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  Abstract 
The coconut chaff and coastal soil were used as soil improvement material and 
the improved object, respectively. Using pot experiment of planting water spi-
nach to study the improvement effect of the coconut chaff on coastal soil under 
the conditions without chemical fertilizer utilization. Five treatments were de-
signed by mixing the coconut chaff and coastal soil in different volume ratios of 
0:20, 1:20, 2:20, 3:20 and 4:20. The results showed that adding the coconut chaff 
could obviously promote the growth of water spinach, and the average number of 
leaves, weight per plant and root weight per plant were increased by 
11.3%-22.5%, 40.0%-47.5%, and 106%-175%, respectively. And the soil pH 
value was changed from acidity to neutral. The contents of organic matter, total 
nitrogen, available phosphate and available potassium of coastal soil were in-
creased by 11.1%-28.1%, 31.3%-35.6%, 13.0%-23.5% and 9.9%-44.8%, respec-
tively. The activities of urease, catalase and acid invertase of coastal soil were 
increased by 0.3%-15.1%, 18.7%-35.1% and 47.9%-158%, respectively. Espe-
cially, the treatments with the addition ratios of 2:20-4:20 could significantly im-
prove the soil pH value and increase the soil nutrient contents and enzyme activi-
ties (p < 0.05). It was proved that adding the coconut chaff in the right proportion 
can improve the physicochemical properties of coastal soil and achieve the pur-
pose of soil improvement. 
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1. Introduction 

In recent years, soil quality decline is more and more serious, and the area of arable land decreases year by year due 
to the unreasonable use of cultivated land by human beings. In addition, the content of soil organic matter was sharply 
decreased and the soil-borne diseases are seriously occurred due to massive application of chemical fertilizer, which 
will lead to low crop yield and poor soil quality [1]. The coastal soil has poor water and fertilizer retention ability, on 
account of affecting by the characteristics of sandy soil, which is easy to be leached and its agricultural production effi-
ciency is even lower. Therefore, compared with other types of soil, it is more urgent to strengthen the improvement and 
utilization of coastal soil. At present, it is generally believed that the biological measures are the most effective ways to 
improve coastal saline soil in all kinds of technical measures. Applying organic fertilizer can change soil physical prop-
erties, improve soil aggregates and increase crop yield in the process of improvement on saline soil. The application of 
organic fertilizer can also increase the activity and quantity of soil microbial, promote the migration and transformation 
of salts in the soil and reduce salt content [2, 3]. The coconut chaff with a variety of uses is mainly composed of cellu-
lose, hemicellulose and other natural polymer substances, belonging to the pure natural biomass medium, is a kind of 
renewable biomass resources containing potassium, calcium, nitrogen, phosphorus, magnesium and other nutrient ele-
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ments. However, researches on the improvement of coastal soil by the coconut chaff have not been reported. The objec-
tive of this study is to screen the biomaterials that can improve coastal soil and to determine the optimal application 
ratio. The results of this study will provide theoretical support for improving soil quality and promoting soil sustainable 
utilization. 

2. Materials and Methods 
The tested soil was collected from Nanxi Village (N 19°59.014′, E 110°37.453′), Wenchang City, Hainan Province. 

The soil belongs to loamy sandy soil and acid soil. Soil samples were taken from 0-20 cm tillage layer by applying five 
point sampling method. Samples were stored in a plastic bag and taken to the laboratory on the same day, the plant roots 
and stones were removed, and samples were passed through a 2 mm sieve after air drying. The tested coconut chaff was 
from Danzhou agricultural production base of Hainan University. The tested plant was water spinach. The pot experi-
ment was conducted in the greenhouse of Haikou experimental base of Chinese Academy of Tropical Agricultural 
Sciences from May to July in 2019. Five treatments were designed by mixing the coconut chaff and coastal soil in dif-
ferent volume ratios of 0:20, 1:20, 2:20, 3:20 and 4:20. Each treatment was repeated 3 times. The cultivation conditions 
and management methods of each pot were same. All the coconut chaff and air drying soil were directly mixed for 
planting water spinach under conditions without chemical fertilizer utilization, and watered one time a day. Ten plants 
with the same growth status were remained to observe in each pot after seeds sprouting. The potted soil samples were 
collected after the harvest of water spinach, passed through a 1 mm sieve after air drying to analyze the pH value, the 
contents of organic matter (SOM), total nitrogen (TN), available phosphate (AP), available potassium (AK) in soil, and 
passed through a 35 mesh sieve to measure the activities of soil urease (UE), catalase (CAT), acid phosphatase (ACP) 
and acid invertase (AI). All the soil physicochemical indexes were determined by reference to the agricultural industry 
standards. All kinds of soil enzyme activities were used Kit (Suzhou Branch Ming Biotechnology Co., Ltd., 
www.cominbio.com) to analyze. Descriptive statistics for estimation of means and standard deviations of samples were 
conducted using Excel 2010. Significant differences were analyzed by Duncan’s method. 

3. Results and Discussion 
Table 1 showed that the growth of water spinach was significantly promoted after adding the coconut chaff at 

1:20-4:20 in coastal soil. The average number of leaves per plant was increased by 11.3%-22.5% (P < 0.05). The aver-
age weight per plant was increased by 40.0%-47.5% (P < 0.05). The average root weight per plant was increased by 
106%-175% (P < 0.01). 

Table 1. Effects of coconut chaff on growth of water spinach in coastal soil 

Treatment Leaf number Plant weight (g/plant) Root weight (g/plant) 

0:20 7.1±0.3 c B 1.60±0.12 b B 0.16±0.02 b B 

1:20 7.9±0.5 b AB 2.24±0.58 a AB 0.36±0.07 a A 

2:20 8.2±0.2 ab A 2.33±0.16 a AB 0.33±0.08 a A 

3:20 8.7±0.4 a A 2.36±0.09 a A 0.44±0.09 a A 

4:20 8.7±0.5 a A 2.28±0.18 a AB 0.36±0.05 a A 

Note: Different lower case letters and upper case letters in each column indicate significant differences at P < 0.05 and P < 0.01, respectively. 

The pH value of coastal soil was obviously improved after adding the coconut chaff under the conditions without 
chemical fertilizer utilization (Figure 1). The pH value was 6.36 in coastal soil without adding the coconut chaff, be-
longing to acid soil. However, the pH values were 7.13-7.41 in the treatments with adding the coconut chaff ratios of 
1:20-4:20, belonging to neutral soil. The pH value of coastal soil was increased by 0.77-1.05 units after adding the co-
conut chaff. And the soil pH value was decreased with increasing of adding ratio of the coconut chaff in the treatments 
with volume ratios of 1:20-4:20. The results indicated that the pH value of four treatments with volume ratios of 
1:20-4:20 were significantly higher than that of the control treatment (P < 0.01). However, the differences among the 
three treatments with adding the coconut chaff ratios of 1:20, 2:20 and 3:20 were not significant (p > 0.05). 

The soil fertility can be reflected by the content of SOM. Figure 2(a) showed that the contents of organic matter were 
increased by 11.1%-28.1% after adding the coconut chaff at 1:20-4:20 in coastal soil. And which were increased with 
increasing of adding ratio of the coconut chaff in the treatments with volume ratios of 1:20-3:20, while slightly de-
creased in the treatment with adding the coconut chaff ratio of 4:20. The promoting effect of different treatments on the 
organic matter of coastal soil was 3:20 > 4:20 > 2:20 > 1:20. The results also showed that the SOM of three treatments 
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with volume ratios of 2:20-4:20 were significantly higher than that of the control treatment (P < 0.01). However, the 
differences among the three treatments with adding the coconut chaff ratios of 2:20, 3:20 and 4:20 were not significant 
(p > 0.05). 

 
Figure 1. Effect of coconut chaff on the pH value in coastal soil. 

The soil nitrogen is one of the most important nutrient elements on the growth and development of plants. Figure 2(b) 
showed that the contents of TN were increased by 31.3%-35.6% after adding the coconut chaff in coastal soil. The 
promoting effect of different treatments on the content of TN in coastal saline soil was 2:20 > 1:20 > 3:20 > 4:20. The 
results also showed that the contents of TN in four treatments with volume ratios of 1:20-4:20 were significantly higher 
than that of the control treatment (P < 0.01). However, the differences among the four treatments were not significant 
(p > 0.05). 

The influence of the content of AP and AK on the growth and development of plants is very great. Figure 2(c) 
showed that the contents of AP were increased by 13.0%-23.5% after adding the coconut chaff in coastal soil. And the 
promoting effect of different treatments on the content of AP in coastal soil was 2:20 > 4:20 > 3:20 > 1:20. The results 
also showed that the contents of AP in three treatments with volume ratios of 2:20-4:20 were significantly higher than 
that of the control treatment (P < 0.05). However, the differences among the three treatments were not significant (p > 
0.05). Figure 2(d) showed that the contents of AK were increased by 9.9%-44.8% after adding the coconut chaff in 
coastal soil. And the promoting effect of different treatments on the content of AK in coastal saline soil was 4:20 > 
3:20 > 2:20 > 1:20. The results also showed that the contents of AK in three treatments with volume ratios of 2:20-4:20 
were significantly higher than that of the control treatment (P < 0.01). 
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Figure 2. Effect of coconut chaff on nutrient contents in coastal soil. 

Soil enzyme is one of the most active parts of soil components. It is an important index for evaluation of soil fertility, 
and can reflect the status of soil quality and the ecological environment situation [4-6]. Soil enzyme activities play a key 
role in nutrients recycling, making them accessible to plants and microorganisms [7-9]. UE is closely related to the 
transformation of nitrogen in the soil, and can reflect part of soil productivity. Soil UE activity was used to characterize 
the nitrogen status of soil. Figure 3(a) showed that the UE activity of coastal soil was increased by 0.3%-15.1% after 
adding the coconut chaff in water spinach plantation under conditions without chemical fertilizer utilization. And the 
soil UE activity was increased with increasing of adding ratio of the coconut chaff in the treatments with volume ratios 
of 1:20-4:20. The result also indicated that the UE activity of treatment with volume ratios of 4:20 was significantly 
higher than that of the control treatment (P < 0.05). 

 

 
Figure 3. Effect of coconut chaff on the enzyme activities in coastal soil. 
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The CAT activity, which is related to soil respiration and soil microbial activity, can decompose the harmful hydro-
gen peroxide to water and oxygen during respiration, and reduce the harm of hydrogen peroxide to plants. Figure 3(b) 
showed that the catalase activity of coastal soil was increased by 18.7%-35.1% after adding coconut chaff in water spi-
nach plantation. And the soil CAT activity was decreased with increasing of adding ratio of coconut chaff in the four 
treatments with volume ratios of 1:20-4:20. However, the CAT activities in four treatments were significantly higher 
than that of the control treatment (P < 0.01). 

Phosphatase can decompose organic phosphorus compounds and provide effective phosphorus for plant growth. The 
soil phosphatase activity can be used to characterize the soil fertility status, especially the status of phosphorus [10]. 
Figure 3(c) showed that the ACP activity of coastal soil was slightly increased after adding the coconut chaff in water 
spinach plantation, but the promoting effect was not significant (p > 0.05). 

Soil invertase can break down sucrose which cannot be directly absorbed by plants into glucose and fructose. It plays 
an important role for increasing soluble nutrients in soil [11]. Soil invertase activity is often used to characterize soil 
maturation and fertility. Figure 3(d) showed that the AI activity of coastal soil was increased by 47.9%-157.8% after 
adding the coconut chaff in water spinach plantation. And the soil AI activity was increased with increasing of adding 
ratio of coconut chaff in the treatments with volume ratios of 1:20-3:20, while slightly decreased in the treatment with 
volume ratio of 4:20. The promoting effect of different treatments on AI activity of coastal soil was 3:20 > 2:20 > 
4:20 > 1:20 > 0:20. And the AI activities in the four treatments with volume ratios of 1:20-4:20 were significantly high-
er than that of the control treatment (P < 0.01). 

4. Conclusions 
The coconut chaff could not only improve the pH value, increase the contents of organic matter, total nitrogen, 

available phosphate and available potassium and enzyme activities of coastal soil, but also promote the growth of water 
spinach. Especially, the treatments with the addition ratios of 2:20-4:20 could significantly improve the soil pH value 
and increase the soil nutrient contents and enzyme activities (p < 0.05). This demonstrates that adding the coconut chaff 
in the right proportion can improve the physicochemical properties of the coastal soil and provide a favorable soil envi-
ronment for crop growth and achieve the purpose of improvement on coastal soil. 
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