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Introduction. Adequate water supply is essential for maintaining leaf cell 

turgor and ensuring normal photosynthetic activity. Under adverse environmental 

conditions, especially soil salinity, photosynthetic processes, plant growth, 

development, yield formation, and crop quality are negatively affected. Therefore, 

net photosynthetic productivity (NPP) is an important physiological indicator for 

evaluating cotton productivity under saline conditions. 

Salt stress disrupts photosynthetic enzymes, pigments, membrane proteins, and 

ion balance in plant tissues [1, 2, 7]. Photosynthetic pigments, including chlorophyll 

a, chlorophyll b, and carotenoids, are closely related to light absorption and 

photochemical capacity [3]. Previous studies show that chlorophyll content usually 

decreases under salinity, particularly in salt-sensitive cotton cultivars, while tolerant 

cultivars maintain more stable pigment levels [4–6]. 

The Impact of Salinity on Net Photosynthetic Productivity. Net 

photosynthetic productivity is directly related to biological and economic yield 

because most dry matter in plants is formed through photosynthetic assimilation. In 

saline soils, seed germination, plant density, and early development are often 

reduced, which ultimately limits crop productivity. 

Throughout the experimental trials, it was observed that the net photosynthetic 

productivity varied considerably depending on the level of soil salinity and the 

specific developmental stages of the cotton varieties. Notably, the impact of soil 

salinity resulted in a measurable decrease in NPP across all experimental variants. 

The detailed observations for each variety are as follows: 

− Bukhoro-8: During the squaring stage, this variety recorded indicators of 

6.70 in the first variant and 6.52 in the second variant. At the flowering stage, the 

values reached 8.42 and 8.13, respectively, while the boll formation stage yielded 

results of 10.53 and 10.16. This variety consistently maintained high productivity 

levels across all growth stages. 

− Xinluzao-57: Indicators of 6.24 and 5.93 were recorded during the squaring 
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stage. At the flowering stage, values of 8.04 and 7.75 were noted, and the boll 

formation stage showed figures of 9.88 and 9.59. This variety also exhibited 

relatively high photosynthetic efficiency. 

− Zhongmian-88: This variety displayed lower productivity, with values of 

5.37 and 4.90 at the squaring stage. During the flowering stage, these figures stood 

at 7.24 and 6.72, and reached 8.86 and 8.17 at the boll formation stage. 

− Xinluzao-52: The results for the squaring stage were 6.02 and 5.88, while 

the flowering stage recorded 7.74 and 7.37. At the boll formation stage, the values 

were 9.79 and 9.37, indicating moderate performance levels. 

− Zhongmian-113: In this variety, productivity significantly decreased under 

saline conditions, with 5.51 and 5.16 at the squaring stage, 7.49 and 6.95 at 

flowering, and 9.15 and 8.60 during boll formation. 

− Xinluzao-78: This variety demonstrated average tolerance, with indicators 

of 5.76 and 5.34 at the squaring stage, 7.50 and 7.14 at the flowering stage, and 9.45 

and 8.96 during the boll formation period. 

− Zhuntai-2: This variety exhibited the lowest photosynthetic productivity 

overall, recording 5.15 and 4.76 at the squaring stage, 7.03 and 6.51 at the flowering 

stage, and 8.58 and 7.99 during the boll formation stage. 

Broadly speaking, the net photosynthetic productivity in all studied varieties 

increased progressively as they advanced through their developmental stages. The 

lowest indicators were consistently found at the squaring stage, while the peak 

values were recorded during the boll formation stage. This trend is explained by the 

expansion of the total leaf surface area and the full maturation of the photosynthetic 

apparatus. Under saline conditions, however, photosynthetic productivity was 

suppressed across all stages. This phenomenon is directly related to the 

physiological impact of salt stress. Salinity restricts water exchange, leading to 

stomatal closure, which in turn reduces the influx of $CO_2$. Such a mechanism 

weakens the intensity of photosynthesis and disrupts the ionic balance within the 

saline environment, thereby impairing chloroplast activity and slowing down 

assimilation processes. 

Comparative Analysis of Cotton Varieties and Their Photosynthetic 

Performance. When comparing the studied genotypes, it was observed that the 

Bukhoro-8 and Xinluzao-57 varieties emerged as the leading cultivars in terms of 

net photosynthetic productivity. These specific varieties demonstrated a remarkably 

high level of resilience and physiological tolerance towards soil salinity. In contrast, 

the Xinluzao-52 and Xinluzao-78 varieties exhibited moderate or intermediate 

results, maintaining a stable but less pronounced photosynthetic capacity. A 
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significant and noticeable decline in productivity was recorded for the Zhongmian-

113 variety. Furthermore, the lowest performance indicators across all measured 

parameters were identified in the Zongmian-88 and Zhuntai-2 varieties. 

These aforementioned cultivars are classified as the most sensitive to salt-

induced stress. Notably, the Zhuntai-2 variety experienced a sharp and drastic 

reduction in photosynthetic efficiency across all developmental stages, which serves 

as a clear physiological indicator of the variety’s poor adaptive capacity and low 

genetic plasticity under environmental pressure. 

A distinct and scientifically relevant correlation was established between the 

developmental stages and the experimental variants. In every growth stage, the first 

experimental variant consistently exhibited higher productivity compared to the 

second variant. This empirical evidence underscores the fact that as the degree of 

soil salinity increases, the net photosynthetic productivity of the cotton plant 

inversely decreases. A strong positive correlation was also identified between the 

different growth phases: 

− Varieties that recorded high performance indicators during the squaring stage 

continued to demonstrate superior results throughout the flowering and boll 

formation stages. 

− This consistency is largely attributed to the inherent genetic potential and the 

robust physiological mechanisms of the specific variety. 

− Conversely, a negative correlation exists between the intensity of soil salinity 

and photosynthetic output; as salinity levels intensified, the productivity of the 

photosynthetic apparatus significantly diminished. 

− This observed trend remained stable and consistent across all tested varieties, 

regardless of their origin. 

There is a profound and fundamental relationship between net photosynthetic 

productivity, growth rate, and total chlorophyll content. It was found that: 

− Varieties characterized by higher chlorophyll concentrations also exhibited 

significantly higher levels of photosynthetic productivity. 

− In genotypes with a rapid growth rate, assimilation processes were observed 

to occur more actively and efficiently. 

− However, under saline conditions, all these physiological indicators 

underwent a marked decline. 

The findings of this research carry substantial practical importance for the 

selection of suitable cotton varieties for cultivation in salt-affected soils. Varieties 

that maintain a high net photosynthetic productivity are capable of sustaining stable 

yield levels even under stress. By selecting and implementing salt-tolerant cultivars, 
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it is possible to enhance overall agricultural production efficiency in degraded soil 

environments. Based on the cumulative data, while salinity negatively impacts all 

varieties, Bukhoro-8 and Xinluzao-57 proved to be the most resilient, whereas 

Zongmian-88 and Zhuntai-2 were the most susceptible. 

Conclusion. The results of this comprehensive study have demonstrated a 

powerful and intrinsic correlation between net photosynthetic productivity, 

chlorophyll concentration, and the intensity of plant growth. Furthermore, the 

research provides a robust scientific basis for the necessity of selecting salt-tolerant 

varieties to ensure high agricultural yields under saline soil conditions. 

These findings are equally critical for the strategic planning of agrotechnical 

measures. Effective management of salt-affected fields requires the precise 

organisation of irrigation and leaching systems, alongside the rational and 

scientifically-grounded application of mineral fertilisers. Such integrated 

management practices can facilitate the partial recovery of photosynthetic 

productivity. Ultimately, the results of this study illustrate the complex and multi-

faceted impact of salinity on plant physiology, offering a roadmap for mitigating 

salt stress in cotton cultivation. 
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