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Abstract. Magnetized water is widely used in agricultural irrigation as a new type of biomagnetic 

technology in China. In order to understand the biological effects of different strength magnetized brackish 

water, seed germination and potted experiments were carried out to study its effects of magnetized brackish 

water with different magnetic intensities (0, 100 mT, 300 mT, 500 mT) on seed germination and seedling 

growth. The germination vigor indexes of cotton cultivated with magnetized brackish water significantly 

increased, and the germination potential and vigor index increased by 39.4-60.6% and 129.1-246.3%, 

respectively. The emergence rate of cotton under magnetized brackish water irrigation was faster and 

higher, with an increase range of 7.5-41.9%. The net photosynthetic rate (Pn) and instantaneous water use 

efficiency (iWUE) of cotton under magnetized brackish water irrigation increased significantly, whereas 

the stomatal limit value (Ls) decreased. The total biomasses of cotton under magnetized brackish water 

irrigation were significantly increased, but the stem weight ratio and leaf weight ratio had no significant 

changes. Hence, magnetized brackish water can promote the utilization of water and light, and cotton 

irrigated with 300 mT magnetic field intensity is most conducive to the growth of cotton seedlings. 

Keywords: magnetic water treatment, biological effect, early growth of cotton, water use efficiency, 

efficiency of utilization of light 

Introduction 

Fresh water resources are an important material basis for human survival and 

development, as well as a basic condition for agricultural production (Shrestha et al., 2017). 

With the rapid development of social economy and the continuous increase of population, 

the lack of fresh water resources has become a worldwide problem, posing a serious threat 

to agricultural production and the ecological environment (Wang et al., 2020). Therefore, 

how to solve the problem of fresh water resource crisis has become a very urgent task 

(Murshed and Kaluarachchi, 2018). 

In order to alleviate the contradiction between the supply and demand of fresh water 

resources, in recent years, countries in the world have taken the development and utilization 

of low-quality water as an important means (Zhou et al., 2019), and brackish water is widely 

distributed and has large reserves, so it has become the main water source for development 

and utilization (Faulkner et al., 2019). The scientific and reasonable development and 

utilization of brackish water resources play an extremely important role in alleviating the 

shortage of fresh water resources, expanding agricultural water sources, fighting drought, 

and increasing production (Honarparvar et al., 2019). However, brackish water irrigation 

can easily cause secondary salinization of the soil, causing the soil salinity of the plough 

layer or the concentration of the soil solution to exceed the salinity tolerance of the crop, 
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thereby affecting crop growth and yield (Huang et al., 2019). Therefore, the treatment and 

scientific use of brackish water, the prevention and control of soil secondary salinization, 

and the maintenance of sustainable development of land resources have become the core 

issues in the development and utilization of brackish water (Zhong et al., 2018; 

Mollahosseini and Abdelrasoul, 2019). 

With the development of magnetized water research, this technology has also achieved 

good results in agricultural irrigation (Aliverdi et al., 2015; Al-Ogaidi et al., 2017). Some 

researchers conducted irrigation experiments with magnetized saline water (brackish 

water), and the results showed that magnetization treatment can reduce the harm of brackish 

water (brackish water), promote crop growth, and increase crop yield (Alavi et al., 2020; 

Liu et al., 2020). Surendran et al. (2016) indicated that under field conditions, the yield of 

eggplant under magnetized water irrigation increased by 17.0%. Hozayn et al. (2019) 

showed that the grain yield, straw yield, and biological yield of magnetized brackish water 

increased by 19.24%, 33.97%, and 26.99%, respectively. Moreover, studies on the early 

growth of crops with magnetized water irrigation found that magnetized water irrigation 

significantly improved the germination rate, germination index, activity index, salt 

tolerance index, and other physiological factors of corn (Zea mays L.) seeds, and promoted 

the growth of seedlings under saline conditions (Aghamir et al., 2015). Sayed and Sayed 

(2014) indicated that magnetized water irrigation had a significant positive effect on the 

growth parameters (plant height, leaf area, leaf, stem, root brackish weight, and dry weight) 

of broad bean (Vicia Faba L.) seedlings. Studies on the utilization of light energy of crops 

by magnetized water irrigation showed that the net photosynthetic rate, stomatal 

conductance, intercellular CO2 concentration, and water use efficiency of 

Populus×euramericana ‘Neva’ in magnetized brackish water irrigation were all increased, 

while transpiration rate and stomatal limit value were all decreased compared with that of 

unmagnetized water (Liu et al., 2019a). Alfaidi et al. (2017) found that the contents of 

chlorophyll a, b, carotenoids, total pigment, soluble protein, and total protein in guinea grass 

(panicum maximum) leaves were significantly increased after irrigating with magnetized 

water. More importantly, the growth promoting effect of magnetized water is related to the 

magnetic field strength and irrigation water quality. Massah et al. (2019) indicated that the 

intensity of magnetic field and the type of treated water had a significant effect on the 

germination and growth characteristics of wheat seeds. The germination rate of seeds 

treated with 400 mT of distilled water was the highest (53.3%), the brackish weight of 

seedlings treated with 600 mT of distilled water was the highest, and the root length of 

wheat seeds treated with 400 mT of groundwater was the largest (155.3 mm). 

To sum up, remarkable achievements have been made in irrigating wheat, corn, broad 

bean, and eggplant with magnetized water, but the research on irrigating cotton with 

magnetized water is insufficient. At the same time, there are few studies on the 

magnetization of brackish water. Therefore, it is necessary to explore the effects of 

magnetized brackish water with different magnetic fields on the growth of crops, especially 

on the fragile and sensitive seedling stage of crop growth. Therefore, in this paper, cotton 

was used as experimental material, through the analysis of cotton seed germination, 

seedling emergence, seedling growth, photosynthetic characteristics parameters and 

biomass distribution pattern, the effects of magnetized brackish water with different 

magnetization intensities (0, 100 mT, 300 mT, 500 mT) on cotton seedling growth and 

photosynthetic characteristics were discussed, and the suitable cotton seed germination and 

seedling were determined. The results can provide a theoretical basis and technical support 

for the efficient utilization of brackish water resources in arid and semiarid areas. 



Zhang et al.: Effects of magnetized brackish water on seed germination, seedling growth, photosynthesis and dry matter distribution 

of cotton (Gossypium hirsutum L.) 
- 685 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(1):683-697. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1901_683697 

© 2021, ALÖKI Kft., Budapest, Hungary 

Materials and methods 

Experimental site description 

The experimental site is located in Bazhou Irrigation Experimental Station of Xinjiang 

Tarim River Basin Authority, which is located in the Bayingoleng Mongolian 

Autonomous Prefecture of Xinjiang in the middle of Eurasia continent (Liang et al., 

2020). It is a typical continental arid climate type and an important cotton (Gossypium 

hirsutum L.) planting area in Northwest China (Chen et al., 2020). The experimental 

station is 41°35′N and 86°10′E, with an elevation of 901 m (Yang et al., 2016). The annual 

average precipitation is only 58 mm, and the maximum potential evaporation is 

2788.2 mm (Tian et al., 2017). The annual sunshine in this region is 3036.2 h, the frost-

free period is 144-241 d, the average wind speed is 2.4 m∙s-1, the highest wind speed is 

22 m∙s-1 (Li et al., 2019). The annual average maximum, minimum and average 

temperatures are 11.5, 42.2, and 30.9 °C, respectively (Tan et al., 2017). The brackish 

water used for irrigation in the test station is groundwater with an average salinity of 

5.49 g∙L-1 and a pH of 7.84. 

Magnetizer and magnetized water device 

Three external CHQ permanent magnet magnetizers (Shanghai Juncai Magnetic 

Materials Co., LTD., China) with magnetic field strength of 100 mT, 300 mT, and 500 mT 

were used in the test, and they were made of sintered Rufe-B. The effective magnetic 

field area was 8 cm×10 cm and the magnetic field intensities are calibrated with the 

5180-Gaussian Meter (F.W. BELL Co., USA). The magnetized water device is composed 

of a water box, peristaltic pump, magnetizer, water pipeline, and valves. The water 

pipeline is a PVC pipe with a 2.5 cm diameter (cross-sectional area of 4.91 cm2), and the 

length of the pipeline passing through the magnetic field (effective magnetic distance) is 

10 cm. As shown in Fig. 1, 100 L of irrigation water was placed in the water box, and a 

pipeline was opened one at a time through a valve control. The peristaltic pump was used 

to circulate the water in a closed pipeline. A section of the circulating pipeline was placed 

between the two poles of the magnetizer, and the magnetic induction line was cut 

perpendicular to the magnetic field. The flow rate was adjusted to 0.5 m∙s-1 by the 

peristaltic pump, and the flow was cyclically magnetized by the magnetic field. The 

magnetization time was 30 min. 

 

Figure 1. Schematic diagram of magnetized brackish water device 
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Experimental design and process 

The above magnetized water device was used to magnetize brackish water with 

different magnetic field intensities. Unmagnetized brackish water was used as a control, 

and a total of 4 treatments were formed: unmagnetized brackish water (BM0), 100 mT 

magnetized brackish water (BM1), 300 mT magnetized brackish water (BM3) and 

500 mT magnetized brackish water (FM5). A series of experiments including cotton seed 

germination and potted experiments in a cotton field were carried out with the four kinds 

of treated water to analyze the influence of magnetized brackish water with different 

magnetic field intensities on cotton seed germination and seedling growth, in 2018. 

Experiment 1–seed germination test 

Seed germination tests were performed as described in a previous study with three 

repetitions (Fu et al., 2010). 50 cotton seeds of the same size and full grain were selected 

and arranged evenly in a petri dish with tweezers. The petri dish was then marked and 

covered with a layer of filter paper. 20 mL of treated water was added to the 

corresponding culture dish and the seeds were covered with a layer of fine paper. After 

the seeds had reached the constant weight, the excess water was drained, and then the 

seeds were placed in the culture dish in the incubator at 28 ± 1 °C, with a light intensity 

of 800 Lx. The number of germinations was recorded every day, and the corresponding 

treatment water was added in time to maintain the moisture content of the filter paper. 

The radicle length of cotton seeds was measured on the eighth day. The germination 

condition was evaluated by calculating germination potential (GP), germination rate 

(GR), germination index (GI), and vigor index (VI). The Calculation methods for each 

index are as Eq.1-Eq.4 (Mosse et al., 2013). 
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where, N4 and N8 are the number of seeds germinated in 4 days and 8 days, respectively. 

NT is the total number of seeds, Gt is the number of seeds germinated at day t (Dt), and L 

is the average radicle length of seed on the eighth day. 

Experiment 2–potted experiments in a cotton field 

To simulate the growth environment of field cotton, all the potted plants were buried 

in the cotton field, randomly divided, and repeated three times. Saline alkali soil from 

0-20 cm depth from the surface of the cotton field was used in the experiment. According 
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to the soil texture classification of the U.S. Department of Agriculture, the soil was sandy 

loam (64.27% sand, 32.83% silt, 2.9% clay), and soil bulk density was 1.63 g∙cm-3, 

saturated water content was 0.395 cm3∙cm-3, the wilting coefficient was 0.050 cm3∙cm-3, 

field capacity was 0.196 cm3∙cm-3, and soil extract conductivity (ECe) was 5.47 ds∙m-1. 

The inner diameter and height of the plastic basin used in the test were 30 cm and 20 cm 

respectively, and 8 air holes with a diameter of 10 mm were set at the bottom of the basin. 

After the fertilizer and soil were mixed evenly, each barrel was uniformly loaded with 

20 kg of soil sample. The fertilizer added per barrel was as follows: carbamide (N 45.4%) 

6.8 g, compound fertilizer (N 12%, P 18%, K 15%) 6.4 g, organic fertilizer (organic 

matter > 35%) 24 g. The amount of water applied before sowing was calculated according 

to the amount of spring irrigation in the field (100 mm). After sowing, the cotton at the 

seedling stage was no longer irrigated as in the field. Each pot was seeded with 20 cotton 

seeds, with a sowing depth of 2-3 cm. As in the field, the soil surface was covered with 

plastic film mulch after sowing. 

Fourteen days after sowing, the rate of emergence was measured and only 4 cotton 

plants were kept in each pot, with the remaining seedlings being removed. The length of 

cotton seedlings was then measured, the dust on the surface was removed, and the 

brackish weight of the seedling was measured after washing and drying. Then, the 

seedlings were placed in an oven at 105 ℃ for 1 h and dried at 75 ℃, and the dry weight 

of the seedling was measured after they had cooled down. Plant height, stem diameter at 

cotyledon node, number of leaves per plant, and area of single leaf of potted cotton were 

measured. The stem diameter was measured with an electronic Vernier caliper with an 

accuracy of 0.01 mm. The number of leaves was counted manually. Plant height, leaf 

width, and vein length were measured with measuring tape with an accuracy of 1 mm. 

The area of a single leaf was calculated with the formula length ×width ×0.84 (Tan et al., 

2017). The growth indexes of potted cotton seedlings were measured every 10 days after 

final singling. Thirty days after final singling, the net photosynthetic rate (Pn), stomatal 

conductance (Gs), intercellular CO2 concentration (Ci), and transpiration rate (Tr) of the 

main functional leaves (from the top to the bottom of the fourth leaf) of cotton seedlings 

were measured using LC Pro SD full-automatic portable photosynthetic instrument (UK 

ADC) equipped with an LED artificial light source. Then, the stomatal limit Ls=1-Ci/Ca 

(Ca is atmospheric CO2 concentration) and instantaneous water use efficiency 

iWUE=Pn/Tr were calculated (Liu et al., 2017). When determining the photosynthesis 

parameters of cotton seedlings, according to the meteorological environment conditions 

during 10:00-12:00 am in the cotton field, the light intensity was set as 1100 μmol∙m-2∙s-1, 

the concentration of CO2 was 360 μmol∙mol-1, and the temperature was 30 ℃. Forty days 

after final singling, the cotton seedlings were removed slowly. The cotton branches were 

then cut with fruit scissors, the dust was removed from the surface, the cotton branches 

were washed and dried, and the dry weight of each part was weighed. 

Data processing and analysis 

The data were recorded in Excel 2016 and analyzed using SPSS 22.0 software (IBM 

Corp. USA). The least significant difference (LSD) method (P < 0.05) was used for 

comparison of multiple values. 
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Results and Discussion 

Analysis of germination characteristics of cotton seeds 

Seed germination refers to the process of resuming material synthesis and metabolism 

after the vigorous seed swells, prompting the radicle to expose the seed coat (Hadi et al., 

2018; Yue et al., 2019). Seed germination is extremely susceptible to external 

environmental factors such as light, temperature, moisture, and salinity (Castillo et al., 

2017; Luo et al., 2019), and magnetized water treatment also has an important impact on 

seed germination (Sappington and Rifai, 2018). Germination characteristics of cotton 

cultivated with different magnetized brackish water were analyzed by comparing 

Germination potential (GP), germination rate (GR), germination index (GI), and vigor 

index (VI) (Table 1). Compared with unmagnetized brackish water, the GP, GR, GI, and 

VI of magnetized brackish water were significantly increased (P < 0.05), with the ranges 

of 39.4-60.6%, 23.5-49.0%, 30.0-58.5%, and 129.1-246.3%, respectively, and the VI was 

the most sensitive to magnetized brackish water treatment. The results were consistent 

with the research results of Massah et al. (2019), who applied magnetized brackish water 

to promote the germination of wheat seeds. The increase range of germination potential 

was greater than that of germination rate, while the increase range of vigor index was 

greater than that of germination index, indicating that brackish water magnetization could 

significantly improve the seed vigor of cotton and enhance the germination potential of 

cotton. This may be due to magnetized brackish water has a function similar to plant 

growth hormone, which can stimulate the activity of the seed enzyme system or accelerate 

the synthesis of related enzymes, enhance the enzymatic reactions in seeds, and thus 

improve the seed activity (Boe and Salunkhe, 1963). Compared with the germination 

indexes of cotton seeds cultivated by brackish water with different magnetized intensities, 

it could be found that the germination indexes of cotton seeds cultivated by BM3 

improved the most, the VI of cotton seeds treated with BM5 was significantly higher than 

that of BM1, while the GP, GR, GI had no significant difference (P > 0.05). 

 
Table 1. Germination indexes of cotton seeds under different strength of magnetized brackish 

water (n=3) 

Treatment 
Germination potential (GP) 

(%) 
Germination rate (GR) (%) 

Germination index 

(GI) 

Vigor index 

(VI) 

BM0 22.0±2.0c 34.0±2.0c 8.0±0.3c 7.0±1.4d 

BM1 30.7±2.3b 42.0±2.0b 10.5±0.4b 16.0±1.2c 

BM3 35.3±1.2a 50.7±4.2a 12.8±0.5a 24.2±1.7a 

BM5 32.0±2.0ab 45.3±1.2b 11.2±0.2b 19.0±0.8b 

Different letters within a column indicate significant differences among all treatments at P < 0.05 

 

 

Effect of magnetized brackish water irrigation on the emergence rate of cotton 

High seedling emergence rate and seedling uniformity are the guarantees for high and 

stable yield (Wang et al., 2016; Liang et al., 2018). The emergence of cotton seeds started 

3 days after sowing (Fig. 2). With the increase of emergence time, the emergence rate of 

cotton gradually increased and tended to be stable. The emergence rate of cotton under 

magnetized brackish water irrigation was faster and higher. The emergence rate and full 

seedling formation of cotton irrigated with BM0 was 58.9% and 9 d, respectively, while 

the emergence rates of cotton irrigated with BM1, BM3 and BM5 were 63.3%, 83.6%, 

and 70.0% respectively, and the full seedling formations were 9 d, 8 d, and 9 d, 
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respectively. Compared with BM0, the emergence rate of cotton irrigated with 

magnetized brackish water increased by 7.5-41.9%, and the full seedling formation of 

cotton irrigated with BM3 was advanced by 1 d. Similarly, Moussa (2011) applied 

magnetized brackish water irrigation to improve the emergence rate of snow peas and 

chickpeas. The effect of BM3 on cotton seedling emergence was the best, while the effect 

of BM5 on cotton seedling emergence was better than that of BM1. 

 

Figure 2. The effect of different strength of magnetized brackish water irrigation on the 

emergence rate of cotton (n=3). The error bars represent standard deviations 

 

 

The vitality of cotton seedlings was analyzed by seedling height, root length, fresh 

weight, dry weight, and seedling water content (Velmala et al., 2018). The cotton seeds 

were removed 14 days after sowing and seedling activity indexes were measured and 

analyzed (Table 2). Compared to unmagnetized brackish water, the activity of cotton 

seedling under magnetized brackish water irrigation was significantly increased 

(P < 0.05), and the seedling height, root length, fresh weight, dry weight, and water 

content increased by 41.6-55.2%, 29.5-54.5%, 55.1-76.4%, 23.1-35.8%, and 5.8-6.3%, 

respectively. Among them, seeding root length and seedling fresh weight increased 

significantly, while seedling water content increased less than 8%, indicating that 

magnetized brackish water mainly improves seedling vitality and ensures the seedling 

healthy by promoting seeding root growth and increasing seedling fresh weight 

(Surendran et al., 2016). The effects of magnetized brackish water irrigation with 

different magnetic field strengths on the activity of cotton seedlings were significantly 

different (P < 0.05). FM3 had the best promoting effect on seedling vigor, while the 

seedling water content had no significant difference (P > 0.05). The seeding height, fresh 

weight, and dry weight of cotton irrigated with FM5 were 1.7-5.6% higher than those 

with FM1, but the difference was not significant. 

 
Table 2. Characteristics of seedling activity of cotton under magnetized and unmagnetized 

brackish water (n=3) 

Treatment 
Seedling height 

(cm) 

Seedling root 

length (cm) 
Fresh weight (g) Dry weight (g) 

Seedling water 

content (%) 

BM0 4.2±0.1c 2.9±0.2c 2.64±0.07c 0.58±0.02c 78.13±0.09c 

BM1 5.9±0.3b 4.0±0.3b 4.09±0.12b 0.71±0.01b 82.63±0.59a 

BM3 6.5±0.1a 4.5±0.4a 4.65±0.42a 0.78±0.03a 83.03±2.09a 

BM5 6.0±0.2b 3.8±0.1b 4.32±0.27ab 0.73±0.01b 82.97±1.3a 

Different letters within a column indicate significant differences among all treatments at P < 0.05 
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Effect of magnetized brackish water irrigation on growth characteristics of cotton 

Crops adapt to environmental stress by changing their growth rate and morphology 

(Ramírez-Pérez et al., 2018; Dziedzic et al., 2019). The growth indexes of cotton all 

increased with the increase of growth time, and there was a small difference between the 

growth indexes of cotton irrigated with magnetized and unmagnetized brackish water 

10 d after final singling. With the increase of growth time, the difference between the 

growth indexes of cotton irrigated with magnetized and unmagnetized brackish water 

gradually increased (Fig. 3). In the same growth period, the plant height, stem diameter, 

leaf number, and single leaf area of magnetized brackish water irrigation were larger than 

those of unmagnetized brackish water. After 10-40 d of final singling, the average growth 

rate of BM0 irrigated cotton plant height was 0.31 cm∙d-1, and the peak growth rate of 

plant height was 30-40 d after final singling. While the average growth rates of cotton 

plant height under BM1, BM3 and BM5 were 0.44, 0.60, and 0.53 cm∙d-1, respectively, 

and all the peaks of plant height growth rate were 30-40 d after final singling. Compared 

to FM0, the plant height of cotton irrigated with BM1, BM3, and BM5 increased by 

52.0%, 100.7%, and 79.1%, respectively, 40 d after final singling (Fig. 3A), which was 

consistent with the research results of (Yusuf and Ogunlela, 2015). After 10-40 d of final 

singling, the average growth rate of BM0 irrigated cotton stem diameter was 0.07 mm∙d-1, 

and the peaks growth rate of stem diameter were 10-20 d after final singling. While the 

average growth rates of cotton stem diameter under BM1, BM3, and BM5 were 0.11, 

0.14, and 0.12 mm∙d-1, respectively, and all the peaks of stem diameter growth rate were 

30-40 d after final singling. Compared to BM0, the stem diameter of cotton irrigated with 

BM1, BM3, and BM5 increased by 57.9%, 108.1% and 76.6%, respectively, 40 d after 

final singling (Fig. 3B). Compared to BM0, the number of cotton leaves irrigated with 

BM1, BM3 and BM5 increased by 55.6%, 100.0%, and 77.8% (Fig. 3C), respectively, 

while the single leaf area increased by 38.0%, 83.2%, and 59.4% (Fig. 3D), respectively, 

40 d after final singling. Compared with different intensities of magnetized brackish 

water, BM3 had the greatest promoting effect on cotton growth, while BM5 had a better 

promoting effect on cotton growth than BM1. 

 

Figure 3. Effect of magnetized and unmagnetized brackish water irrigation on cotton 

morphological indexes. 10d, 20d, 30d and 40d represent 10d, 20d, 30dand 40d after final 

singling, respectively. BM0 represents unmagnetized brackish water, while BM1, BM3 and BM5 

represent brackish water treated with magnetic field intensities of 100mT, 300mT and 500mT, 

respectively (n=3). The error bars represent standard deviations. Different letters within a 

column indicate significant differences among all treatments at P < 0.05 
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Effect of magnetized brackish water irrigation on photosynthetic characteristic 

parameters of cotton 

Photosynthesis is a key process that promotes the growth and development of crops 

(Kulmala et al., 2019), and magnetized brackish water irrigation plays a role in crop 

growth by affecting the photosynthesis process (Liu et al., 2020). The characteristic 

photosynthetic parameters of magnetized and unmagnetized brackish water irrigated 

cotton are shown in Fig. 4. The net photosynthetic rate (Pn) of cotton irrigated with BM0 

was 12.60 μmol∙m-2∙s-1, and the Pn of cotton irrigated with BM3 and BM5 increased by 

45.2% and 26.4%, respectively, while there was no significant difference between BM1 

and BM0 (Fig. 4A). The transpiration rate (Tr) of cotton irrigated with BM0 was 

4.86 mmol∙m-2∙s-1, and the Tr of cotton irrigated with BM1 was 2.9% bigger than that of 

BM0, while the Tr of cotton irrigated with BM3 and BM5 was increased by 2.1-14.1%, 

but all the difference was not significant (Fig. 4B). The stomatal conductance (Gs) of 

cotton irrigated with BM0 was 0.180 mmol∙m-2∙s-1, and the Gs of cotton irrigated with 

BM3 and BM5 increased by 46.7% and 42.2%, respectively, while there was no 

significant difference between BM1 and BM0 (Fig. 4C). The intercellular CO2 

concentration (Ci) of cotton irrigated with BM0 was 126.8 μmol∙mol-1, and the Ci of 

cotton irrigated with BM1, BM3 and BM5 increased by 22.4%, 54.9%, and 41.0%, 

respectively (Fig. 4D). Compared with BM0, the instantaneous water use efficiency 

(iWUE) of cotton irrigated with BM3 and BM5 increased by 25.1% and 23.8% (Fig. 4E), 

while the stomatal limit (Ls) decreased by 25.0% and 21.9% (Fig. 4F). The Ls of cotton 

irrigated with BM1 decreased by 18.8%, while iWUE did not change significantly. This 

indicated that magnetized water treatment could effectively improve the stomatal 

conductance of cotton seedlings, reduce stomatal limitation and improve the supply of 

CO2, thus improving the photosynthetic carbon assimilation capacity and enhancing the 

utilization efficiency of light energy and water. This is consistent with the research results 

of Hasan et al. (2017) and Qiu et al. (2011). Comparing the effects of magnetized brackish 

water with different intensities on the photosynthetic characteristic parameters of cotton, 

it could be found that the Ls of cotton irrigated with BM3 was the lowest, while the Pn 

and iWUE were the largest, and BM5 was better than BM1. In this study, magnetized 

water irrigation maintained relatively high Pn, Gs, Ci, Tr, iWUE, and chlorophyll SPAD 

values and low Ls values (Fig. 4A-F). Some studies have shown that magnetization 

treatment can improve the activity of related enzymes in the plant and increase the 

metabolism rate of crops (ul Haq et al., 2016). Free water increased in magnetized crop 

cells, the photochemical activity of chlorophyll increased, the rate of 

photophosphorylation accelerated, and the net photosynthetic rate increased (Huuskonen 

et al., 1998). 

The relationship between photosynthetic parameters of cotton irrigated with 

magnetized brackish water was fitted and analyzed (Fig. 5). There was a positive linear 

relationship between net photosynthetic rate and stomatal conductance (Fig. 5A, 

R2 = 0.496), indicating that the increase of photosynthesis under magnetized brackish 

water irrigation was caused by the increase of stomatal conductance of leaves (Liu et al., 

2009). There was also a positive linear correlation between the transpiration rate and 

stomatal conductance (Fig. 5B, R2 = 0.544). The reason was that magnetization promoted 

the stomatal opening of cotton leaves, and high stomata led to high transpiration (Yang 

et al., 2013). The slope of net photosynthetic rate and stomatal conductance (35.11) was 

greater than that of transpiration rate and stomatal conductance (11.49), which was due 

to the increase of stomatal conductance, and the rise of transpiration rate was lagging 
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behind that of stomatal conductance. Therefore, the slope of the net photosynthetic rate 

and stomatal conductance was greater than that of transpiration rate and stomatal 

conductance. The net photosynthetic rate of cotton irrigated with magnetized brackish 

water was negatively correlated with stomatal limitation value (Fig. 5C, R2 = 0.429), 

which indicated that stomatal limitation was the dominant type of photosynthesis 

restriction. The results showed that the amount of carbon dioxide entering the leaves 

provided sufficient raw materials for photosynthetic reaction. Instantaneous water use 

efficiency was negatively correlated with the stomatal limitation value (Fig. 5D, 

R2 = 0.151), and the correlation coefficients were low. Magnetized brackish water 

irrigation could improve the water use efficiency of cotton by reducing stomatal limitation 

and enhancing photosynthesis use efficiency (Zlotopolski, 2017). 

 

Figure 4. Characteristic photosynthetic parameters of cotton irrigated with magnetized and 

unmagnetized brackish water. FM0 represents unmagnetized brackish water, while BM1, BM3 

and BM5 represent brackish water treated with magnetic field intensities of 100mT, 300mT and 

500mT, respectively. Pn, Gs, Ci, Tr, iWUE and Ls represent the net photosynthetic rate, stomatal 

conductance, intercellular CO2 concentration, transpiration rate, instantaneous water use 

efficiency and stomatal limit, respectively (n=3). The error bars represent standard deviations. 

Different letters within a column indicate significant differences among all treatments at 

P < 0.05 

 

 

Effect of magnetized brackish water irrigation on cotton biomass and its distribution 

Biomass is the basis of crop yield (Richards et al., 2019), and magnetized brackish 

water affects the final yield of crops through the dry matter accumulation process of 

magnetized water (Ghanati et al., 2015). According to the cotton biomass analysis, there 

was a significant difference between magnetized and unmagnetized brackish water 

treated cotton, but there was no significant difference between different magnetization 

intensities (Table 3). Compared with unmagnetized brackish water, magnetized brackish 

water irrigated stem, leaf, root dry weight and total dry matter increased by 2.7-18.4%, 

1.9-20.0%, 52.2-69.3%, and 5.5-20.7%, respectively, among which the root dry weight 

increased the most. In terms of stem weight ratio, BM5 reduced by 7.9% compared with 
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BM0, while BM1 and BM3 had no significant difference from BM0. For leaf weight ratio, 

there was no significantly difference between magnetized and unmagnetized brackish 

water. For root shoot ratio, BM1, BM3 and BM5 increased by 22.4%, 54.9%, and 41.0%, 

respectively, compared to BM0, while the difference between different magnetic field 

strengths was not significant. The root system is an important organ that is in direct 

contact with the soil and is responsible for absorbing soil water and nutrients. The health 

of the root system directly affects crop growth and yield (Hefner et al., 2019). Seedling 

root weight of cotton irrigated with magnetized water was significantly higher than that 

of unmagnetized water, which indicated that magnetization could promote root growth 

and development in cotton seedlings, improve the selective absorption capacity for 

nutrient ions, and avoid excessive absorption of Na+ in cells and the resulting damage, 

thus reducing the inhibitory effect of salt stress on the growth of cotton seedlings (Liu et 

al., 2019b). Magnetized brackish water can increase the frequency of mitosis of plant 

cells, increase RNA content in root tip growth area, accelerate root tissue differentiation, 

promote cell volume increase in the root elongation area, promote radicle elongation, and 

enhance absorption of nutrients by roots (Boe and Salunkhe, 1963). Therefore, 

magnetized brackish water can enhance the absorption of water and nutrients by 

increasing the dry matter ratio of roots, thus promoting the accumulation of total biomass 

of cotton as a whole (Liu et al., 2017). 

 

Figure 5. Linear regression between indicators related photosynthesis. Pn, Gs, Tr, iWUE and Ls 

represent the net photosynthetic rate, stomatal conductance, transpiration rate, instantaneous 

water use efficiency and stomatal limit, respectively (n=3). The error bars represent standard 

deviations. Different letters within a column indicate significant differences among all 

treatments at P < 0.05 

 

 
Table 3. Biomass and its distribution of cotton irrigated with magnetized and unmagnetized 

brackish water (n=3) 

Treatment Stem (g) Leaf (g) Root (g) 
Total dry 

weight (g) 

Stem weight 

ratio (%) 

Leaf weight 

ratio (%) 

Root shoot 

ratio (%) 

BM0 5.01±0.07b 9.87±0.19b 1.05±0.09b 15.94±0.22b 31.47±0.85a 61.93±0.35a 7.07±0.58b 

BM1 5.15±0.43b 10.05±1.13b 1.60±0.18a 16.81±1.22b 30.73±3.25a 59.74±3.39a 10.53±0.56a 

BM3 5.93±0.17a 11.62±0.22ab 1.68±0.13a 19.24±0.25a 30.84±0.51a 60.41±0.36a 9.60±0.92a 

BM5 5.56±0.48ab 11.85±1.27a 1.78±0.12a 19.19±1.68a 28.97±0.62b 61.67±1.19a 10.34±1.54a 

Different letters within a column indicate significant differences among all treatments at P < 0.05 
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Conclusions 

The germination potential, germination rate, germination index, and vigor index of 

magnetized brackish water cotton were all significantly increased, and the increase range 

of germination potential was greater than that of germination rate, while that of vigor 

index was greater than that of germination index. The emergence rate of cotton irrigated 

with magnetized brackish water was 7.5-41.9%, and full seedling formation of cotton 

irrigated with 300 mT magnetized brackish water was advanced by 1 d. Under magnetized 

brackish water irrigation, the seedling vigor indexes such as seedling length, seedling root 

length, seedling brackish weight, seedling dry weight, and seedling water content were 

significantly increased (P < 0.05). The increase range of seedling root length and seedling 

brackish weight was larger, while the increase range of seedling water content was slight. 

Magnetized brackish water with different intensities could improve cotton photosynthesis 

and water use efficiency, promote cotton morphological development, and increase cotton 

biomass. Under the magnetic field strength of 300 mT, the magnetized brackish water 

irrigation is most beneficial to the growth of cotton seedlings. In agricultural irrigation, 

300 mT magnetic field strength should be used to magnetize brackish water to improve 

the effectiveness of brackish water resources. The results can provide guidance for the 

efficient utilization of magnetized brackish water in arid and semiarid areas. However, 

this study only focused on the magnetization of brackish water quality and its effect on 

the growth of early cotton seedlings, while the effects of magnetized water with different 

water quality on the physiological growth characteristics, yield, and quality of cotton at 

the later growth stage need to be further studied. 
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