.33 6.55±1.07 -3.3 65.0 0.4 0.9 

Krasnodar-99 6.40 5.80 6.70 6.30±1.20  -9.0 62.5 2.4 0.6 

Yi 6.84 6.48 6.77 6.69±3.46     

Ij 1.43 -2.82 0.69      

 In the second year (2018), the level of 

the hydrothermal coefficient of atmospheric 

humidity decreased relatively, causing a 

decrease in the total yield to 6.48 t/ha. It was 

apparent that in wheat genotype K-64 (7.85 

t/ha), unlike samples with a high level in the 

first year, the grain yield did not decrease, 

indicating its supreme genetic potential for its 

productivity. Stable favorable conditions were 

notable during 2019, and the wheat samples 

K-8 (7.63 t/ha), K-13 (7.47 t/ha), K-20 (7.43 

t/ha), K-21 (6.93 t/ha), K-32 (7.20 t/ha), K-46 

(6.97 t/ha), K-56 (7.20 t/ha), K-64 (7.80 

t/ha), and K-89 (7.13 t/ha) showed positive 

responses. Over an average of three years, it 

was remarkable that samples K-100, K-74, and 

K-64 proved resistant to stress conditions, 

showing greater stability with low yield 

variability, while the samples K-7, K-13, K-46, 

and K-89 had medium stability. 

 During three years of research, the 

study of wheat samples’ environmental 

plasticity indicators (bi) and stability coefficient 

(Si2)  also occurred. The samples’ yield showed 

different adaptive properties under the 

influence of environmental conditions. It was 

prominent that the variability of genotypes K-

64 (bi = 0.5, Si2 = 1.8), K-74 (bi = 0.7, Si2 = 

1.9), and K-100 (bi = 0.4, Si2 = 0.9) was 

relatively low, indicating their resistance to 

stressful conditions. However, the wheat 

genotypes K-8 (bi = 5.6, Si2 = 10.5), K-13 (bi 

= 2.7, Si2 = 27.7), K-20 (bi = 5.8, Si2 = 

120.0), K-21 (bi = 3.4, Si2 = 34.7), and K-41 

(bi = 4.0, Si2 = 10.1) bore ratings with the 

highest level of environmental ductility and 

stability (Table 1). 

 The analysis of relationships between 

quantitative and physiological indicators of 

selected samples, the correlation of the 

physiological properties of samples under high 

temperature and water deficiency stress, 

during the ripening of wheat grains, with 

quantitative traits ensuring yield transpired. In 

the scrutiny of samples’ leaf surface, the 

average annual indicator for the leaf surface 

for wheat collection was 63.6 ± 6.42 cm (Table 

2). The lowest indicator emerged in sample K-
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8 (50.1 ± 1.98), while the highest was in sample K-64 (73.0 ± 

7.36). Nine wheat samples showed above-average and the highest 

rate compared with the sample's average. Samples K-60, K-56, 

and K-89 differed in leaf length (29.2 ± 1.64, 28.1 ± 2.20, and 

30.0 ± 0.80 cm, respectively), but were low in leaf width. In 

contrast, in sample K-21, the leaf length (28.3 ± 1.30) was 

relatively short, and the higher leaf width (2.48 ± 0.10) increased 

the leaf surface (69.9 ± 2.35). In these studies, the grain yield 

was also higher in samples with larger leaf areas. It was distinct 

that the samples with a leaf surface of above 70 cm2 showed 

varied yields (6.5–7.7 t/ha) and 1000-grain weight (45–50 g) 

(Table 2). 

 

Table 2. Variations in total biomass of wheat germplasm based on the traits leaf area and plant height. 

Catalog 

number 

Total biomass (kg) Means ± SE 

(kg) 

Total leaf area (cm2) Mean ± SE 

(cm) 

Plant height (cm) Means ± SE 

(cm) 2017 2018 2019 2017 2018 2019 2017 2018 2019 

7 2.44 1.27 1.67 1.79±0.34 68.1 82.9 62.7 71.2±6.06 95.0 76.7 93.9 88.5±5.93 

8 1.89 1.28 2.35 1.84±0.31 52.3 52.0 46.2 50.1±1.98 80.7 88.8 91.6 87.0±3.29 

13 2.45 1.41 2.18 2.02±0.31 68.6 75.6 74.3 72.4±2.03 99.5 89.9 92.0 93.8±5.07 

20 1.78 1.82 2.12 1.91±0.11 73.2 77.3 58.4 69.6±4.75 88.0 88.5 87.2 87.9±0.40 

21 2.1 1.98 1.86 1.98±0.07 68.0 74.5 67.1 69.9±2.35 90.3 91.9 91.1 91.0±0.44 

32 2.28 1.61 2.01 1.97±0.20 65.9 70.4 56.4 64.2±4.13 91.7 86.9 89.3 89.2±3.35 

41 1.63 1.32 1.14 1.37±0.14 65.6 46.7 59.9 57.4±5.57 99.9 88.4 93.3 93.8±3.35 

46 2.36 1.86 1.91 2.05±0.16 61.4 61.2 61.7 61.4±10.4 98.3 88.3 91.6 92.7±2.95 

47 1.17 1.59 1.65 1.47±0.15 81.6 43.9 63.5 62.9±10.8 89.0 88.6 93.3 90.2±1.51 

49 1.83 1.94 1.64 1.80±0.09 63.2 44.9 71.3 59.8±7.12 89.3 90.0 87.2 88.8±0.84 

56 1.99 1.83 2.04 1.95±0.06 70.4 76.7 45.2 64.1±9.58 87.3 95.2 88.3 90.2±2.47 

60 2.08 2.19 1.6 1.96±0.18 71.0 48.4 72.5 63.9±4.72 92.7 85.0 94.4 90.7±2.90 

61 1.6 1.36 1.25 1.40±0.10 58.4 53.4 56.3 56.0±3.92 105.0 85.5 94.7 95.0±5.64 

64 2.62 3.11 2.39 2.70±0.21 75.2 71.0 72.9 73.0±7.36 95.2 93.3 101.1 96.5±2.34 

74 2.27 1.17 1.66 1.70±0.32 65.6 63.1 72.9 67.2±8.44 95.1 83.3 92.8 90.4±3.60 

80 2.14 1.23 1.41 1.59±0.28 69.4 73.8 75.2 72.8±1.74 92.7 86.7 90.2 89.8±1.74 

81 2.03 1.49 1.85 1.79±0.16 76.1 46.5 48.9 57.1±9.51 89.3 91.7 91.1 90.6±0.70 

82 2.06 0.92 1.26 1.41±0.34 73.8 72.4 68.5 71.6±3.18 96.7 91.7 92.7 93.6±1.52 

89 2.36 1.39 1.92 1.89±0.28 55.7 60.2 67.6 61.2±5.87 95.0 81.7 88.3 88.3±3.85 

100 1.87 1.28 1.49 1.55±0.18 61.6 42.6 61.3 55.1±5.97 95.0 86.7 96.6 92.7±3.08 

Means ± SE 2.05 1.60 1.77 1.81±0.20 67.35 61.19 62.3 63.6±6.42 93.3 87.9 92.0 91.5±0.53 

Krasnodar 99 1.65 1.48 1.69 1.60±0.27 73.3 57.9 63.5 64.9±5.97 92.3 91.7 90.5 91.0±2.54 

Weather information 

Atmospheric 

humidity (%) 

59.6% 54.6% 68.6%  59.6% 54.6% 68.6  59.6% 54.6% 68.6%  

Temperature  

(°C) 

15 16.1 15.8  15 16.1 15.8  15 16.1 15.8  
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 The relationship between indicators of 

leaf surface, plant growth, and biomass, and 

by analyzing the interaction of leaf moisture, 

plant growth, and biomass of samples based 

on the three-year analysis, the established 

total biomass of samples was 1.81 ± 0.20 

kg/m2. It exceeds the standard cultivar 

Krasnodar-99 (1.60 ± 0.27 kg/m2). However, 

no significant differences appeared between 

the collected wheat samples and the standard 

cultivar Krasnodar-99 for the traits total leaf 

surface and plant height. 

 The dependence of the chlorophyll 

content in the studied samples with 

environmental influence has established that 

the three-year average chlorophyll content in 

the wheat samples was 2.63 ± 0.26 mg, while 

the standard cultivar Krasnodarskaya-99 was 

2.34 ± 0.12. Overall, 0.29 mg more 

synthesized chlorophyll resulted in the studied 

wheat samples. It was also noteworthy that 

85% of wheat samples had the total 

chlorophyll content of more than 2.50 mg, the 

leaf surface above 60 cm2, and the grain yield 

above 6.0 t/ha. In samples K-7, K-46, K-13, 

and K-64, the highest values manifested for 

the chlorophyll, productivity, and leaf area, as 

well as, the daily net productivity of 

photosynthesis (Figure 2).  

 By determining the relationship 

between the various traits, it revealed total 

chlorophyll had a significant strong positive 

correlation with carotenoids (r = 0.94***) and 

a medium positive relationship with leaf 

surface (r = 0.54*). Likewise, it had a strong 

positive relationship with yield (r = 0.95***) 

and an average positive relationship with the 

daily net productivity of photosynthesis.  

 The red dots on the graph represent 

the predicted increase in grain yield, and the 

blue dots represent the total amount of 

chlorophyll in the regression analysis. The 

regression coefficient on the graph was 

0.0082%, as shown by the equation y = 

0.0082 × -2.88 (Figure 1). Fertility emerged to 

rise by 0.0082 g/m2 (up to 12%) when the 

total amount of chlorophyll increased by 1 

mg/g. The three-year average chlorophyll 

content in the examined samples decreased 

from 3.34 to 2.03 mg/g when compared with 

the net photosynthetic productivity and crop 

output. Additionally, wheat samples with lower 

chlorophyll content showed a notable decline in 

grain yield. 

 The accumulation of dry matter in 

bread wheat is one of the vital parameters 

determining photosynthetic productivity and 

grain yield. In the three-year studies, the 

overall average photosynthetic productivity of 

the samples was 5.34 g/m2/day. For the 

standard cultivar Krasnodarskaya-99, the daily 

productivity of photosynthesis was 5.47 

g/m2/day, which was higher than in the 

collection samples. In germplasm with net 

photosynthetic productivity above 6 g/m2/day, 

an increase in yield was up to 7.0 t/ha, and the 

total leaf surface was up to 71 cm2 (except for 

sample K-46). Moreover, the dry matter 

accumulation level was up to 2.34 mg, and the 

total chlorophyll content ranged from 2. 62 to 

3.34 mg. 

 
 

Figure 1. Effect of total chlorophyll on the grain yield of wheat germplasm. 



SABRAO J. Breed. Genet.57 (2) 403-413. http://doi.org/10.54910/sabrao2025.57.2.1 

409 

 By studying the influence of wheat samples on the 

photosynthesis, chlorophyll, and grain yield, it was prominent that 

the grain yield increased in samples K-7 (6.25 ± 0.35), K-13 (6.36 

± 0.56), K-46 (6.39 ± 0.62), and K-64 (6.48 ± 0.62) having the 

highest daily net productivity of photosynthesis. The remaining 

samples did not differ significantly from each other. In samples 

with net photosynthetic productivity of more than 6 g/m2/day, the 

1000-grain weight was 47.7 g, and the number of spikelets per 

spike was 17. Furthermore, the spike’s length was 10.6 cm, the 

grain weight per spike was 2.23 g, and the grains per spike were 

47.1, causing the spike weight to be more than 3.1 g (Table 3). 

 The results further revealed photosynthetic productivity 

provided a significant positive correlation with total leaf surface (r 

= 0.82***), an average positive linkage with total chlorophyll (r = 

0.59**), an average positive relation with dry matter accumulation 

(r = 0.59**), and the grain yield (r = 0.69**). However, the ear 

length (r = 0.43*), number of grains (r = 0.46*), and the spike 

weight (r = 0.44*) showed a weak positive association with 

photosynthetic productivity. 

Table 3. Variations in three-year chlorophyll content (mg/g) in wheat germplasm. 

Catalog 

number 

Total chlorophyll "а+б" Mean± SE 

(mg/g) 

Carotenoid 

content (mg/g) 

Total leaf areas 

(cm2) 

Grain yield 

(t/ha) 

Net productivity of 

photosynthesis (g/m2day) 2017 2018 2019 

7 3.34±0.06 3.09±0.20 2.99±0.06 3.14±0.51 2.02±0.07 71.2±6.06 7.07±3.15 6.25±0.35 

8 2.87±0.24 2.53±0.13 2.24±0.30 2.55±0.18 1.68±0.09 50.1±1.98 6.56±7.16 4.26±0.37 

13 2.95±0.03 1.95±0.05 3.71±0.04 2.87±0.11 1.87±0.31 72.4±2.03 7.16±4.29 6.36±0.56 

20 2.20±0.48 2.15±0.09 3.01±0.20 2.45±0.28 1.74±0.17 69.6±4.75 6.54±6.98 4.89±0.39 

21 2.37±0.06 3.40±0.49 2.21±0.26 2.66±0.37 1.65±0.15 69.9±2.35 6.66±3.86 5.21±0.37 

32 2.34±0.08 2.25±0.59 3.89±0.26 2.82±0.53 1.90±0.37 64.2±4.13 6.77±4.02 5.47±0.28 

41 1.93±0.02 2.60±0.29 2.29±0.36 2.27±0.20 1.53±0.09 57.4±5.57 6.28±5.28 4.80±0.43 

46 2.83±0.49 2.92±0.15 3.08±0.11 2.94±0.08 2.06±0.05 61.4±10.4 6.89±2.86 6.39±0.62 

47 2.01±0.44 2.21±0.26 1.95±0.05 2.06±0.08 1.40±0.09 62.9±10.8 6.23±4.17 4.75±0.65 

49 2.17±0.09 3.01±0.20 1.95±0.14 2.37±0.32 1.62±0.21 59.8±7.12 6.49±4.13 4.75±0.54 

56 2.81±0.22 2.31±0.47 2.60±0.29 2.57±0.15 1.66±0.07 64.1±9.58 6.61±5.55 5.12±0.33 

60 2.29±0.24 2.52±0.10 3.14±0.34 2.65±0.25 1.83±0.18 63.9±4.72 6.66±3.09 5.53±0.22 

61 1.91±0.13 1.77±0.31 2.41±0.02 2.03±0.19 1.41±0.13 56.0±3.92 6.11±1.84 4.56±0.43 

64 3.56±0.22 3.28±0.19 3.19±0.72 3.34±0.11 2.18±0.04 73.0±7.36 7.76±1.63 6.48±0.62 

74 3.59±0.07 2.15±0.29 2.33±0.08 2.69±0.45 1.83±0.30 67.2±8.44 6.74±8.01 5.54±0.21 

80 3.00±0.23 2.53±0.38 2.53±0.14 2.69±0.16 1.96±0.26 72.8±1.74 6.73±2.45 5.31±0.65 

81 2.23±0.05 2.99±0.06 2.52±0.22 2.58±0.22 1.66±0.14 57.1±9.51 6.63±3.93 5.11±0.43 

82 2.21±0.09 3.14±0.56 2.53±0.14 2.62±0.27 1.73±0.26 71.6±3.18 6.64±3.26 5.21±0.75 

89 2.44±0.56 2.83±0.10 3.23±0.15 2.83±0.23 1.88±0.15 61.2±5.87 6.86±1.54 5.75±1.31 

100 1.88±0.44 2.23±0.21 3.28±0.19 2.46±0.42 1.61±0.28 55.1±5.97 6.55±1.07 5.04±0.40 

± S  
2.54±0.06 2.59±0.25 2.75±0.03 2.63±0.26 1.76±0.17 63.6±6.42 6.69±3.46 5.34±0.45 

Krasnodar 99 2.16±0.19 2.33±0.22 2.56±0.13 2.34±0.12 1.60±0.05 64.9±5.97 6.30±1.20 5.47±0.66 

Correlation between traits:  r = 0.94***, r = 0.54*, r = 0.95***, r = 0.59** 

Note: Significant at P < 0.05* and P < 0.01** 
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DISCUSSION 

 

The study analyzed the influence of climate 

change on the morphological, physiological, 

and productive characteristics of wheat 

germplasm. It was an effective way to consider 

these resistance features by adapting to the 

highest temperature and water deficit 

conditions observed during the grain maturity 

period (Agarwal et al., 2021). In the presented 

studies, productivity varied depending on the 

hydrothermal coefficient of the year (Table 1). 

The same results have also appeared in the 

other past studies in wheat (Zhang et al., 

2020; Banihashemi et al., 2021). Under 

stressful conditions during 2018, the promising 

wheat genotypes’ selection and isolation 

materialized. Some wheat samples showed the 

highest grain yield even under unfavorable 

environmental conditions (Ij = -2.8). This may 

be due to the positive effect of the plant cell on 

influencing those factors.  

 Stable cell hemostasis explains 

morphological and physiological processes. 

When compared with other samples, the wheat 

genotypes K-64 (bi = 0.5, Si2 = 1.8), K-74 (bi 

= 0.7, Si2 = 1.9), and K-100 (bi = 0.4, Si2 = 

0.9) displayed the topmost values for stability 

and adaptability (Table 1). Previous research 

has demonstrated the beneficial and long-

lasting effects of choosing high-yielding wheat 

cultivars under stressful circumstances 

(Mathew et al., 2019). These findings could 

infer the development of high-yielding wheat 

genotypes with favorable morphophysiological 

traits under stressful circumstances (Farhad et 

al., 2023). In another study, genotypic 

adaptation led to 10.78 t/ha improvements in 

grain yield (Grobovets and Fomenka, 2023). 

 In the studies, a positive correlation 

between leaf area and grain yield (r = 0.58) 

emerged, resulting in increased yield under 

strained conditions (Table 2). Past studies 

exhibited the ripening period (r = 0.52) and 

biological yield (r = 0.44*) have a positive 

effect on wheat grain yield under stressful 

conditions (Kumar et al., 2023). The 

morphological, physiological, and productive 

components of wheat samples during 2019 

were notable with higher values. The reason 

for this can refer to the fact that the 

environmental index for the said crop season 

was equal to Ij = 0.69.  

 Genotypes by environment interactions 

under environmental stress, genotypic, and 

phenotypic indicators of cultivars underwent 

analysis as a model reflecting the influence of 

the reaction on wheat productivity (Esaulko et 

al., 2023). The environment at a relatively 

optimal level positively affected morphological 

characteristics in wheat. In samples with high 

biomass, higher leaf area and plant height 

were visible, which also positively altered 

productivity (Table 2). Plant height can 

considerably be one of the indicators 

characterizing the ecological plasticity of 

genotypes by varied soil and climatic 

conditions (Ripberger et al., 2015). 

 The superior total chlorophyll content, 

leaf area, and daily photosynthetic productivity 

in wheat genotypes K-7, K-46, K-13, and K-64 

led to increased productivity (Table 2). It was 

further remarkable for the genotype grain yield 

with a leaf surface of more than 70 cm2 was 

6.5–7.7 t/ha, and the 1000-grain weight was 

45–50 g. Past investigations revealed when the 

chlorophyll decreased by 16%–11% and the 

plant height, ear length, and spikelets per year 

by 26%, 9%, and 23%, respectively, the 

synthesis of proline and total soluble sugar 

increased by 28% and 6% (Tefera et al., 2021; 

Dubekova et al., 2023). Based on the results, 

it was evident that a positive relationship 

between the leaf area and productivity existed.  

 The results indicated a positive 

relationship (r = 0.58) between leaf area and 

grain yield and a weak positive relationship (r 

= 0.29) between 1000 grain weight and grain 

yield. Past findings enunciated that increasing 

leaf area also enhances the photosynthesis’ 

productivity and, as a result, the grain yield 

rises (Zhao et al., 2018; Meliev et al., 2023). 

Notably, the total chlorophyll content in the 

wheat samples was high (2.50 mg) with a leaf 

area of 60 cm2, and the grain yield exceeded 

6.0 t/ha in 85% of the samples. In wheat 

genotypes K-7, K-46, K-13, and K-64, the 

maximum values were evident for the 

chlorophyll, productivity, and leaf area, as well 

as, the daily net productivity of photosynthesis 
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Figure 2. Effect of photosynthetic productivity on leaf area and grain yield of wheat gerplasm. 

 

(Figure 2). Past studies have proven the 

positive influence of physiological 

characteristics on productivity (Yang et al., 

2022). 

 

 

CONCLUSIONS 

 

Studying the influence of the genotype by 

environment interactions on the physiological 

and quantitative characteristics of the bread 

wheat germplasm in Uzbekistan, we arrived at 

the following conclusions. By analyzing the 

genotypes’ influence, evidently, with the 

hydrothermal coefficient (Ij = 1.43) in 2017, 

the average grain yield was 6.84 t/ha, and in 

2019, with Ij = 0.69, the yield was 8.77 t/ha. 

Wheat genotypes K-64 (bi = 0.5, Si2 = 1.8), 

K-74 (bi = 0.7, Si2 = 1.9), and K-100 (bi = 

0.4, Si2 = 0.9) were distinct, based on the 

indicators of environmental plasticity (bi) and 

stability coefficient (Si2).  
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