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AbstractAbstractAbstractAbstract    
    
In order to investigate the effects of various treatments on the growth of kenaf in saline soil, this study 

employed a comprehensive experimental design incorporating a dual approach of soil amendment and 
mulching techniques. Soil treatment of saline and alkaline land, as well as biological material mulching 
treatment after sowing kenaf, were conducted. The growth dynamics of kenaf were assessed before the mid-
term investigation, and the harvest period was examined. Soil physicochemical properties were measured and 
analysed at different periods. The results show that in the analysis of red sesame yield traits, the differences 
mainly appeared between soil treatments. There is no significant difference between the different mulching 
treatments within each soil treatment. In the mid-term study, significant differences were observed in kenaf 
plant height. Plant height was the most affected by soil conditioners, while other yield traits did not show 
significant variations. During harvest, only stem thickness and dry weight of a single plant did not show 
significant differences, whereas other yield traits did. The application of soil conditioners resulted in a 58.15% 
increase in dry hull yield compared to organic fertilizers and a 22.66% increase compared to regular fertilizers. 
Soil conditioners also led to higher levels of effective phosphorus, quick-acting potassium, organic matter, and 
total nitrogen throughout the kenaf growth period compared to organic and regular fertilizers. This is 
beneficial for enhancing soil quality and reducing soil alkalinity. Combined with the results of kenaf yield and 
soil physical and chemical properties analysis, it has been proven that the application of soil conditioner has the 
best effect, followed by the application of compound fertilizer, with organic fertilizer treatment being the least 
effective. 

    
Keywords:Keywords:Keywords:Keywords: kenaf; kenaf production; phosphogypsum; saline-alkali land; soil physicochemical properties 

 
 
IntroductionIntroductionIntroductionIntroduction    
 
Soil salinization, a critical environmental issue affecting agricultural productivity worldwide, is primarily 

caused by the rise of saline shallow groundwater through capillary action or the application of irrigation water 
containing salt. This process leads to the concentration of dissolved salts and/or sodium ions at concentrations 
surpassing the threshold limits on the cation exchange sites within the soil matrix (Talebnejad and Sepaskhah, 
2016). This excessive salt concentration disrupts the delicate balance necessary for healthy soil structure and 
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function, posing significant challenges to plant growth and ecosystem health. It is a significant issue that hinders 
the progress of agricultural production and poses a threat to the ecological environment's safety (Mao Qinglian, 
2020). Currently, the global saline land area has exceeded 9.55×108 hm2, which is about 10% of the total land 
area (Zhang Zhimei, 2021). More than 100 countries have been affected by soil salinization, which is still on 
the rise (Yang, 2022), greatly limiting global crop yield and ecological security, and causing serious economic 
losses and ecological crises (Shrivastava and Kumar, 2015; Ivushkin, 2019). The results of the second national 
soil census conducted by the Ministry of Agriculture revealed that the area of saline and alkaline land in China 
is approximately 3.46×107 hm2, representing 4.88% of the total usable land area of the country (Shi Jianping 
and Song Ge, 2016). Saline and alkaline land have high pH levels and rich soil colloid content, leading to 
salinization accompanied by alkalization, low soil organic matter, nutrient content, and trace element 
deficiency (Navarro-Torre et al., 2023). Nutrients necessary for crops are challenging to absorb and utilize due 

to the formation of precipitation in the higher soil pH, resulting in crop nutritional deficiencies. This condition 
is not conducive to farming and impedes agricultural development (Zhou Qiyun, 2021). Therefore, exploring 
measures to improve saline soil and enhancing production capacity play crucial roles in ensuring the stability 
of arable land and ecological security (Yu Shuhui, 2017). 

Kenaf (Hibiscus cannabinus L.) is an annual bast fiber crop of the genus Hibiscus in the family 

Malvaceae, also known as kenaf and hibiscus hemp. It is characterized by fast growth, strong resistance, wide 
adaptability, and high saline tolerance (An et al., 2022; Chen et al., 2024). Kenaf fiber has the effect of water 

absorption, fast water dispersion, and antibacterial and antimicrobial properties, making it recognized as one 
of the new fiber raw materials that can replace wood (Sapuan, 2018). Kenaf bast fiber has strong tensile 
strength, soft fibers, and fast moisture absorption and water dispersal. It is an important raw material for the 
textile and manufacturing industry (Khakifirooz et al., 2012). Kenaf is commonly used in blending with cotton 

and hemp, and in the production of sacks, linen, linen carpet, rope, kenaf mulch, lightweight composite panels, 
activated charcoal, fodder, and more. Additionally, it is utilized for soil and water conservation, cultivation 
substrates, etc. (Liu et al., 2018; Papadopoulou et al., 2014; Chen et al., 2014). The methods of improving saline 

soil mainly include physical and hydraulic engineering regulation, biological improvement, and chemical 
conditioning. Physical improvement and water conservancy engineering are highly feasible and effective for 
improving saline-alkaline land. However, they are costly and their regulatory impact is influenced by soil 
texture, weather conditions, water quality, and other factors. This makes them unsustainable and challenging 
to widely implement and popularize (Zhou et al., 2023; Shen et al., 2023). Biological improvement can be 

achieved by planting salt-tolerant plants and cultivating salt-tolerant microorganisms. However, the time-
limited effect on soil quality improvement is poor, and the stability and long-lasting effect on ecosystems remain 
to be observed (Qian, et al., 2023). Chemical improvement is mainly achieved through the cultivation of salt-

resistant plants and cultivating salt-resistant microorganisms. Biological improvement can enhance saline-
alkaline land by planting salt-tolerant plants and cultivating salt-tolerant microorganisms. However, the speed 
of soil quality enhancement is slow, and the long-term stability and impact on ecosystems are yet to be 
determined (Qian et al., 2023). Chemical improvement primarily decreases soil soluble sodium ion 

concentration and salinity through methods such as ionic substitution, acid and alkali neutralization, and ionic 
equilibrium. The commonly used materials for chemical conditioning improvement include gypsum, 
desulfurization gypsum, ferrous sulfate, humic acid, and furfural slag. However, their costs are very high. 
Furfural slag, etc., are low-cost, fast-acting, and highly operable materials (Zhao et al., 2021; Sun et al., 2022). 

However, they also contribute to secondary pollution, which hinders the effectiveness of improving saline-
alkaline soils (Fan Wangtao, 2020). Therefore, there is an urgent need for an effective and low-cost saline-
alkaline land improvement measure to enhance plant productivity and restore the ecology of saline-alkaline 
areas (Xu Chenglong, 2020). 

In the hemp planting areas in the middle and lower reaches of the Yangtze River, the average 
temperature in early April can also reach the temperature for seed germination. Due to prolonged low 
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temperature and rainy weather before and after the Qingming Festival, plastic film covering is often used for 
sowing. The results of the study showed that although film cultivation can reduce irrigation and increase soil 
temperature, most of the films are polyethylene plastic films, which can damage the soil structure and pollute 
the environment (Hu et al., 2020; Wang et al., 2021). It is crucial to address the multifaceted impacts of soil 

salinization comprehensively. This includes not only detailing the mechanisms leading to salinity buildup but 
also exploring the implications for soil chemistry, plant physiology, and broader ecological dynamics. 
Understanding these interconnections is vital for developing effective management strategies to mitigate the 
adverse effects of salinization on agricultural systems and natural environments. 

 In order to both effectively improve the quality of saline soils and increase farmers' profitability; a 
combination of biological and chemical enhancements was used to select kenaf crops with strong saline and 
alkali tolerance. Organic fertilizer, peat, phosphogypsum, and compound fertilizer were applied for soil 
improvement. In addition, in conjunction with Zhang et al. (2015) the effect of ground cover on the growth 

and yield of kenaf in different types of saline soils, the topsoil after sowing was treated with rice straw, crushed 
hemp bone, hemp mulch, and other measures to study their impact on kenaf growth, kenaf yield, and the 
physical and chemical properties of the soil. The aim was to identify the optimal cultivation measures and 
methods for kenaf planting, providing technical support for kenaf cultivation. In order to provide a scientific 
basis for the improvement of saline and alkaline land and to promote the sustainable development of the kenaf 
industry, it is of great significance. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Test materials 

Kenaf using the Institute of Bast Fiber Crops Chinese Academy of Agricultural Sciences (IBFC) selected 
and bred ultra-high yield hybrid combination varieties ‘H318’. 

 
Test setup 

The experiment consisted of two factors: soil treatment and mulching treatment. A split zone design 
was implemented, with soil treatment A serving as the main zone (with 3 levels: organic fertilizer A1, soil 
amendment A2, compound fertilizer A3). Mulching treatment B was designated as the secondary area (with 4 
levels: straw B1 - approximately 1 cm thick, broken kenaf B2 - approximately 1 cm thick, hemp mulch B3 - one 
layer, control B4 - no cover). Each treatment group was randomly arranged and repeated three times, resulting 
in a total of 36 plots. Protective rows surrounded each cell which had an area of 10 square meters. Straight wide 
strip seeding method was employed with two cells per plot. Approximately 1850 seeds were sown in each plot. 
The experimental site was located in Section 14 of Weiken in Xiaoshan District, Hangzhou City, Zhejiang 
Province under the jurisdiction of the Administrative Committee Office for Agricultural Foreign 
Comprehensive Development Zone on reserved saline-alkali land. The average values for soil physicochemical 
and chemical properties prior to sowing were as follows: Alkali hydrolysis N =47.64 mg/kg. available P=32.68 
mg/kg. quick available K=140.63 mg/kg. organic matter =9.04 g/kg. total N=0.58 g/kg. pH=7.69. salt content 
=0.80 g/kg. electrical conductivity =287 .25 μs/cm. Seeding took place on May 26th. 

Soil treatment (A): The application rate of organic fertilizer (A1) was 3000 kg/hm2, with a minimum 

content of N+P2O5+K2O≥4.0% and organic matter ≥30.0% (Guo et al., 2020). The soil amendment (A2) 

consisted of peat and phosphogypsum in a ratio of 4:1, with an application rate of 7500 kg/hm2 (Zhou et al., 
2017; Dou et al., 2024). The control group (compound fertilizer A3) received 750 kg/hm2 of 16-16-16 
compound fertilizer (Chen et al., 2018), with 300 kg/hm2 applied as base fertilizer during soil tilting, 75 kg/hm2 
at the seedling stage and later stage, and another 300 kg/hm2 at the middle stage.  
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Covering material (B): After seeding, straw cover (B1) involved broken straw; broken kenaf cover (B2) 
utilized broken kenaf rods; hemp mulch cover (B3) employed white non-waterproof hemp mulch; while the 
control group (B4) remained uncovered. 

 
Table 1.Table 1.Table 1.Table 1. Each processing group schematic table 

PPPProcessing rocessing rocessing rocessing groupgroupgroupgroup    TreatmentTreatmentTreatmentTreatment    
A1B1 organic fertilizer +straw 
A1B2 organic fertilizer +broken kenaf 
A1B3 organic fertilizer +non-waterproof hemp mulch 
A1B4 organic fertilizer +control group 
A2B1 soil amendment +straw 
A2B2 soil amendment +broken kenaf 
A2B3 soil amendment +non-waterproof hemp mulch 
A2B4 soil amendment +control group 
A3B1 control group +straw 
A3B2 control group +broken kenaf 
A3B3 control group +non-waterproof hemp mulch 
A3B4 control group +control group 

 
Experimental investigation 

Before the midterm examination, seedlings were observed at 22 days (6.17), 49 days (7.14) prior to the 
midterm, and 77 days (8.11) after sowing. In each plot, a random selection of 20 representative plants was made 
for studying growth dynamics, including plant height, dry weight of an individual plant, and aboveground dry 
biomass production. 

Chlorophyll content was concurrently measured with growth dynamics using a chlorophyll meter to 
determine SPAD values based on 20 leaves per treatment. 

During the harvesting period (10.19), a sample of 20 representative plants from each plot was chosen to 
measure plant height, stem thickness, skin thickness, dry leaf weight, dry stem weight, dry skin weight, dry 
aboveground biomass of each plant as well as the effective number of plants in each plot for counting and yield 
calculation. 

Subsequently, soil samples were collected from five points within each plot at a depth ranging from 5-
20 cm and then dried indoors under light-free conditions. 

Soil alkalinity influences levels of dissolved nitrogen, effective phosphorus quick-acting potassium 
organic matter total nitrogen salt content pH value conductivity; among these factors salt content and 
conductivity were measured during the seedling stage pre-sowing stage mid-sowing stage and harvesting stage 
respectively while alkaline dissolved nitrogen effective phosphorus quick-acting potassium organic matter total 
nitrogen pH were measured during sowing stage and harvesting stage. 

 
Data processing and analysis 

The data were preliminarily organized and graphed using Excel 2010, analyzed by Multiple comparisons 
and ANOVA using SAS 9.1.3, and tested for significance using Duncan's new complex polarity method. 
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ResultsResultsResultsResults    
 
Effects of different treatments on the yield of kenaf before mid-term 

From the effects of different soil treatments (A) and mulching treatments (B) on plant height, dry tare 
weight per plant, and dry aboveground biological yield per plant of red sesame in the pre-middle stage (Table 
2), there were no significant effects on dry tare weight per plant and dry aboveground biological yield per plant. 
However, there were either significant or non-significant effects on plant height. Plant height showed 
significance in various mulching treatments (B) and different soil treatments, as well as block interactions 
(A*block) at the seedling stage. However, all other treatments and interactions were not significant. This 
pattern was consistent in the early and middle stages, except for block interactions (block), which were not 
significant. Significant effects were observed in all other cases. 

In terms of the mulching treatments (rice straw B1, crushed hemp bone B2, hemp mulch B3, control 
B4) with organic fertilizer (A1) (Table 3), the plant heights of the mulching treatments at the seedling stage, 
early stage, and middle stage were significantly different from each other. The minimum plant height at the 
seedling stage was observed in the control (B4) group, while the differences among the other three mulching 
treatments were not significant. The plant height in the early stage was the highest in the rice straw mulch (B1) 
at 147.22 cm, while in the middle stage it was the highest in the hemp mulch (B3) at 211.52 cm. In the early 
stage, the plant height was highest when using rice straw (B1), and in the middle stage, it was highest with hemp 
mulch (B3). In terms of dry tare weight per plant, there was no significant difference in the early stage. 
However, the plants covered with hemp mulch (B3) showed the highest weight in the middle stage, while the 
differences among the other three mulching treatments were not significant. In terms of aboveground dry 
biological yield per plant, there was no significant difference among the mulching treatments at the seedling 
stage, pre-mulching, and mid-term. Regarding the mulching treatments (rice straw B1, crushed hemp bone B2, 
hemp film B3, control B4) of the soil conditioner (A2), there were significant differences in the height of the 
plants at the seedling stage, pre-mulching, and mid-term mulching treatments. The smallest height was 
observed in the control (B4) at the seedling stage 20.51 cm. The differences among the other three mulching 
treatments were not significant, with the smallest height observed in the crushed hemp bone treatment at the 
pre-mulching stage. There were significant differences in plant height among the mulching treatments at the 
seedling, pre-emergence, and mid-term stages. The control (B4) had the smallest height at the seedling stage, 
while the other three mulching treatments showed insignificant differences. For the dry tare weight per plant, 
there was no significant difference among the mulching treatments in the early and middle stages. In terms of 
aboveground dry biological yield per plant, there was no significant difference among the mulching treatments 
at the seedling stage, in the early stage, and in the middle stage. From the perspective of the mulching treatments 
of compound fertilizer (A3) (rice straw (B1), crushed hemp bone (B2), hemp mulch (B3), and control (B4)), 
there was a significant difference in the plant height of each of the mulching treatments at the seedling stage, 
in the early stage, and in the middle stage. Additionally, at the seedling stage, the control (B4) was the smallest, 
while the difference among the other three mulching treatments was not significant. The differences among 
the other three mulching treatments were not significant. In the early stage, straw (B1) and crushed hemp bone 
(B2) had the highest levels, while in the middle stage, crushed hemp bone (B2) showed the highest levels. In 
terms of dry tare weight per plant, there was also no significant difference between the mulching treatments in 
the early and middle stages. For aboveground dry biological yield per plant, there was no significant difference 
among the mulching treatments at the seedling, pre-midterm, and midterm stages. Taken together, the yield 
traits of the treatments did not differ significantly before the mid-term. 
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Table 2. Table 2. Table 2. Table 2. The analysis of influential factors on kenaf yield variation in different periods under various 
treatment measures 

Name 
Plant height (cm) 

Dry weight of an 
individual plant(g)  

Aboveground dry biomass 
production (g) 

22d 49d 77d 22d 77d 22d 49d 77d 

A ns ** *** ns ns ns ns ns 

B *** *** *** ns ns ns ns ns 

block ns ns ns ns ns ns ns ns 

A*B ns *** *** ns ns ns ns ns 

A*block *** *** ** ns ns ns ns ns 

Notes: ***, **and*indicates that the difference is up to 1‰, 1% and 5% significant level 

    
Table Table Table Table 3333....    Effects of different treatment measures on kenaf yield before metaphase 

Name 
Plant height (cm) 

Dry weight of an 
individual plant(g) 

Aboveground dry biomass production 
(g) 

22d 49d 77d 22d 49d 22d 49d 77d 

A1 

B1 
21.88±

2.90a 
147.22±

14.09a 
203.60±

18.27b 
3.43±
1.12a 

9.62±
1.76a 

0.38±
0.14a 

9.42±
2.99a 

27.60±
4.98a 

B2 
22.01

±

2.57a 
137.83

±

11.22b 
201.04

±

24.31b 
2.77
±

0.75a 
9.13
±

1.75a 
0.38
±

0.07a 
7.59
±

2.10a 
25.76

±

5.20a 

B3 
22.71

±

3.05a 
134.55

±

12.37b 
211.52

±

18.40a 
2.07
±

0.64a 
10.22

±

1.55a 
0.38
±

0.07a 
6.06
±

1.63a 
28.07

±

4.14a 

B4 
20.15

±

3.55b 
138.27

±

17.04b 
192.51

±

16.43c 
2.77
±

1.07a 
6.14
±

1.36a 
0.33
±

0.04a 
7.80
±

2.97a 
17.24

±

4.02a 

A2 

B1 
22.53±

3.23a 
140.58±

7.60b 
211.47±

16.61a 
2.53±
0.55a 

9.46±
4.49a 

0.37±
0.01a 

7.10±
1.56a 

23.13±
7.66a 

B2 
22.57

±

2.42a 
149.03

±

9.20a 
204.58

±

17.88ab 
3.30
±

0.61a 
7.35
±

1.01a 
0.33
±

0.05a 
8.86
±

1.62a 
19.81

±

2.73a 

B3 
22.26

±

4.82a 
138.08

±

13.23b 
207.99

±

18.42ab 
2.63
±

0.95a 
9.61
±

2.89a 
0.37
±

0.12a 
7.21
±

2.55a 
26.97

±

8.53a 

B4 
20.51

±

3.75b 
136.55

±

12.10b 
201.45

±

28.78b 
2.50
±

0.69a 
9.06
±

3.05a 
0.36
±

0.07a 
8.43
±

2.38a 
25.69

±

7.92a 

A3 

B1 
22.67±

1.70a 
140.27±

8.96a 
189.84±

20.98b 
2.80±
0.10a 

7.10±
1.15a 

0.35±
0.04a 

7.68±
0.39a 

20.01±
3.03a 

B2 
21.92

±

2.71a 
142.85

±

9.30a 
203.54

±

19.75a 
2.90
±

0.36a 
8.79
±

2.37a 
0.34
±

0.07a 
8.07
±

0.96a 
24.49

±

6.85a 

B3 
21.78

±

5.45a 
135.62

±

8.40b 
197.60

±

24.88ab 
2.57
±

0.76a 
8.23
±

4.71a 
0.41
±

0.16a 
7.02
±

2.26a 
23.06

±

12.62a 

B4 
18.70

±

3.54b 
133.52

±

15.84b 
197.33

±

27.42ab 
2.80
±

0.89a 
9.81
±

4.79a 
0.31
±

0.07a 
8.05
±

2.49a 
28.09

±

13.66a 

 
Effects of different treatments on SPAD values of red flax leaves at different time periods 

From the effects of different soil treatments (A), various mulching treatments (B), and their interactions 
on the SPAD values of kenaf leaves at different time points (refer to Table 5), significant and non-significant 
effects were observed. 

There was no significant difference in leaf SPAD values across mulch treatments with organic fertilizer 
(A1) and soil conditioner (A2) at seedling and preemergence stages, while significant differences were observed 
at midterm. There was no significant difference in leaf SPAD values among the mulch treatments at the 
seedling and midterm stages in the application of compound fertilizer (A3), but a significant difference was 
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observed in the early stage (Figure 1). Taken together, there were differences in leaf SPAD values among the 
treatments mainly at midterm, but the differences were not significant. The maximum value was observed for 
each of the mulching treatments with the application of compound fertilizer (A3). 

 
Table 5Table 5Table 5Table 5....    Analysis of the influence factors of different treatment measures on the change of SPAD value of 
kenaf leaves in different periods 

Name 22d 49d 77d 

A ns ns ** 

B * ns *** 

block ns * ns 

A*B ns ns ** 

A*block ** ns ns 

Notes: ***, **and*indicates that the difference is up to 1‰, 1% and 5% significant level 

 

 
Figure Figure Figure Figure 1111.... Influence of different treatment measures on SPAD value of kenaf leaves at different periods. 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
Effects of different treatments on kenaf yield at harvest time 

From the effects of different soil treatments (A), various mulching treatments (B), and their interactions 
on the yield traits of kenaf at the harvest stage (refer to Table 6), significant and non-significant effects were 
observed. Analyzed from different soil treatments, there were significant differences, except for stem thickness, 
single-plant dry biomass weight, and single-plant dry leaf weight, which were not significant. Analyzed from 
various mulching treatments, there were no significant differences except for plant height and stem thickness, 
which showed significance. Analyzing different block groups (blocks), no significant differences were found 
except for plant height and dry leaf weight per plant. When analyzing the effects of various soil treatments and 
different mulching interactions (A*B), the results were consistent with those of the mulching treatments. From 
the analysis of different soil treatments and intercropped blocks (A*block), significant differences were 
observed, except for stem thickness, skin thickness, dry leaf weight of a single plant, and dry skin weight of the 
plot, which were not significant. 

From the application of organic fertilizer (A1) and mulching treatments (rice straw B1, crushed hemp 
bone B2, hemp film B3, control B4) (Table 7), significant differences were observed in plant height and stem 
thickness, reached 301.53 cm and 13.81 mm respectively. Among the mulching treatments, crushed hemp bone 
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(B2) resulted in the largest plant growth. However, there were no significant differences in other yield traits. 
Similarly, when soil conditioner (A2) was applied as a mulching treatment, significant differences were 
observed in plant height and stem thickness, but not in other yield traits. Overall, the application of soil 
conditioner (A2) as a mulching treatment led to significant differences in various plant characteristics, except 
for plant height and stem thickness. No significant differences were observed for other yield traits. Plant height 
and stem thickness were the greatest for rice straw (B1) mulch. Among the mulching treatments with 
compound fertilizer (A3), only plant height showed a significant difference, with plant height being the lowest 
for rice straw (B1) mulch. The differences were not significant for the other three mulches. Taken together, 
the application of soil conditioner (A2) treatment was the most effective, while the mulching treatments were 
not significantly different. 

 
Table 6Table 6Table 6Table 6.... Analysis of influencing factors of different treatment measures on kenaf yield change at harvest 
stage 

NameNameNameName    
Plant Plant Plant Plant 

height(cm)height(cm)height(cm)height(cm)    
Stem Stem Stem Stem 

diameter(mm)diameter(mm)diameter(mm)diameter(mm)    

SSSSkin kin kin kin 
thicknessthicknessthicknessthickness    

(mm)(mm)(mm)(mm)    

Dry Dry Dry Dry bone bone bone bone 
weight per weight per weight per weight per 
plantplantplantplant    (g)(g)(g)(g)    

Dry skin Dry skin Dry skin Dry skin 
weight per weight per weight per weight per 

plantplantplantplant(g)(g)(g)(g)    

Dry leaf Dry leaf Dry leaf Dry leaf 
weight per weight per weight per weight per 
plantplantplantplant    (g)(g)(g)(g)    

Dry biological Dry biological Dry biological Dry biological 
yield per plantyield per plantyield per plantyield per plant
（gggg）    

Area dry skin Area dry skin Area dry skin Area dry skin 
weightweightweightweight(kg)(kg)(kg)(kg)    

A *** ns ** ns ** ns * *** 

B ** * ns ns ns ns ns ns 

block * ns ns ns ns ** ns ns 

A*B *** *** ns ns ns ns ns ns 

A*block *** ns ns * ** ns * ns 

Notes: ***, **and*indicates that the difference is up to 1‰, 1% and 5% significant level 

 
Table Table Table Table 7777.... Effects of different treatment measures on kenaf yield at harvest stage 

NameNameNameName    
Plant heightPlant heightPlant heightPlant height    

(c(c(c(cmmmm))))    

Stem Stem Stem Stem 
diameterdiameterdiameterdiameter    

(mm)(mm)(mm)(mm)    

skin skin skin skin 
thickness thickness thickness thickness 

(mm)(mm)(mm)(mm)    

Dry bone Dry bone Dry bone Dry bone 
weight per weight per weight per weight per 
plant (g)plant (g)plant (g)plant (g)    

Dry skin Dry skin Dry skin Dry skin 
weight per weight per weight per weight per 

plant(g)plant(g)plant(g)plant(g)    

Dry leaf Dry leaf Dry leaf Dry leaf 
weight per weight per weight per weight per 
plant (g)plant (g)plant (g)plant (g)    

Dry Dry Dry Dry 
biological biological biological biological 
yield per yield per yield per yield per 

plantplantplantplant（gggg）    

Area dry Area dry Area dry Area dry 
skin weightskin weightskin weightskin weight    

(kg)(kg)(kg)(kg)    

A1 

B1 
285.25±

35.78b 
12.77±

2.10b 
1.05±
0.17a 

35.52±
8.70a 

21.04±
7.71a 

7.01±
0.42a 

63.58±
16.54a 

2.83±
1.20a 

B2 
301.53±

35.87a 
13.81±

2.72a 
1.15±
0.04a 

45.07±
6.35a 

28.54±
2.36a 

12.38±
4.95a 

85.99±
4.00a 

3.15±
1.82a 

B3 
280.48±

43.86b 
12.45±

2.45b 
1.06±
0.15a 

34.03±
6.45a 

22.50±
4.96a 

7.84±
4.54a 

64.37±
11.22a 

4.05±
0.94a 

B4 
286.98±

29.38b 
12.84±

2.49b 
1.09±
0.11a 

37.01±
4.04a 

25.00±
2.50a 

9.90±
0.83a 

71.91±
6.14a 

4.22±
0.25a 

A2 

B1 
327.65±

34.09a 
14.05±

2.17a 
1.3±
0.07a 

49.85±
7.72a 

33.34±
2.82a 

16.09±
1.89a 

99.27±
12.42a 

5.37±
1.07a 

B2 
321.53±
32.68ab 

12.66±
2.10b 

1.2±
0.14a 

41.37±
10.12a 

27.71±
6.29a 

11.28±
0.95a 

80.35±
17.24a 

6.02±
0.70a 

B3 
322.8±
28.6ab 

13.69±
2.10a 

1.3±
0.22a 

48.66±
1.37a 

32.29±
0.96a 

12.65±
2.90a 

93.6± 
3.05a 

5.63±
1.35a 

B4 
310.72±

40.6b 
12.28±

2.27b 
1.18±
0.12a 

40.60±
7.62a 

28.75±
3.48a 

8.53±
4.54a 

77.87±
15.62a 

5.50±
0.64a 

A3 

B1 
292.75±

41.73b 
13.04±

2.8a 
1.24±
0.08a 

42.39±
5.09a 

27.71±
4.69a 

10.18±
7.80a 

80.27±
17.08a 

4.79±
1.15a 

B2 
316±
39.25a 

12.59±
2.48a 

1.15±
0.07a 

41.73±
5.57a 

28.33±
4.39a 

10.73±
4.13a 

80.79±
14.04a 

4.75±
0.82a 

B3 
321.42±

48.09a 
13.63±

2.88a 
1.27±
0.21a 

56.12±
16.66a 

34.79±
10.82a 

15.13±
9.84a 

106.04±
37.24a 

4.72±
0.78a 

B4 
310.72±

53.47a 
12.6±
3.16a 

1.19±
0.25a 

48.06±
24.37a 

31.25±
13.05a 

13.48±
9.95a 

92.78±
46.89a 

4.09±
1.54a 
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Effects of different treatment measures on soil alkaline dissolved nitrogen content at sowing and harvesting 

stages of kenaf 

The application of organic fertilizer (A1) and soil conditioner (A2) in the mulching treatments (rice 
straw B1, crushed hemp bone B2, hemp mulch B3, control B4) during the sowing and harvesting periods of 
alkaline nitrogen did not show significant differences (Figure 2). However, the application of composite 
fertilizer (A3) in the mulching treatments of alkaline nitrogen showed significant differences in the pre-sowing 
period but not in the harvest period. The trend changes were consistent across all treatments; they were low 
before and high after. In general, before sowing, the alkaline dissolved nitrogen content of the soil conditioner 
(A2) was higher than that of the organic fertilizer (A1) and compound fertilizer (A3). The alkaline dissolved 
nitrogen content of each mulching treatment with organic fertilizer, soil conditioner, and compound fertilizer 
was higher than that before sowing at harvest. 

 

 
FFFFigure igure igure igure 2222....    Effects of different treatment measures on soil alkali-hydrolyzed nitrogen at sowing and 
harvesting stages of kenaf 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
Effects of different treatment measures on effective phosphorus content of soil at sowing and harvesting stages 

of kenaf 

The application of organic fertilizer (A1) among the various mulching treatments (rice straw B1, 
crushed hemp bone B2, hemp mulch B3, control B4) during the sowing and harvesting periods did not show 
significant differences in the soil's effective phosphorus content (Figure 3). The mulching treatments with soil 
conditioner (A2) were significantly different at the planting stage, but not at the harvest stage. The opposite 
was true for each of the mulch treatments with compound fertilizer (A3) application, which was not significant 
at planting but significant at harvest. The trend changes were consistent across all treatments, unlike alkaline 
dissolved nitrogen, which was higher before and lower after. In general, the effective phosphorus (P) content 
of the soil conditioner (A2) was higher than that of the organic fertilizer (A1) and compound fertilizer (A3) 
throughout the growth period. The soil's effective phosphorus content with each mulching treatment using 
the soil conditioner was higher than before sowing during the growth period of red sesame. In contrast, the 
soil's effective phosphorus content with each mulching treatment using organic fertilizer and compound 
fertilizer was lower than the average value before sowing at harvest time. 
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FFFFigure igure igure igure 3333....    Effects of different treatment measures on soil available phosphorus at sowing and harvesting 
stages of kenaf   
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
The effect of different treatments on soil quick-acting potassium content during sowing and harvesting of 

kenaf 

Application of organic fertilizer (A1) and soil conditioner (A2) mulching treatments (rice straw B1, 
crushed hemp bone B2, hemp mulch B3, control B4) at the sowing stage significantly affected the soil's fast-
acting potassium content (Figure 4); however, there was no significant difference in the harvest. The quick-
acting potassium content of the soil in each mulch treatment with compound fertilizer (A3) was significantly 
different at seeding and harvest. The trends in the treatments varied, showing both higher and lower levels, 
similar to the pattern observed with effective phosphorus. In general, the soil's effective phosphorus content in 
soil amendment (A2) was consistently higher than that in organic fertilizer (A1) and compound fertilizer (A3) 
throughout the growing period. However, the soil's effective phosphorus content in all treatments was lower 
than the pre-sowing average by the harvesting period. 

 

 
FFFFigure igure igure igure 4444....    Effects of different treatment measures on soil available potassium at sowing and harvesting stages 
of kenaf 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 
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The effect of different treatments on the organic matter content of soil at sowing and harvesting stages of 

kenaf 

Different fertilization strategies significantly affect soil organic matter. Application of organic fertilizer 
(A1) and application of composite fertilizer (A3) in the mulching treatments (rice straw B1, crushed hemp 
bone B2, hemp mulch B3, control B4) during the sowing and harvesting periods significantly affect soil organic 
matter content (Figure 5). And the maximum organic matter content was reached in both B1 treatments at 
harvest time, 11.47 g/kg and 11.98 g/kg, respectively. The mulch treatments with soil conditioner (A2) 
application, on the other hand, did not show significant differences at both seeding and harvesting stages. The 
trend of the treatments varied in the same way as the soil alkaline dissolved nitrogen content, which initially 
decreased and then increased. Overall, the soil organic matter content of the soil amendment (A2) was 
consistently higher than that of the organic fertilizer (A1) and compound fertilizer (A3) throughout the 
growing period. Additionally, the soil organic matter content of all treatments exceeded the pre-sowing average 
at harvest. 

 

 
FFFFigure 5.igure 5.igure 5.igure 5.    Effects of different treatment measures on soil organic matter content at sowing and harvesting 
stages of kenaf  
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
Effects of different treatments on soil total nitrogen content at sowing and harvesting stages of kenaf 

Application of organic fertilizer (A1) and various mulching treatments (rice straw B1, crushed hemp 
bone B2, hemp mulch B3, control B4) during the sowing and harvesting periods significantly affect the soil's 
total nitrogen content (Figure 6). The mulch treatments with soil conditioner (A2) were not significantly 
different at both seeding and harvest. The mulch treatments with compound fertilizer (A3) did not show 
significant differences in soil total nitrogen content before planting but were significant at harvest. 
Interestingly, the trend variation in all treatments did not align with soil alkaline dissolved nitrogen, effective 
phosphorus, quick-acting potassium, and organic matter content. The treatments with organic fertilizer 
application exhibited high levels before and low levels after, while the treatments with soil conditioner and 
compound fertilizer application showed low levels before and high levels after. However, in general, the soil 
nitrogen content of kenaf is higher throughout the growth period when applying soil conditioner (A2) 
compared to organic fertilizer (A1) and compound fertilizer (A3). Additionally, the nitrogen content is higher 
than the average value before sowing. The total nitrogen content in the soil was lowest during the harvest period 
when organic fertilizer was applied. 
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FFFFigure igure igure igure 6666....     Effects of different treatment measures on soil total nitrogen content at sowing and harvesting 
stages of kenaf 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
The effect of different treatment measures on the kenaf sowing and harvesting soil PH value 

Application of organic fertilizer (A1) and soil conditioner (A2) in the various mulching treatments (rice 
straw B1, crushed hemp bone B2, hemp mulch B3, control B4) during the sowing and harvesting periods did 
not show significant differences in soil pH values (Figure 7). The mulch treatments with the application of 
compound fertilizer (A3) showed significant differences at sowing but not at harvest. The trend changes 
differed among all treatments. However, the trend changes were consistent for treatments involving organic 
fertilizer and compound fertilizer application, both of which showed high values before and low values after 
straw (B1) application. In contrast, all other mulching treatments exhibited low values before and high values 
after. The pH values of each mulch treatment with soil conditioner application were low before and high after. 
Overall, the pH values of the mulching treatments with soil conditioner were the lowest throughout the 
growing period, dropping below the pre-sowing average. This was followed by the treatments with organic 
fertilizer, while the treatments with compound fertilizer had the highest pH values. During the harvesting 
period, the pH values of the treatments with organic fertilizer and compound fertilizer were higher than the 
pre-sowing average. 

 

 
FFFFigureigureigureigure    7777....    Effects of different treatment measures on soil PH value at sowing and harvesting stages of kenaf 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 
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The effect of different treatments on soil salinity at sowing and harvesting stages of kenaf 

From the effects of different soil treatments (A), various mulching treatments (B), and their interactions 
on soil salinity at different stages of kenaf growth (refer to Table 9), both significant and non-significant effects 
were observed. The trends of all treatments are similar; they initially decreased, then rebounded, and finally 
decreased again (Figure 8). Taken together, the soil salinity was highest in all treatments when soil conditioner 
(A2) was applied. The decrease in harvest yield compared to the early stage was also most significant across all 
treatments. The soil salinity during the early, middle, and harvest stages was lower than that during the seedling 
stage. However, throughout the entire growth period, the soil salinity was higher than that during the pre-
sowing stage. When analyzing the application of organic fertilizer (A1) and composite fertilizer (A3), it was 
observed that, except for the straw (B1) mulching treatment with compound fertilizer, which had lower soil 
salinity than the seedling stage, the soil salinity in the middle and harvest stages of each treatment was higher 
than that in the seedling stage. This suggests that the two soil treatments had an impact on the soil salinity 
levels. Treatments returned to salt in the middle and late stages. 

 
Table 9Table 9Table 9Table 9.... Analysis of the influence factors of different treatment measures on the change of soil salt content 
in different periods    

Name  22d 49d 77d Harvest time 

A *** *** ** *** 

B ns ns ns ** 

block ns ns ns ** 

A*B ns ns ** *** 

A*block ns ns ns ns 

 

 
FFFFigureigureigureigure    8888....    Effects of different treatment measures on soil salt content of kenaf during sowing and harvesting. 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3) 

 
Effects of different treatments on soil conductivity at sowing and harvesting stages of kenaf 

From the effects of different soil treatments (A), different mulching treatments (B), and their 
interactions on the soil conductivity of kenaf at different periods (refer to Table 10), similar significant or non-
significant effects were observed. The trend change of the treatments is similar to the soil salinity, all of which 
initially decreased, then rebounded, and finally decreased again (Figure 9). Taken together, the soil conductivity 
was highest across all treatments when soil conditioner (A2) was applied. The most significant decreases in 
conductivity during the harvest period compared to the initial period were observed. Additionally, the soil 
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conductivity during the seedling period was higher than in the first, middle, and harvest periods. However, 
throughout the entire growth cycle of red sesame, the conductivity was higher than that in the pre-sowing 
period. 

 
Table 10Table 10Table 10Table 10.... Analysis of the influence factors of different treatment measures on soil conductivity changes in 
different periods 

Name  22d 49d 77d Harvest time 

A *** *** ** ** 

B ns ns ns ns 

block ns * ns ns 

A*B ns ns ** ns 

A*block * ns * ns 

 

 
FFFFigure igure igure igure 9999....    Effects of different treatment measures on soil conductivity of kenaf during sowing and 
harvesting 
Different letters represent the significance under the same fertilizer treatment and different coverage treatments at the 
same period. (p< 0.05; n = 3)    

 
Spearman's Correlation 

We explored the Spearman's correlation between soil physicochemical properties and kenaf yield. The 
results showed that TN, SC, pH, OM and EC were significantly correlated with kenaf yield. Random forest 
modelling results further indicated that the variation of PH was able to be explained 22.80% by soil properties, 
with SC and EC being relatively important predictors of its variation. In addition, variation in DBW was able 
to explain 14.68% by soil properties, where SC was a relatively important predictor of its variation. TN and 
SC, on the other hand, were able to predict variation in BW. 
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FigFigFigFigure ure ure ure 10101010.... Correlation between soil physicochemical properties and kenaf yield. TN (total nitrogen 
content); SC (Salt content); OM (organic matter content); EC (electrical conductivity); AP (available 
potassium); AN (alkali-hydrolyzed nitrogen); AK (available potassium); ST (skin thickness); DBW(Dry 
bone weigh); DSW (Dry skin weight per plant); DLW (Dry leaf weight per plant); DBY (Dry biological 
yield per plant); ADS (Area dry skin weight); PH (Plant height); SD (Stem diameter).  

 
 
DiscussionDiscussionDiscussionDiscussion    
 
From the consideration of kenaf yield traits, before the mid-term, the yield traits of the treatments do 

not differ significantly. There is no significant difference between the dry tare weight of a single plant and the 
dry biological yield of a single plant above ground. However, at the harvest stage, the dry tare weight of a single 
plant, the dry biological yield of a single plant above ground, and the dry tare weight of a plot show significant 
differences. When combined with the SPAD value of leaves of the treatments, the differences are mainly 
analyzed in the mid-term. This indicates that the growth of kenaf under the various treatments mainly 
differentiated in the middle and late stages. From the analysis of various soil treatments (A), mulching 
treatments (B), and their interactions on kenaf during the seedling stage, as well as the first, middle, and harvest 
periods of yield traits, differences primarily stem from the varied soil treatments, with the soil amendments 
(A2) treatment demonstrating the most significant effect. Converted with maximum soil conditioner + broken 
kenaf treatments, the dry hull yield was 6023 kg/hm2, which was close to 6589 kg/hm2 of Yang et al. (2011) 

during 2004-2006 in the new kenaf variety area of the whole country, which indicated that the planting 
improvement measure was feasible. Mulching treatments show minimal impact, which is consistent with 
Zhang et al. (2015) saline mulching treatment on kenaf yield in the first year of the trial. 

From a comprehensive consideration of soil nutrients, soil amendments with soil nutrients, in addition 
to alkaline nitrogen during the harvest period, are not all higher than the application of organic fertilizers and 
fertilizer mulching treatments. Effective phosphorus, quick-acting potassium, organic matter, and total 
nitrogen content throughout the entire growth period of kenaf are higher than those from the application of 
organic fertilizers and fertilizer mulching treatments. This indicates that it can enhance soil nutrient content, 
improve soil quality, enhance soil permeability, and promote plant growth, aligning with the kenaf yield trait 
values. 



Chen C et al. (2024). Not Bot Horti Agrobo 52(3):13897 

 

16 
 

 

 

 

 

 

From a comprehensive analysis of soil pH values, the use of soil conditioner to maintain soil pH levels 
throughout the entire growth period of kenaf is lower compared to the use of organic fertilizer and fertilizer 
mulching treatments. This finding aligns with Zhou Liming et al. (2017), who observed a significant reduction 

in soil pH values when treating saline soil in Changji with phosphogypsum. This reduction is more favorable 
for the growth requirements of kenaf and is consistent with the yield characteristics of kenaf. In our study, there 
was no significant difference in soil pH between the mulch treatments of soil amendment (A2) at both seeding 
and harvesting stages, but soil pH decreased slightly under this treatment compared to the A1 and A3 
treatments. The studies have reported that the application of soil amendments decreases soil pH (Luo et al., 

2018; Sun et al., 2016). However, Li et al. (2012) reported that There is also evidence that low rate of gypsum 

addition had no significant effects on soil pH in saline-alkaline soils in the northwest China. 
The soil conditioner used in this test contains phosphogypsum, with calcium sulfate dihydrate (CaSO4-

2H2O) as its main component, constituting over 90% (Jia, 2020). When it reacts with sodium carbonate and 
sodium bicarbonate in saline soil, it produces soluble sodium sulfate. This compound has stable chemical 
properties, resulting in neutral soil colloid (Li Shouming, 1985). The soil salinity after applying the soil 
conditioner was higher throughout the growing period compared to before sowing. However, it was lower than 
during the seedling stage in the pre-growing, mid-growing, and harvesting periods. This difference may be 
attributed to the reaction of phosphogypsum in the soil conditioner with sodium carbonate and sodium 
bicarbonate in the soil during the growth of red sesame. The resulting sodium sulfate was likely washed away 
by rainwater. It is possible that not all of the sodium sulfate generated by the reaction was washed away, as there 
was a small amount of phosphogypsum impurity salts in the phosphogypsum. 

Comprehensive comparative analysis shows that the application of soil conditioner (A2) can effectively 
enhance the nutrient content of saline soil, decrease soil alkalinity, and increase the yield of kenaf. This is a 
significant advantage for enhancing the utilization of saline land in the region and improving the quality of 
arable land. 

 
    
ConclusionsConclusionsConclusionsConclusions        
 
The results of this study indicate that soil treatment has a significant impact on the yield of kenaf. The 

dry bark yield of kenaf treated with soil amendments is higher than that treated with organic fertilizer and 
compound fertilizer. There is no significant effect on kenaf yield among different covering treatments in each 
soil treatment. The content of available phosphorus, available potassium, organic matter, and total nitrogen in 
the soil treated with soil amendments is higher than that treated with organic and compound fertilizers 
throughout the growth period of kenaf, which can improve soil quality and reduce soil alkalinity. Future 
research will focus on applying different doses of soil amendments to different saline alkali soils, providing 
scientific basis for the improvement of saline alkali soils. 
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