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Abstract 
With the development of economy, the discharge of industrial wastewater in Huai 'an is 
increasing day by day. It is worth discussing whether a large amount of sludge can be 
used in the cultivation of horticultural crops so as to achieve the purpose of "turning 
waste into treasure". Pakchoi, commonly known as green vegetable, belongs to brassica 
of Cruciferous family and is a kind of vegetable widely planted in China. The growth 
process of pakchoi is susceptible to a variety of natural and human factors, among which 
soil condition is a very important factor. In this experiment, the soil in the school test 
field was used as the control group, and the sludge from two sewage treatment plants in 
Huai 'an was used as the experimental group. The soil breaking rate and external 
morphological data (plant height and leaf length) of pakchoi were observed and 
measured. The results showed that the sludge had no significant effect on the soil 
breaking rate of pakchoi (1 to 7 days), but significantly promoted the growth of pakchoi 
(1 to 21 days). The effect of sludge from different sewage treatment plants on the early 
growth stage of pakchoi was also significantly different. This experiment provides a 
theoretical basis for the application of sewage sludge in pakchoi planting. 
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1. Introduction 

In recent years, with the rapid development of Chinese economy, the discharge of industrial 
wastewater and living wastewater increased by it, which undoubtedly increased the pressure of 
sewage treatment plant. In recent years, the volume of sewage sludge in various areas of China has 
increased day by day. On the one hand, the sludge contains large amounts of heavy metals, which 
may inhibit the growth of horticultural crops. On the other hand, the sludge contains more nitrogen, 
phosphorus, potassium and other elements as well as a variety of trace elements, which can be used 
as plant nourishment and land optimization agent. Generally, after harmless treatment, industrial 
sludge contributes to the growth of plants and can be used in farmland and urban gardens [1]. 

At present, the traditional sludge treatment methods in sewage treatment plants are landfill, 
incineration and so on. These methods have some problems such as unreasonable utilization of sludge. 
Whether large amounts of sludge can be used as soil for horticultural crops is a question worth 
exploring. 

Pakchoi is a kind of vegetable planted widely in vast areas of China, among which the middle and 
lower reaches of Yangtze River as the main cultivation area, can produce annual production [2]. 
Pakchoi, commonly known as small green vegetable, is a common cultivated vegetable of Brassica 
in Cruciferae, and is also a biennial herb [3]. The plant shape of pakchoi is relatively short, its leaves 
are developed, the petiole is thick, large, juicy and there is no leaf wing, the overall shape is hugging 
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tube, the waist of the plant is inward radian and the base is relatively large, the overall shape of the 
plant is similar to "vase". The stem of pakchoi is erect, the basal leaf color from light green to dark 
green, generally 20-30 cm long and obovate. The basal leaves are rounded and whole at the apex, 
while the basal leaves are gradually inwardly narrowed until they have a broad stalk shape and a 
strong sense of luster. The inflorescences of pakchoi are racemes, terminal and conical in shape. The 
fibrous roots of pakchoi are dense and developed, with strong regeneration ability, and their roots are 
relatively shallow in the soil. The alluvial loam with high organic matter content and certain ability 
of water and fertilizer retention is the most suitable for the growth and development of pakchoi. The 
characteristics of pakchoi in cultivation can be summarized as follows: rapid growth rate, relatively 
easy cultivation and strong adaptability [4]. 

In the process of planting, the growth of pakchoi is easily affected by many natural factors and human 
factors, among which the soil condition is a very important factor. Pakchoi is easily affected by soil 
physical properties (such as particle size, bulk density,) and chemical properties (such as pH, humus, 
heavy metals,) and can promote or inhibit growth accordingly. The existing research results showed 
that the data of plant height, fresh weight and root length of pakchoi cultivated with sludge addition 
increased with the increase of sludge use, but showed a trend of decrease with the increase of sludge 
use. With the increase of sludge usage, the contents of potassium, nitrogen and phosphorus in the 
cultivated cabbage also tended to increase. With the increase of sludge usage, the contents of copper, 
zinc and mercury of the cultivated cabbage will also increase, and the increasing trend is copper > 
Zinc> Mercury. However, with the increase of sludge content, the increase of copper, zinc and 
mercury content in the late stage of cabbage will show a retarded trend, and the content of copper, 
zinc and mercury in the lower part of cabbage is higher than that in the above part. With the increase 
of sludge usage, the contents of organic matter and potassium fertilizer, phosphorus fertilizer and 
nitrogen fertilizer in the soil for pakchoi cultivation showed an increasing trend [5]. In quantitative 
application of biogas slurry on pakchoi yield and its influence to the soil property, the related study, 
found that the application of quantitative of biogas slurry makes pakchoi dry weight per plant and 
yield increase, and excessive use of biogas slurry can make pakchoi yield and plant dry weight 
decreased, soil organic matter content and arsenic content along with the increasing trend of applying 
biogas slurry content also increase accordingly [6, 7]. 

The effect of different soil conditions on the early growth of pakchoi was studied in this study. The 
soil in the campus experimental field was used as the control group, and the industrial sludge from 
different sewage treatment plants was used as the experimental group. The influence of contaminated 
soil on the early growth of pakchoi was studied through the significance analysis of the initial growth 
conditions of pakchoi planted on different soils. Therefore, it is explored whether a large amount of 
sludge from Huai 'an sewage treatment plant can be used as the soil for pakchoi growth, which 
provides a theoretical basis for the reclamation and utilization of sludge. 

2. Materials and Methods 

2.1 Soil 

The soil in the experimental field of Huaiyin Institute of Technology was used as the control group, 
the sludge from Huai'an No.1 sewage treatment plant was used as the experimental group 1, and the 
sludge from Huai'an No. 2 sewage treatment plant was used as the experimental group 2. 

2.2 Source of Pakchoi Seed 

Four seasons creamy pakchoi, bought by Taobao. 

2.3 Experimental Set‑up 

According to the long-term follow-up measurement of soil physical and chemical properties, two 
sewage treatment plants with large differences in sludge properties were found, and 50 L of sludge 
was collected as experimental group 1 and experimental group 2, respectively. At the same time, 50 
L of soil was collected from the experimental field of our school as the control group. Each 
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experimental group and control group were set three parallel, that is, each group used three planting 
pots, a total of 9 planting pots. After drying, the sludge and the soil of the control group were 
respectively loaded into corresponding planting pots. 

The soil in the planting basin was first carefully raked to make the soil thin and loose, and then the 
pakchoi seeds were evenly scattered in the planting basin with the number of 120 seeds per pot. 

2.4 Measurement of Pakchoi 

During the period of 7 days from sowing to the growth of pakchoi, the number of germination seeds 
was counted every day. The external morphological data (plant height, leaf length) were measured 
with a ruler at 7, 14, and 21 days of growth. 

2.5 Data Analysis 

SPSS 20 software was used to analyze the significance of soil breaking rate, plant height and leaf 
length between different experimental groups and the control group. 

3. Results 

3.1 Soil Breaking Rate 

The seeds of the two experimental groups and the control group showed no signs of germination on 
the first day, while the germination rate of the experimental group and the control group began to 
increase sharply on the third day, and the rising trend of germination rate tended to moderate on the 
fourth day (Table 1). On the seventh day of growth, the breaking rate of experimental group 1 (79.44%) 
was higher than that of control group (77.22%), while the soil breaking rate of experimental group 2 
(75.00%) was lower than that of control group (77.22%). Therefore, compared with the soil in the 
control group, the soil in the experimental group 1 could promote the germination and groundbreaking 
of pakchoi to a certain extent. However, the soil of experimental group 2 could inhibit the germination 
and groundbreaking of pakchoi to a certain extent. This indicates that the soil properties will directly 
affect the breaking rate of pakchoi. However, there was no significant difference between 
experimental group 1 and control group (p=0.694, > 0.05); There was no significant difference 
between experimental group 2 and control group (p=0.09, > 0.05), and there was no significant 
difference between experimental group 1 and experimental group 2 (p=0.199, > 0.05). This indicates 
that the difference of soil properties in a certain range has no significant effect on the germination 
and groundbreaking of pakchoi. 

 

Table 1. Soil breaking rate of pakchoi on the early stage 

Time (day) Control group Experimental group 1 Experimental group 2 

1 0.00±0.00 0.00±0.00 0.00±0.00 

2 0.00±0.00 0.00±0.00 0.00±0.00 

3 60.28±0.08 56.11±0.06 57.78±0.10 

4 71.11±0.05 70.00±0.03 65.00±0.08 

5 74.17±0.07 73.33±0.03 69.72±0.05 

6 76.11±0.08 76.94±0.04 73.61±0.05 

7 77.22±0.09 79.44±0.03 75.00±0.05 

3.2 Plant Height 

The results of plant height comparison and analysis of pakchoi in different experimental groups are 
shown in Figure 1. On the seventh day, the average plant height of pakchoi in experimental group 1 
(3.47 cm) and experimental group 2 (3.06 cm) was higher than that in control group (2.75 cm). On 
the 14th day of plant height test, the average plant height of pakchoi in experimental group 1 (5.45 
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cm) and experimental group 2 (4.40 cm) was higher than that in control group (3.83 cm). On the 21st 
day of plant height test, the average plant height of pakchoi in experimental group 1 (average 6.49 
cm) and experimental group 2 (average 5.27 cm) was higher than that in control group (average 4.49 
cm). Therefore, in the early stage of pakchoi growth, the growth of pakchoi in experimental groups 1 
and 2 was better than that in the control group. This indicates that sludge from sewage treatment 
plants as soil can promote the early growth of pakchoi. The results of significant difference analysis 
showed that the plant height of experimental group 1 was significantly different from that of control 
group (p=0.000, <0.01), the plant height of experimental group 2 was significantly different from that 
of control group (p=0.001, <0.01). The results showed that the sludge from sewage treatment plant 
could significantly promote the early growth of pakchoi. 

In the early stage of pakchoi growth (1 to 21 days), the cabbage in both experimental groups grew 
healthily, and the plant height gradually increased. On the 21st day, the average plant height of 
pakchoi in experimental group 1 was 6.49 cm, while that in experimental group 2 was 5.27 cm. The 
growth of experimental group 1 was always better than that of experimental group 2. The results of 
significant difference analysis showed that there was a significant difference in plant height between 
experimental group 1 and experimental group 2 within 21 days (p=0.000, < 0.01). This indicates that 
the physical and chemical properties of the sludge from different sewage treatment plants are different, 
which has a significant effect on the initial growth of pakchoi. 

In conclusion, the growth trend of plant height in the early growth stage of pakchoi was as follows: 
experimental group 1> The experimental group 2 > The control group. 

 

 
Fig. 1 The plant height of pakchoi during cultivation process 

3.3 Leaf Length 

The results of leaf length comparison and analysis of pakchoi in different experimental groups are 
shown in Figure 2. On the seventh day of pakchoi leaf length test, the average leaf length of 
experimental group 1 (3.47 cm) and experimental group 2 (3.06 cm) was greater than that of control 
group (2.75 cm). On the 14th day of pakchoi leaf length test, the average leaf length of experimental 
group 1 (5.45 cm on average) and experimental group 2 (4.40 cm on average) was still larger than 
that of control group (3.83 cm on average). On the 21st day of pakchoi leaf length test, the average 
leaf length of experimental group 1 (average 6.49 cm) and experimental group 2 (average 5.27 cm) 
was also larger than that of the control group (average 4.49 cm). During the initial growth of pakchoi 
(from 1 to 21 days), the length of pakchoi leaves in experimental groups 1 and 2 was always longer 
than that in the control group. The leaf length of pakchoi in experimental group 1 was significantly 
longer than that in control group (p=0.001, < 0.01); The leaf length of experimental group 2 was 
longer than that of control group, and the difference was significant (p=0.015, < 0.05). The results 
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showed that the soil sludge from sewage treatment plant could significantly promote the early leaf 
growth of pakchoi. 

In the early stage of pakchoi growth (1 to 21 days), the leaves of the two experimental groups 
gradually grew. On the 21st day, the average leaf length of pakchoi in experimental group 1 was 7.77 
cm, while that of experimental group 2 was 6.61 cm. The leaf length of experimental group 1 was 
always longer than that of experimental group 2. The results of significant difference analysis showed 
that there was a significant difference in leaf length between experimental group 1 and experimental 
group 2 within 21 days (p=0.002, < 0.01). This indicated that the physical and chemical properties of 
the sludge from different sewage treatment plants were different, which had a significant effect on 
the leaf growth of pakchoi at the early stage of growth. 

In conclusion, the growth of leaf length in the early growth stage of pakchoi was as follows: 
experimental group 1> experimental group 2 > the control group. 

 

 
Fig. 2 Leaf length of pakchoi during cultivation process 

4. Discussion 

In this experiment, the sludge from two sewage treatment plants in Huai 'an was used as the 
experimental group. The results showed that the breaking rate (1-7 days) of the two experimental 
groups was not significantly different from that of the control group, but it could significantly promote 
the initial growth of the pakchoi (indicated by plant height and leaf length). In the process of pakchoi 
cultivation, the yield of pakchoi increased with the increase of organic fertilizer application rate, but 
decreased after reaching a certain threshold of application rate. With the increase of the application 
rate of organic fertilizer, the contents of protein, chlorophyll, carotenoid and soluble sugar in pakchoi 
will increase accordingly, thus improving the commercial quality of pakchoi, while the excessive 
increase of the application rate of organic fertilizer will make the water content of pakchoi decrease 
accordingly [6]. In addition, the deep, fertile and loose neutral or weakly acidic sandy loam or alluvial 
loam is the most suitable for the growth and development of pakchoi [8]. In the random pot cabbage 
planting experiment study, the application of different fractions of sludge will also affect the physical 
and chemical properties of soil (organic matter, heavy metal content, etc.), and then affect the growth 
of pakchoi. The data of plant height, fresh weight and root length of pakchoi cultivated with sludge 
addition will increase with the increase of sludge usage, but will show a trend of decrease with the 
increase of sludge usage [9]. The results of this experiment are consistent with the results of the above 
literatures, which indicate that different soil physical and chemical properties can directly affect the 
growth of pakchoi. 

According to the data accumulated in the early stage, the sludge of the two sewage treatment plants 
contains a certain amount of heavy metals. However, in this experiment, both of the sludge promoted 
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the initial growth of pakchoi rather than inhibited it. Zeng et al. (2007) evaluated the influence of 
heavy metal pollution on the growth, physiology and biochemistry of pakchoi, and found that the low 
concentration of heavy metals in the soil had a small promoting effect on the growth of pakchoi, while 
the high concentration of heavy metals in the soil would significantly inhibit the growth of pakchoi 
[10]. Therefore, we speculate that the heavy metal content in the sludge used in this experiment is 
higher than that in the control soil, but it does not reach the concentration of inhibiting effect. 

The sludge in the sewage treatment plant is generally rich in organic matter, nitrogen, phosphorus 
and potassium. Without fertilization, the nutrient content of sludge should be higher than that of 
campus soil. In the process of pakchoi cultivation, organic fertilizer can improve the availability of 
K, P and N fertilizer in the soil, and also enhance the fertility retention of the soil. In addition, organic 
fertilizer can also improve the absorption rate of potassium fertilizer, phosphorus fertilizer and 
nitrogen fertilizer in soil, and improve the utilization rate of potassium fertilizer, phosphorus fertilizer 
and nitrogen fertilizer. Organic fertilizer can directly promote the growth of Chinese cabbage [11]. In 
the study on the effect of a certain amount of biogas slurry applied in soil on the yield and soil 
properties of pakchoi, it was found that the quantitative application of biogas slurry increased the 
yield and dry weight of pakchoi per plant, and the organic matter content and arsenic content of the 
soil used for pakchoi cultivation showed a corresponding growth trend with the increase of the 
application rate of biogas slurry in soil [5]. Therefore, we speculate that the abundant organic matter, 
nitrogen, phosphorus and potassium in the two kinds of sludge used in the experiment are important 
factors for the sludge to promote the initial growth of pakchoi. 
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