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Abstract. Soil salinity and poor soil structure are the main limitations of the agricultural economy in arid 

areas. The objectives of this study were to investigate the effects of different potassium humate amounts on 

cotton growth, seed cotton yield, water use efficiency and soil salinity under film-mulched drip irrigation 

with brackish water. The results showed potassium humate affected salt accumulation and the salt 

accumulation rate of potassium humate treatments (2.5, 5, 10, 15, 20, and 30 kg∙ha-1) within 0-40 cm soil 

depths was 63.0%, 67.9%, 68.9%, 70.5%, 75.4%, and 100% lower than the untreated soils. Potassium 

humate application significantly enhanced the proportion of soil macro-aggregates and the mean weight 

diameter of water-stable aggregates. Potassium humate significantly increased cotton stem diameter, boll 

number per plant, plant height, and leaf area index compared to the control. Furthermore, the cotton yield 

and water use efficiency increased significantly. The potassium humate application amount of 20.5 kg ha-1 

was recommended as an optimal potassium humate amount of saline soils from the point of view of water 

saving. The potassium humate application amount of 30 kg∙ha-1 was recommended as an optimal potassium 

humate amount of saline soils from the point of view of improving soil quality. 

Keywords: salt leaching efficiency, soil aggregates, mean weight diameter, water use efficiency, growth 

degree-days 

Introduction 

Cotton is the most important renewable natural textile fiber worldwide and the 

world’s sixth-largest source of vegetable oil (Shareef et al., 2018; Zhao et al., 2020). 

Therefore, optimizing crop productivity is important for sustainable food, feed, fuel, and 

fiber supplies for the growing human population (Watts et al., 2017). With economic 

development and population growth, the demand for fresh water resources is gradually 

increasing (Du et al., 2020). 

Water for irrigation is a major limitation to agricultural production in the Xinjiang 

region. The Xin Jiang region in Northwest China is one of the most important cotton 

producers. The cotton plantation area in Xinjiang is 1.8 × 106 ha, accounting for 54% of 

China’s total cotton planting area (Kuang et al., 2018). It produced 451 × 104 t of cotton 

(Gossypium hirsutum L.) in 2014, accounting for 73% of China’s total cotton production 

(Tian et al., 2017). Meanwhile, surface water evaporation caused by high temperatures 

results in a severe water shortage in southern Xinjiang leading to soil salinization, a 

lowered survival rate for crops, and slow development of local agriculture (Fang et al., 

2019). Brackish water can bridge the water supply gap. However, increased use of 

brackish water for irrigation exacerbates the soil salinization problems, and reduce crop 

yield (Mahmoodi-Eshkaftaki and Rafiee, 2020; Sekhon et al., 2020). 
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Moreover, soil salinity is one of the most widespread soil degradation processes 

worldwide and China has the third-largest area of saline-alkali soil (Nan et al., 2020). 

The global area of saline-alkali soils is approximately 900 million ha (Rath et al., 2019). 

In China, approximately 3.67 million ha of soil, which represents 4.88% of the total 

available land across the country, is threatened by salt (Li et al., 2014). The 

accumulation of salt can directly decrease soil nutrient efficiency by inhibiting 

microbial mineralization activity in saline soil (Rath and Rousk, 2015). Additionally, 

salinity can also indirectly affect soil nutrient cycling and efficiency by destroying soil 

physical structure (Lakhdar et al., 2009; Zhang et al., 2015). High salinity, soil structure 

degradation, and nutrient deficiencies are the three characteristics of saline-alkali soil 

that inhibit plant growth and decrease crop yields (Zheng et al., 2018). Thus, the 

improvement of saline-alkali soil has attracted widespread attention. 

Potassium widely exists in peat, lignite and weathered coal, an organic 

macromolecule with good biological activity. Potassium humate has been reported as a 

practical and economical option to improve degraded land resources. Furthermore, 

potassium humate is a common organic fertilizer that can improve soil structure and 

influence soil microbial activity, thus improving salt-affected soil fertility (Ouni et al., 

2014). Khaled et al. (2011) studied the effects of the application of humic acid gradient 

on soil nutrient content, soil properties and maize growth in saline-alkali land, and 

found that application of 2 g∙kg-1 soil humic acid reduced maize’s absorption of 

nitrogen and increased the dry matter weight of maize under salt stress. Ahmed et al. 

(2020) informed that the application of potassium humate could reduce nitrogen loss in 

soil. Izhar et al. (2020) found that the application of humic acid can improve crop yield 

and phosphorus uptake in calcareous soils. Saidimoradi et al. (2019) explored that 

inclusion of humic acid in the nutrient solution of hydroponically grown strawberry 

improved plant responses to salinity. Nonetheless, further study is still needed to 

understand better the effects of potassium humate on cotton in arid-saline soil under 

conjunctive brackish water irrigation. The present study was conducted to exploit the 

potential of potassium humate as a treatment for low quality soil and water resources 

used in cotton production in the Xinjiang region of Northwest China. The primary 

objectives are to investigate: (1) cotton plant height, leaf area index, aboveground 

biomass, and yield; (2) soil salinity; (3) the optimal application amount of potassium 

humate. 

Materials and methods 

Site description 

Field studies were conducted during 2019 at the Bazhou Irrigation Experiment 

Station (N41°45’20.24”, E86° 8’51.16”, 901 m) in Korla City, Xinjiang Province, 

Northwest China. Korla is warm temperate zone with an arid continental arid climate. 

It has a 226 d frost-free period with 3036 h sunshine hours. The average annual 

potential evaporation is 2278.2 mm. During the cotton growing season, the long-term 

average annual temperature and precipitation are 22.5 °C and 70 mm. Characteristics 

of the daily weather conditions, including daily precipitation and average air 

temperature, are shown in (Fig. 1). The weather data were obtained from the field 

using an automatic meteorological station. The average temperature in the cotton 

growth period (April-September) was 24.2 °C, and the total precipitation in this period 

was 64.4 mm. 
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The soil was classified as sandy loam with an average particle size distribution of 

approximately 41.4% sand, 54.4% silt and 4.2% clay (USDA, 2020), with an average 

soil bulk density of 1.54 g∙cm-3, a pH of 8.75, 76.8 mg∙kg-1 of total organic matter, 

3.92 mg∙kg-1 of total nitrogen, 31.1 mg∙kg-1 of available phosphorus of and 72.0 mg kg-1 

of available potassium. The groundwater depth is over 7 m. The electronic conductivity 

(EC) of groundwater is 2.73-2.95 ms∙cm-1. The total dissolved solids of groundwater is 

2.2 g∙L-1. A comprehensive list of the and the chemical properties of groundwater is 

given in Table 1. 

 
Table 1. The chemical properties of groundwater during the cotton growing season 

Properties pH 
HCO3－ 

(g∙L-1) 

Cl－ 

(g∙L-1) 

SO4
2－ 

(g∙L-1) 

Ca2＋ 

(g∙L-1) 

Mg2＋ 

(g∙L-1) 

K＋ 

(g∙L-1) 

Na+ 

(g∙L-1) 

Value 7.38 0.401 0.335 1.110 0.227 0.149 0.029 0.369 
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Figure 1. Daily air temperature and precipitation during the cotton growing seasons 

 

 

Experimental treatments and design 

A drip irrigation system under film mulch was selected as the method of cultivation. 

The experiments consisted of seven application levels (0, 2.5, 5, 10, 15, 20, and 30 

kg∙ha-1) of potassium humate. The CK, HA1, HA2, HA3, HA4, HA5 and HA6 

treatments represented 0, 2.5, 5, 10, 15, 20, and 30 kg∙ha-1 of potassium humate, 

respectively. The water-soluble potassium humate was uniformly sprayed on the soil 

surface of each plot, and then plowed from the surface to 30 cm using a rotary 

cultivator. Therefore, the depth of the soil layer mixed with biochar was 0-30 cm. The 

treatments were replicated three times in a randomized block design. The irrigation 

schedule for cotton in Xinjiang is shown in Table 2. 

A 16 mm diameter inlaid, thin-walled, labyrinth drip line was used for irrigation. The 

average discharge of the emitters was 30 cm, while the cotton plants along each row 

were spaced 10 cm apart. Water meters and ball valves were installed to control the 

amount of water applied to each plot. Each field plot was 5.6 m wide and 10 m long. 

Urea and potassium dihydrogen phosphate were used as fertilizer, which were 

applied to the fields at 14 different times. Except for the early cotton growth, each 

fertilizer application occurred by drip irrigation during the middle of each irrigation 

stage. Differential pressure tanks with 25 L capacity were used for fertilizers. The solid 

fertilizers were dissolved in the water one day before irrigation. 
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Table 2. Irrigation scheduling for cotton in Xinjiang 

Irrigation time Irrigation date 
Cotton growing 

stage 
BBCH scale 

Irrigation amount 

(mm) 

1 18-June 

Seedling and 

squaring stage 
1-59 

30 

2 23-June 30 

3 29-June 30 

4 4-July 30 

5 11-July 30 

6 16-July 

Flowering stage 60-69 

30 

7 21-July 30 

8 26-July 30 

9 1-Aug 

Bolls and boll-

opening stage 
71-88 

30 

10 6-Aug 37.5 

11 11-Aug 37.5 

12 16-Aug 37.5 

13 21-Aug 37.5 

14 26-Aug 37.5 

15 31-Aug 30 

Total    487.5 

 

 

Cotton was planted following the cultivation mode of plastic film mulching with 

short rod dense planting (Fig. 2). The system was installed with a row configuration of 

20 cm + 40 cm + 20 cm (narrow-wide-narrow). Two driplines were installed for four 

rows under a 1 m-wide film. The distance between the two films was 60 cm. 

 

40cm20cm 20cm

Wide rowNarrow row Narrow row

Drip tapeDrip tape

Film mulchCotton Cotton 

30cm 30cm

No mulch No mulch

 

Figure 2. The relative positions of row spacing, dripline, and plastic film 

 

 

Measurements and calculations 

Leaf area and leaf area index 

At the seedling stage, bud stage, flowering phase, fluid phase and boll-opening stage, 

four plants were randomly selected from each plot, and the length and width of each 

leaf on the plants were measured using a tape measure to obtain the leaf area (Kumar et 

al., 2020). 

The green leaf area plant of the plant was calculated using the following equation: 



Wei et al: Effect of potassium humate on cotton (Gossypium hirsutum L) growth and yield and soil salinity under film-mulched drip 

irrigation with brackish water in Northwest China 
- 3883 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3879-3895. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1905_38793895 

© 2021, ALÖKI Kft., Budapest, Hungary 

 7030.= i

n

i

i baLA  (Eq.1) 

 

where LA represents the leaf area for the single cotton plant (cm2), ai (cm) and bi (cm) 

were length and width of one green leaf, n is the number leaf per plant and 0.703 is the 

correction factor for the cotton crop (Tan, 2018). 

The leaf area index (LAI) was then calculated as follow (Wang et al., 2018; Watson, 

1937): 

 

 OSLAILA /=  (Eq.2) 

 

where LAT represents the total area of the leaf (cm2), and SO represents the occupied 

land area (cm2). 

 

Aboveground dry matter accumulation 

At the seedling stage, bud stage, flowering phase, fluid phase and boll-opening 

stage, four plant were randomly selected from each plot. The leaves, stem, and bolls 

were placed into an oven at 105 °C for 30 min and then dried at 75 °C to a constant 

weight. 

A logistic regression model was fitted to describe cotton aboveground biomass 

(Khan et al., 2017). 

 

 
)( GDDba

MAX

e

AM
AM

−+
=

1
 (Eq.3) 

 

where GDD (°C) is the growing degree-days after sowing, AM (g) is the aboveground 

biomass, AMmax (g) is the maximum aboveground biomass and a and b are the constants 

to be assessed. 

Growing degree-days (GDD), are frequently used to describe the timing of biological 

processes. The basic equation as follows (Mcmaster and Wilhelm, 1997): 

 

 ( )  BASEMINMAX TTTGDD −+= 2/  (Eq.4) 

 

where TMAX and TMIN are daily maximum and minimum air temperature, respectively, 

and TBASE is the base temperature of cotton (10 °C). 

Based on Equation 1, the following equations were calculated: 

 

 
b

a
GDD

)ln( 32
1

+−
=  (Eq.5) 

 

 
b

a
GDD

)ln( 32
1

-−
=  (Eq.6) 

 

 
4

maxAMb
=V  (Eq.7) 
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b

a
GDD =3  (Eq.8) 

 

where V (g∙°C) is the highest aboveground biomass rate, GDD3 (°C) is the growing 

degree days of largest aboveground biomass accumulation, which initiates at 

temperature GDD1 and terminates at GDD2. 

 

Crop evapotranspiration calculations 

During the growth of cotton, crop evapotranspiration (water consumption) could be 

calculated via the water balance equation as follows (Zhou et al., 2019): 

 

 FRWGIPETc −−+++= 0  (Eq.9) 

 

where ETc is crop evapotranspiration also called water consumption (mm); P is 

precipitation in the growing period (mm); I is irrigation (mm); G is groundwater 

recharge (mm); ∆W was calculated as change in soil water storage in the 0-100 cm soil 

layer from sowing to maturity (mm); R0 is surface runoff (mm); F is deep percolation 

(mm). The water table in the experimental-area was below 7 m. Rainfall was very 

scarce during the growing cotton period; hence the G, R0, and F could be negligible in 

this research, respectively. Therefore, the equation can be written as follows: 

 

 IPWETc ++=  (Eq.10) 

 

Soil salinity content and salt accumulation 

Soil samples were collected to measure soil salinity content at a 10 cm interval from 

0 to 40 cm and at a 20 cm interval from 40 to 100 cm with using an auger (5 cm 

diameter). All collected soil samples were air-dried, sieved through a 1 mm sieve, and 

then were used for preparing dilute soil extract solutions based on extract solutions 

based on extracts with a 1:5 soil–water ratio. Salt concentrations were inferred from the 

measured electrical conductivity (EC) values (Tan et al., 2018). 

 

 25451 .: = ECSC  (Eq.11) 

 

where SC is the soil salinity content (g∙kg-1) and the number 4.25 is a conversion factor 

used to convert EC1:5 extract to mass salt per unit mass of soil. 

The salt balance in an irrigated field zone over a time interval is related to the salt 

inputs and outputs (Ning et al., 2020). 

 

 DPCFGIR SSSSSSSSSS −−−+++=−= 12  (Eq.12) 

 

where ∆S (g) is the change of salt storage in the soil; S1 (g) is the salt content in the soil 

before sowing; S2 (g) is the salt content in the soil after harvesting; SR, SI, SG and SF are 

salt concentration during precipitation, irrigation, groundwater, and fertilizer; SC is the 

salt uptake by the crop; SP is the total removal of salts by absorption, precipitation and 

transformation; and SD is the salt carried away by underground drainage or seepage. The 
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groundwater level of the experimental field is 7 m and So SG, SP, SD equals cero. The SC 

and SP are also small and negligible. 

 

Soil aggregate stability 

Moreover, at harvesting stage, soil samples were collected from each experimental plot 

with an auger in 0-15 cm soil layer, and passed through a 2-mm sieve and soil samples 

were analyzed by wet sieving method (Nie et al., 2018). Water-stable aggregates were 

classified as the three different aggregate size fractions: 2-1 mm, 1-0.25 mm and < 0.25 

mm fractions. Each fraction was weighed to calculate the dry aggregate stability 

expressed by mean weight diameter (MWD). The MWD was calculated from the mass 

fraction of soil remaining on each sieve as (Sheehy et al., 2015): 

 

 i

n

i

i WAMDW =
=1

 (Eq.13) 

 

where Ai is the mean diameter of the three aggregate size classes; Wi is the mass 

proportion of aggregate size classes remaining on each sieve. 

 

Data analysis 

The value of each indicator was the mean of three replicates per treatment, and the 

SPSS statistics v.22 (IBM, Inc, Chicago, IL, USA) was used to perform analysis of 

variance. All pair-wise comparisons of the treatment means were performed using the 

least significant difference (LSD) test with significance determined at the 5% level. 

Results 

Soil salinity 

We defined the desalination rate as DR = ∆S / Si × 100%. In this study, the salt 

accumulation rate of CK, HA1, HA2, HA3, HA4 and HA5 treatments were 40.3%, 

14.9%, 12.9%, 12.5%, 11.9% and 9.9% for the 0-40 cm depth range, respectively. The 

desalination rate of HA6 treatment was 42.7% for 0-40 cm the depth range. At the 0-

100 cm depth range the deposition rate of CK, HA1, HA2, HA3, HA4, HA5 and HA6 

treatments were 56.4%, 14.2%, 39.4%, 58.2%, 14.6%, 12.1% and 9.8%, respectively 

(Table 3). 

 

Water-stable aggregates and mean weight diameter (MWD) 

The proportion of soil micro-aggregates (<0.25 mm) was significant lower in HA2, 

HA3, HA4, HA5 and HA6 treatments than that of the CK (P < 0.01). However, 

potassium humate treatments significantly increased the proportion of large soil macro-

aggregates (2-1 mm) and small soil macro-aggregates compared with the CK (1-

0.25 mm) (P < 0.01). This showed that application of potassium humate could enhance 

formation of soil macro-aggregates (0.25-2 mm). Moreover, the mean weight diameter 

of soil aggregates was significantly (P < 0.01) higher in potassium humate treatments 

than that of the CK, which indicated application of potassium humate increased the 

stability of soil aggregates. Hence, potassium humate application was effective in 

improving the quality of saline soil (Table 4). 
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Table 3. Salt accumulation and salt-leaching efficiency at 0-40 cm and 0-100 cm soil depth 

for different potassium humate application treatments 

Soil depth 

(cm) 
Treatments Si (g∙m-2) ∆S (g∙m-2) 

Accumulation 

rate (%) 

Desalination rate 

(%) 

0-40 

CK 425.8 ± 26.3f 287.6 ± 7.5b 40.3 ± 0.02a - 

HA1 2238.7 ± 39.3b 393.5 ± 13.8a 14.9 ± 0.01b - 

HA2 552.2 ± 20.6e 82.1 ± 57.1e 12.9 ± 0.08b - 

HA3 297.7 ± 44.9g 42.7 ± 32.0e 12.5 ± 0.1b - 

HA4 1715.7 ± 35.6c 232.1 ± 45.1c 11.9 ± 0.02b - 

HA5 1546.2 ± 37.3d 170.8 ± 17.1d 9.9 ± 0.01b - 

HA6 3643.9 ± 36.5a -1089.8 ± 10.8f - -42.7 ± 0.01d 

0-100 

CK 872.2 ± 77.5E 1129.9 ± 135.0A 56.4 ± 0.05A - 

HA1 6224.9 ± 277.6B 1033.0 ± 16.9A 14.2 ± 0.01CD - 

HA2 1557.1 ± 50.3D 1015.1 ± 35.5A 39.4 ± 0.01B - 

HA3 698.8 ± 53.2E 875.9 ± 77.2B 20.2 ± 0.03A - 

HA4 4440.9 ± 163.9C 763.1 ± 59.8B 14.6 ± 0.01C - 

HA5 4307.4 ± 253.2C 594.8 ± 110.4C 12.1 ± 0.02CD - 

HA6 7518.7 ± 245.7A 818.0 ± 77.4B 9.8 ± 0.01D - 

Data are mean of the three replicates. The different lowercase letters indicate significant differences 

between treatments of 0-40 cm depth at P < 0.05 level according to the LSD test; the same letters are 

not significantly different at P > 0.05 level according to the LSD test. The different capital letters 

indicate significant differences between treatments of 0-100 cm depth at P < 0.05 level according to the 

LSD test; the same letters are not significantly different at P > 0.05 level according to the LSD test 

 

 
Table 4. Effects of different potassium humate amounts on water-stable aggregates 

distribution and mean weight diameter (MWD) in 0-15 cm soil layer 

Treatments 2-1 mm (%) 1-0.25 mm (%) <0.25 mm (%) MWD (mm) 

CK 15.44 ± 1.36e 37.31 ± 0.97de 47.25 ± 0.41a 0.53 ± 0.02f 

HA1 16.22 ± 1.16e 36.53 ± 1.69e 47.25 ± 2.54a 0.53 ± 0.02f 

HA2 19.35 ± 0.75d 39.03 ± 0.92cde 41.62 ± 1.67b 0.59 ± 0.02e 

HA3 21.48 ± 1.34cd 40.23 ± 1.04bcd 38.29 ± 2.38b 0.62 ± 0.03d 

HA4 23.71 ± 0.61bc 42.21 ± 1.03bc 34.09 ± 0.76c 0.66 ± 0.01c 

HA5 26.20 ± 1.63ab 43.48 ± 2.93b 30.32 ± 3.13d 0.70 ± 0.03b 

HA6 27.43 ± 2.51a 47.30 ± 2.71a 25.26 ± 1.68e 0.74 ± 0.03a 

Source of variance     

Potassium humate ** ** ** ** 

Data are mean of the three replicates. The different letters indicate significant differences between 

treatments at P < 0.05 level according to the LSD test; the same letters are not significantly different at 

P > 0.05 level according to the LSD test. ** indicates significant differences between treatments at 

P < 0.01 

 

 

Plant stem diameter, plant height, leaf area index and aboveground biomass 

Stem diameter increased first and then stabilized with the increase of growing degree 

days. Stem diameter increased rapidly between 742 °C and 1096 °C. The stem diameter 

in each treatment was as follows: HA5 > HA4 > HA1 > HA2 > HA6 > HA3 > CK. The 
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maximum stem diameter was obtained in HA5 treatment. HA5 treatment significantly 

increased the stem diameter compared to CK (P < 0.05). HA5 treatment increased stem 

diameter by 9.3%, 10.5%, 6.4%, 8.2%, 1.3% and 10.7%, compared to CK, HA1, HA2, 

HA3, HA4 and HA6, respectively (Fig. 3a). Potassium humate treatments significantly 

affected plant height (P < 0.05). Plant height increased first and then stabilized with the 

increasing of growing degree days. The plant height in HA1, HA2, HA3, HA4, HA5 

and HA6 treatments increased 6.22%, 12.98%, 16.93%, 19.48%, 18.82% and 20.65%, 

respectively, compared to CK treatment (Fig. 3b). The maximum plant height was 

obtained in HA6 treatment. 

 

 

Figure 3. Effect of potassium humate application on stem diameter and plant height during the 

cotton growth period. Bars are the means + one standard error of the mean (n = 3) 

 

 

The leaf area index increased first and then decreased with the increase of growing 

degree days. Leaf area index in HA1, HA2, HA3, HA4, HA5 and HA6 treatments 

significantly increased 0.73%, 4.3%, 7.8%, 7.6%, 11.7% and 16.8%, respectively, 

compared to CK treatment (P < 0.05). The maximum leaf area index was obtained in the 

HA6 treatment (Fig. 4a). The aboveground biomass accumulation increased following a 

normal logistic function by growing degree days (Fig. 4b). The aboveground biomass in 

HA1, HA2, HA3, HA4, HA5 and HA6 significantly increased 5.96%, 10.13%, 19.73%, 

25.53%, 30.28% and 36.29%, respectively, compared to CK treatment (P < 0.05). The 

maximum aboveground biomass was obtained in HA6 treatment. 

 

Simulation of biomass accumulation 

Simulation of aboveground biomass with growing degree days (GDD) was assessed 

using Equation 3 and the result are shown in Tables 5 and 6. The logistic function was 

followed by aboveground biomass accumulation as a sigmoidal growth pattern, 

although they differed in equation coefficients among treatments. Calculation by 

Equations 4–6 showed the beginning and termination at fast accumulation growing 

degree-days for cotton aboveground biomass accumulation. HA6 began the fast 

accumulation growing degree days at 1002.0 °C and ended at 1677.5 °C, and maximum 

(0.09 g∙°C-1) rates at 1339.8 compared with other treatment (Table 6). 
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Figure 4. Effect of potassium humate application on leaf area index and aboveground biomass 

during the cotton growth period. Bars are the means + one standard error of the mean (n = 3) 

 

 
Table 5. Parameters (AMmax, a, b) of the logistic model of dry matter accumulation for each 

treatment 

Treatments AMmax/g a b 

CK 70.29 ± 2.26e 4.7448 ± 1.30b 0.0034 ± 0.0010b 

HA1 72.81 ± 1.45de 5.0743 ± 0.35a 0.0037 ± 0.0002ab 

HA2 75.84 ± 1.39d 4.7309 ± 0.18ab 0.0035 ± 0.0001ab 

HA3 81.54 ± 1.49c 5.3981 ± 0.20a 0.0039 ± 0.0002ab 

HA4 85.61 ± 1.20b 5.2951 ± 0.40a 0.0039 ± 0.0011ab 

HA5 87.86 ± 1.41b 5.4497 ± 0.22a 0.0041 ± 0.0002a 

HA6 92.06 ± 2.65a 5.2251 ± 0.19a 0.0039 ± 0.0002ab 

Data are mean of the three replicates. The different letters indicate significant differences between 

treatments at P < 0.05 level according to the LSD test; the same letters are not significantly different at 

P > 0.05 level according to the LSD test 

 

 
Table 6. Parameters (GDD1, GDD2, V, GDD) of the logistic model of dry matter 

accumulation for each treatment 

Treatments GDD1/°C GDD2/°C V/g∙°C-1 GDD/°C 

CK 1008.2 ± 176.7a 1782.9 ± 29.0a 0.060 ± 0.022b 1395.6 ± 30.3a 

HA1 1015.5 ± 48.9a 1727.4 ± 39.9a 0.067 ± 0.005ab 1371.4 ± 40.3a 

HA2 975.4 ± 19.3a 1728.0 ± 10.3a 0.066 ± 0.003ab 1351.7 ± 10.1a 

HA3 1046.4 ± 11.3a 1721.8 ± 17.1a 0.079 ± 0.004ab 1384.1 ± 6.5a 

HA4 1020.0 ± 65.2.8a 1695.4 ± 10.1a 0.083 ± 0.026ab 1357.7 ± 12.5a 

HA5 1008.0 ± 15.5a 1650.4 ± 10.0a 0.090 ± 0.004ab 1329.2 ± 4.3a 

HA6 1002.1 ± 11.1a 1677.5 ± 18.8a 0.090 ± 0.004a 1339.8 ± 8.5a 

Data are mean of the three replicates. The different letters indicate significant differences between 

treatments at P < 0.05 level according to the LSD test; the same letters are not significantly different at 

P > 0.05 level according to the LSD test 
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Boll weight, boll number, seed cotton yield and water use efficiency 

Boll weight of HA1, HA2, HA3, HA4, HA5 and HA6 increased 5.1%, 11.2%, 7.8%, 

11.2%, 16.7% and 12.8%, respectively, compared to CK treatment. The boll number per 

plant in the HA5 treatment was significantly higher than those in the other six 

treatments (P < 0.05) (Fig. 5a). Boll number of HA1, HA2, HA3, HA4, HA5 and HA6 

increased 8.6%, 9.4%, 16.7%, 15.2%, 24.5% and 15.9%, respectively, compared to CK 

treatment. Seed cotton yield in the HA5 treatment was significantly higher than those in 

the other six treatment (P < 0.05) (Fig. 5b). Seed cotton yield of HA1, HA2, HA3, HA4, 

HA5 and HA6 increased 13.3%, 19.7%, 23.4%, 24.8%, 37.2% and 26.8% (Fig. 5c), 

compared to CK treatment. Water use efficiency of HA1, HA2, HA3, HA4, HA5 and 

HA6 increased 14.8%, 15.5%, 14.0%, 15.5%, 23.4% and 16.9%, compared to CK 

treatment (Table 7). 

 

 

Figure 5. Effects of different amounts of potassium humate on the boll weight, boll number and 

seed cotton yield. Bars are the means + one standard error of the mean (n = 3). Different letters 

above the bars indicate a significant difference at P < 0.05 according to an LSD test 

 

 
Table 7. Water use efficiency and yield of cotton under different potassium humate 

treatments 

Potassium 

humate 

treatment 

P 

(mm) 
I (mm) ∆W (mm) ETc (mm) Y (kg∙ha-1) WUE (ka∙ha-1∙mm-1) 

CK 64.4 487.5 68.1 ± 6.3a 620.0 ± 6.3a 6058.2 ± 366.8c 9.8 ± 0.5c 

HA1 64.4 487.5 44.7 ± 4.2b 596.6 ± 4.2b 6859.4 ± 262.4b 11.5 ± 0.4b 

HA2 64.4 487.5 47.3 ± 3.5b 599.2 ± 3.5b 6942.7 ± 398.3ab 11.6 ± 0.6b 

HA3 64.4 487.5 44.9 ± 2.5b 596.8 ± 2.5b 6776.1 ± 446.7b 11.4 ± 0.7b 

HA4 64.4 487.5 43.9 ± 3.3b 595.8 ± 3.3b 6921.6 ± 412.2ab 11.6 ± 0.6b 

HA5 64.4 487.5 46.6 ± 3.5b 598.5 ± 3.5b 7653.2 ± 570.0a 12.8 ± 0.9a 

HA6 64.4 487.5 63.9 ± 4.0a 615.8 ± 4.0a 7277.3 ± 262.3ab 11.8 ± 0.4ab 

Data are mean of the three replicates. The different letters indicate significant differences between 

treatments at P < 0.05 level according to the LSD test; the same letters are not significantly different at 

P > 0.05 level according to the LSD test 

 

 

The relationship between potassium humate application and seed cotton yield could 

be described with a quadratic curve (Fig. 6); thus, a quadratic regression equation was 
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established (Table 8). Seed cotton yield did not increase under a potassium humate 

application level of 30 kg∙ha-1. 

 

 

Figure 6. Relationships between seed cotton yield, irrigation water use efficiency and 

potassium humate application 

 

 
Table 8. Regression equations between potassium humate application, seed cotton yield, and 

WUE 

Response variable Y Regression equation R2 

Seed cotton yield/Y1 Y1 = -5.3724X2 + 226.87X + 5446.2 R2 = 0.85 

WUE/Y2 Y2 = -0.0045X2 + 0.1847X + 10.392 R2 = 0.64 

Discussion 

Dry (arid and semi-arid) and soil saline regions are characterized by water scarcity. 

In these regions, saving irrigation water and sustainable soil use with no significant loss 

of crop yield is an urgent necessity. Studies have demonstrated that the potassium 

humate application can enhance plant growth and production and salinity control of the 

rhizosphere (Liang et al., 2007; Imbufe et al., 2005), and our results concur with those 

findings. Our results showed that application of potassium humate at 2.5, 5, 10, 15, 20, 

and 30 kg∙ha-1 could improve seed cotton yield by 13.3%, 19.7%, 23.4%, 37.2% and 

26.8%, respectively, and increase, WUE by 14.8%, 15.5%, 14.0%, 15.5%, 23.4% and 

16.9%, compared to CK treatment (Table 6). The average amount of irrigation for all 

treatments (CK, HA1, HA2, HA3, HA4, HA5 and HA6) was 487.5 mm during the 

entire cotton growing season. High seed cotton yield in potassium humate treatments 

was 6859.4-7653.2 kg∙ha-1. Correspondingly, high water use efficiency was 9.8-

12.8 ka∙ha-1. In contrast, the amount of irrigation required by local farmers was 

approximately 600 mm during the entire cotton growing season, and the seed cotton 

yield obtained (without using potassium humate in field) was about 6700 kg∙ha-1. Thus, 

the water use efficiency of local farmers was 11.1 kg∙ha-1. Compared to the local 

irrigation practice without potassium humate, water use efficiency applied potassium 

humate in the cotton field was 1.15 times higher. The application of potassium humate 

could save up to 13% water. Grant et al. (2017) showed that cotton yield decreased with 
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apparent over-irrigation in soil with low water holding capacity. Therefore, local 

farmers who did not have access to efficient water irrigation system obtain lower than 

optimal cotton yield. Thus, we recommended that local farmers use potassium humate 

in the cotton field to save irrigation water and achieve optimal cotton yield. 

The soil with well-stabilized soil aggregates structure had the excellent ability to 

storing nutrients and soil water (Angers et al., 1992; Liang and Shi, 2020). In current 

study, potassium humate significantly increased the proportion of soil macro-

aggregates, which implied potassium humate could promote the formation of macro-

aggregates in saline soil under film mulched drip irrigation. Similar results were also 

found by Mostafa (2011). Bongiovanni and Lobartini (2006) reported that humic matter, 

considered as a persistent cementing agent, is involved in stabilizing microaggregates. 

These microaggregates are bound into macroaggregates, due to the effect of transient 

binding agents (polysaccharides derived from plants and microorganisms and temporary 

binding agents (fungal hyphae, fine roots, bacterial cells) (Tisdall and Oades, 1982; 

Odades, 1993). Particulate organic matter (POM) improves the soil aggregation since it 

can form an organic core surrounded by clay, silt particles, and aggregates (Six et al., 

2004). This was an explanation that potassium humate resulted in the increase of macro-

aggregates. In the saline alkaline soil, Ca2+ is gradually replaced by Na+ at soil 

exchangeable sites, which process caused degradation of soil structure (Dai et al., 

2019). Wu et al. (2021) reported that the correlation between exchangeable Ca and 

MWD was positive, and the correlation between exchangeable Na+ and MWD was 

negative. In this study, greater MWD was in the treatments with potassium humate 

rather than CK, suggesting that saline potassium humate improved the stability of 

water-stable aggregates. 

Liu et al. (2020) reported that humic acid improved could reshape the microstructure 

of macroaggregates by replenishing organic matter, which enhanced salt leaching. In 

current study, the salt accumulation rate of none application of potassium humate on the 

balance with 0-40 cm and 0-100 cm soil layer in brackish water irrigation treatment was 

higher than potassium humate treatments (Table 3). The HA6 treatment could leach the 

soil salinity with 40 cm soil layer. 

The potassium humate application played an important role in decreasing the soil 

salinity, improving seed cotton yield, and water use efficiency. The optimal application 

amount of potassium humate requires taking these components into account. In 

experiments presented here, the relationship between cotton yield and the amount of 

potassium humate and between WUE and the amount of potassium humate followed 

quadratic curves (Fig. 6). The determinate coefficients of the curves were 0.85 and 0.64 

for cotton yield and WUE, respectively. The potassium humate production function 

(Fig. 6) for different treatments showed that the highest yield and WUE were obtained 

at a potassium humate amount of 21.1 kg∙ha-1 and 20.5 kg∙ha-1, respectively. 

Conclusions 

Our findings indicate that in saline soils, application of potassium can improve 

cotton growth, yields, water use efficiency while at the same time potentially reducing 

salt accumulation and improving soil macro-aggregates. The highest seed cotton yield 

and water use efficiency was obtained at potassium humate application amounts of 

20 kg ha-1 in this study. The highest salt leaching efficiency was obtained at potassium 

humate application amount of 30 kg∙ha-1 in this study. The accumulation of salt was 
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very small at potassium humate application amount of 20 kg∙ha-1. According to the 

results of regression equation between seed cotton yields, water use efficiency and 

potassium humate application amount, the highest yield and WUE were obtained at a 

potassium humate amount of 21.1 kg∙ha-1 and 20.5 kg∙ha-1, respectively. The 

potassium humate application amount of 20.5 kg∙ha-1 was recommended as an optimal 

potassium humate amount of saline soils from the point of view of water saving. The 

potassium humate application amount of 30 kg∙ha-1 was recommended as an optimal 

potassium humate amount of saline soils from the point of view of improving soil 

quality. Exploring the physiological and ecological functional potential of potassium 

humate has great theoretical and practical importance for improvement of saline soil 

and increasing agricultural efficiency. Collectively, the results of this research might 

encourage farmers to include potassium humate in their soil management practices 

due to the enhanced yield observed in the present study. However, effects of 

potassium humate on the relationship between seed cotton yield, nutrient uptake and 

nutrient use efficiency under brackish water irrigation need to be further evaluated. 
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