
128 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Europ. J. Hort. Sci. 80(3), 128–133 | ISSN 1611-4426 print, 1611-4434 online | http://dx.doi.org/10.17660/eJHS.2015/80.3.5 | © ISHS 2015

Evaluation of the soil ecological measure for overcoming 
replant disorder of strawberry
Z.J. You1 1, W. Guan2, H.P. Ma1 and Z.M. Liu1

1 Beijing Key Laboratory of New Technology for Agricultural Applications, College of Plant Science and Technology, Beijing 
University of Agriculture, Beijing, China

2 

Original article

What is already known on this subject? 
 It was previously shown that soil diseases, mineral 

could cause replant disease occurrence. Methyl bro-
mide and chloropicrin as soil disinfection to prevent 
strawberry replant disease is now limited in use 
because of their strong toxicity and harmful effects 
on human health and the environment. 

 The key to preventing the succession of cropping 
obstacles is to improve soil permeability and reduce 
harmful gas contents in soil. The ecological measure 
applied in this work can prevent the occurrence of 
strawberry replant disorder mainly due to improve 
the environment of rhizosphere soil, particularly 
increasing the soil permeability and the oxygen con-
tent. And it is safe to the environment and human life. 

What is the expected impact on horticulture?
 Replant disorder is a universal problem existing in 

horticulture. The main reasons of causing strawberry 
replant disease are interlinked with other horticul-
tural crops. So the solution of solving the replant 
problem of strawberry will be valuable in other hor-
ticultural crops, especially for vegetables.

   Summary
The objective of this study was to overcome 

strawberry replant disorder by improving the eco-
logical environment of the soil. Replanted straw-
berry soil was treated using an ecological technique 
(soil ecological optimisation technique, SEOT), a 
fermented biofertilizer which consists of cow dung, 
straw, antagonistic actinomycetes, and solar dis-
infection measure commonly used in strawberry 
production was used as a control. The results re-
vealed the changes in the soil micro-ecological en-
vironment after the ecological technique treatment. 
The microbial population was increased to plentiful 
levels in the soil and the ratio of bacteria plus acti-
nomycetes to fungal strains increased markedly. 
The former group became the dominant species 
in the soil. At the same time, soil aeration, oxygen 
content, porosity, water holding capacity, pH value 
and mineral contents were all improved compared 
with the control. Thus, the leaf photosynthesis and 
the root growth exhibited clear improvement. The 
growth and development of the strawberry plants 
proceeded normally in later periods. The ratio of 
high quality fruits was increased by 31.43%, while 
the yield increased by 40%, and the picking period 

the applied ecological optimisation measure (SEOT) 
was effective in overcoming strawberry replant 
disorder, mainly due to improve the environment 
of rhizosphere soil, particularly increasing the soil 
permeability and the oxygen content. 
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Introduction
In nature, plants are often exposed to multiple biotic 

and abiotic stresses, severely affecting their growth and 
development and reducing their productivity, as observed 
in replant disease. In recent years, with the rapid expan-
sion of greenhouse strawberry planting, the incidence of 
replant disease has been increasing, representing a se-
rious problem that causes major losses in the production 
of strawberries. Prevention and control of replant disease 
have become key issues restricting strawberry production 
(Shi et al., 2005). According to an investigation of straw-

berry production in Mancheng County of Hebei province, 
the incidence of replant disease in strawberry accumu-
lated to 55–92% in the second year of cropping increased 
to 90–100% in the third year and losses of 50%~90% and 
even zero yield were observed (Zhen et al., 2004, 2005). 
The causes of replant disease can be divided into several 
categories: soil diseases (Zhen et al., 2001); soil microbia 
(Wang et al., 2003) secreted toxic substances causing dete-
rioration of the soil ecological environment; and increases 

et al., 2005). Methyl bromide and chloropicrin have been 
used for soil disinfection (Shaw and Larson, 1999) to pre-
vent strawberry replant disease. However, the use of these 
compounds is now limited because of their strong toxicity 
and harmful effects on human health and the environ-
ment (Yan et al., 2012). With the increasing awareness of 
ecological agricultural techniques and the risk of environ-
mental pollution, people have begun to explore the use of 
pollution-free pesticides to reduce conventional chemical 
pesticide pollution in the environment (Yan et al., 2012). 
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Although there are several available methods for control-
ling replant disease in strawberry production (Gao et al., 
2004), these approaches present a diverse problems: such 
as high cost or decline of soil fertility, and do not achieve 
the desired effect (Miransari and Bahrami, 2009). In fact, 
the soil, together with soil microbes and plant roots, forms 
a complex microenvironment. The occurrence of straw-
berry replant disease is ultimately due to deterioration 
of the soil micro-ecological environment (Troelstra et al., 

micro-ecological environment using ecological optimisa-
tion measures to overcome replanted disease. We focus on 
improving the aeration of the soil, provide the basic condi-

and make the interaction between the soil biota and soil en-
vironment more harmonious, in order to effectively over-
come replant disease in strawberry. 

Materials and methods

Plant materials

a greenhouse where continuous cropping had been con-
ducted for 3 years. Strawberry runners were planted on 
August 25th each year. The examined cultivar was ‘Beni-
hoppe’ (  Duch. ‘Benihoppe’).

Trial design
Two treatments were implemented. (1) Solar soil dis-

infection (SSD), commonly used in strawberry produc-
tion, was performed as a control: on July 20th, before the 
strawberry runners were planted, the greenhouse was 
closed, and composted cow manure and fermented chicken 
manure were applied at rates of 9 m3/666.7 m2 and 7,500 
kg/666.7 m2, respectively. Adequate irrigation was pro-
vided, followed by covering the soil with a transparent 

to 40°C-50°C. These conditions were then maintained for 

removed, and after an additional 15 d, ridging and plant-
ing were performed. (2) The experimental treatment con-
sisted of application of a soil ecological optimisation tech-
nique (i.e., ecological measures, in short SEOT): treatment 
(1) plus cow dung : straw : F3 (F3 is an antagonistic actin-
omycetes, GenBank accession number is KC513424) chaff 
was applied as 1:1:0.04 ratio, mixed and fermented, after 
that was applied at a thickness of 10 cm on the planting 
ridge, followed by full mixing with the same thickness soil 
of ridge. Each treatment was repeated 3 times (with each 
experimental plot including 3 ridges, in a randomised block 
design); other management measures were the same as in 
treatment (1).

Investigated parameters and measurement methods
1. Determination of soil mineral elements. During the 
later growth period of strawberry (at the end of March), soil 

and 30 cm soil layers in each treatment and then mixed. Ap-
proximately 1 kg of each mixed sample was brought to the 
laboratory for analysis. Residual plant roots, leaves, stones 
and other debris were removed. After that the samples 
were dried and sifted with a 1 mm sieve, sealed in a plas-
tic bag and stored at 4°C. According to Bao (2000), alkali N 
contents were determined via the alkali solution diffusion 
method, while available P contents were determined using 

the sodium bicarbonate method, and available K contents 
were determined through ammonium acetate extraction 

tents of Fe, Zn and Cu were determined via atomic absorp-
tion spectroscopy.
2. Determination of soil microorganisms. Soil samples 
were collected at 60 d, 120 d and 180 d after strawberry 
planting. Three strawberry plants were randomly se-
lected from each treatment, from which the topsoil was 

rhizosphere soil samples were mixed and used for deter-
mining microbial numbers. For this purpose, the soil sam-
ples were diluted 10-3, 10-4, 10-5, 10-6 and 10-7 with sterile 
water and cultured respectively. Fungi were cultured on 
PDA medium, bacteria on beef-protein medium and actin-
omycetes on Gause’s medium. The culture plates were in-
oculated at a temperature of 28°C, and the culture times 

nomycetes. Each treatment was repeated 3 times, and ac-
cording to the number of colonies observed after culturing 
and growth, a 10-6 dilution was used for counting, followed 

et al., 1983; Chen, 1995; Zhen et al., 2007).
3. Determination of soil ecological indexes. The follow-
ing indexes were determined: soil oxygen, carbon dioxide, 
water holding capacity, organic matter content, pH, bulk 
density and porosity. Samples were collected as described 
in chapter of determination of soil mineral elements. Soil 
oxygen contents were determined with the method de-
scribed in National standard GB 7842-1987. Carbon diox-
ide determination was performed according to Hou (2012). 
The soil hygroscopic water was measured using the drying 

potassium dichromate and oil bath heating method (Bao, 
2000). The pH values were tested using a pH meter, and 

conducted using the proportion method.
4. Determination of the growth parameters and fruit 
quality of strawberry. During the later growth period 
of strawberry (late March), the chlorophyll content in the 
leaves was determined using the colorimetry method, and 
the photosynthetic rate was measured using a portable 

 LI-COR Com-
pany, USA). Leaf length and width and petiole length were 
measured with a vernier calliper. The runner numbers and 
the associated root systems were investigated from the 
different treatments. The soluble solid of berries was mea-
sured by a portable 
measured by portable hardness tester (FHM-1, China) for 
berries.

Statistics
All data in the experiments were repeated at least 3 

times for each treatment. All data analyses were performed 
using Excel, DPS7.05. 

Results

Effects of the ecological measure on gases and 
ecological indexes in soil

It can be seen from Figure 1 that the concentration of O2 
increased markedly, whereas CO2 decreased in soil treated 
with the applied ecological measures. Furthermore, as 
shown in Table 1, in both years the organic matter content 
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and soil porosity increased. While bulk density and hygro-
scopic water decreased in the soil treated using ecological 
measures. These show that the treated soil was improved 
in permeability, which led to increase the availability of 
water and fertilizer. Thus the soil fertility was improved 
in this study. The pH value is a basic property of the soil 
and it is an important factor affecting fertility. It directly 
affects the state, transformation and availability of soil 
nutrients as well as soil microbial activity, thus affecting 
plant growth and development. Most of the soil in the north 
of China is alkaline. However, strawberry growth generally 
requires slightly acidic soil. The pH value decreased in the 
soil treated with ecological measures (Table 1), whereas 
various mineral elements increased (Table 2). Therefore, 
the soil treated with the ecological measures applied here 
was more suitable for the growth of strawberry plants 
compared to the soil in the control treatment. 

Effects of the ecological measure on the microbial 
community in soil

Figure 2 shows the dynamic changes in the fungal, bac-
terial and actinomycete communities in the rhizosphere 
soil of the examined greenhouse strawberry plants. Com-
pared with the control solar disinfection treatment, the 
numbers of fungi, bacteria and actinomycetes all increased 
in the rhizosphere soil in the treatments involving ecolog-
ical measures, with bacteria and actinomycetes showing 
greater increases, and actinomycetes increasing particu-

These results indicated that the applied ecological mea-

of microorganisms, causing bacteria and actinomycetes to 
become the dominant population in soil.

Figure 1. Changes in O2 and CO2 in soil under different treatments. SEOT: soil ecological optimisation technique; SDS: soil 
disinfection by solar energy.

Table 1. Effects of the ecological measure on soil ecological indexes.

Time Treat-
ment

Organic content
(mg kg-1)

Bulk density
(g cm-3)

Soil porosity
(%)

Hygroscopic 
water (%)

pH 
value

5 cm 30 cm 5 cm 30 cm 5 cm 30 cm 5 cm 30 cm 5 cm 30 cm

2011-
2012

SEOT 88.87a 85.33a 1.18a 1.06a 55.61a 61.92a 0.48a 0.45 7.50a 7.68a
SDS 62.34a 74.75b 1.41b 1.42b 46.72b 46.60b 0.97b 0.98 7.66b 7.82b

2012-
2013

SEOT 88.89a 87.43a 1.14a 1.08a 54.66a 62.41a 0.45a 0.43 7.45a 7.60a
SDS 62.35a 73.47b 1.37b 1.40b 46.72b 47.24b 0.98b 0.95 7.63b 7.78b

-
P = 0.05.

Table 2. Effect of the ecological measure on the contents of elements in soil (mg kg-1).

Time Treat-
ment

Available N Available P Available K Fe Zn Cu
5 cm 30 cm 5 cm 30 cm 5 cm 30 cm 5 cm 30 cm 5 cm 30 cm 5 cm 30 cm

2011-
2012

SEOT 150.24a 175.31a 448.93a 412.66a 700.32a 997.26a 49.67a 40.16a 4.88a 4.61a 2.56a 2.38a
SDS 130.21b 150.19b 413.21b 401.91b 607.33b 859.72b 32.51b 31.22b 3.81b 3.69b 2.19b 1.88b

2012-
2013

SEOT 148.14a 172.72a 447.13a 413.30a 697.53a 994.12a 47.37a 38.00a 4.98a 4.69a 2.59a 2.43a
SDS 129.35b 151.23b 412.81b 402.01b 603.21b 850.19b 31.22b 29.98b 3.79b 3.59b 2.10b 1.80b

P = 0.05.
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Effects of the ecological measure on the contents of 
elements in soil

Table 2 shows that content of soil nitrogen, phosphorus, 

under the treatment involving ecological measures. Thus 
the soil conditions under this treatment favoured root de-
velopment as well as organic matter transportation and 
mineral ion absorption in the plants. The applied measures 
may play a role in two aspects related to increasing the con-
tents of mineral elements and nutrient availability in the 
soil. The contents of available N and available K were higher 
in the deeper layer of soil than the surface layer. The rea-
son for this result may be that these two elements are more 
easily absorbed by plants or move more rapidly with water 
and more in the deep soil. The content of other elements 
was higher in the surface layer of soil than the lower layer.

Effects of the ecological measure on the growth and 
development of strawberry plants and fruit quality

As can be seen from Table 3, the photosynthetic rate 
of the strawberry leaves were twice as high in the treat-
ment with the ecological measure compared to the solar 
treatment of the soil. Additionally, the chlorophyll content 
was increased, and leaf length and width as well as petiole 
length were enhanced. Finally, all of the above-mentioned 

indexes examined in the strawberry leaves were highly im-
proved under the treatment involving ecological measures 
compared with solar disinfection of the soil. Thus, the eco-
logical measures created a suitable soil environment for 
the growth of strawberry plants. Although petiole lengths 
do not necessarily represent high yields, they serve as a 
sign of plant vitality.

Increasing the number of fruits is the key to obtain high 
yield in strawberries. An increased number of rhizomes 
and growth stronger can increase the secondary fruit num-
ber. As can be seen from Table 4, the rhizomes number was 
greater in the strawberry plants in the soil treated with 
ecological measures than those in the soil subjected to so-
lar disinfection.

Table 4 showed that with the treatment involving eco-
logical measures strawberry root growth was stronger, 
more thick root number, less dead root number than that 
of the control in the late growth period of strawberry. This 
indicated that the ecological measure had good effects 
on strawberry growth. As can be seen from Table 5, after 
treatment using ecological measures, indexes related to 
strawberry fruit quality were clearly improved. The sugar 
content increased by approximately 10%, while the late 
high quality fruit rate increased by 31.43%, and the yield 
increased by 40%.

Figure 2. Changes in the microbial community in soil treated with different treatments. SEOT: soil ecological optimisation 
technique; SDS: soil disinfection by solar energy. 
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Discussion

Relation of the microbial community in soil and 
replant disorder

Previous research has shown that root disease caused 
by pathogenic fungi is an important characteristic of straw-
berry replant disease. The accumulation of pathogenic 
fungi that cause root rot in the rhizosphere and on root sur-
faces is a necessary condition for replant disease to occur 
(Zhen et al., 2005). Research has shown that soil planted 

-
eration, but not to bacteria and actinomycetes, and the in-
crease in the number of pathogenic fungi ultimately leads 
to the occurrence of replant disease (Zhen et al., 2007). The 
results of this study showed that the numbers of bacteria 
and actinomycetes increased markedly after the soil was 
treated with the tested ecological measure, relative to the 

ecological measure led properly to a higher diversity of the 
microbia in the soil and created favourable conditions for 
soil microbe proliferation. Furthermore, bacteria and acti-
nomycetes became the dominant population in the experi-
mentally treated soil, which serves as a biological index of 
the improvement of soil fertility (Zhen et al., 2005). 

Relation of the soil nutrition and replant disorder
Based on previous studies, a lack of nutrition is also a 

reason for the occurrence of replant disease (Zhong et al., 
2003; Li et al., 2005). According to our results of the pres-
ent study, the content of available mineral elements in the 

-
ment involving ecological measure. Thus, the soil condi-
tions under this treatment favoured root development as 
well as mineral ion absorption in the plants. The reason 
for this probably is the soil permeability increase, because 
good soil permeability can promote organic matter decom-
position and available elements release in the soil (Niu and 
Guo, 2010). In addition strawberry roots are shallow, they 
require greater amounts of inputs such as fertiliser, with 
the exception of this, still need a lot of water and O2. So the 
permeability of the soil may be even more important for 
the replant disease than the nutrition of soil. This can be 
proved by the process of strawberry cultivation when only 
provides effective NPK and other mineral elements and 
does not improve the replant disease.

Relation of the soil permeability and replant disorder
In this study, the ecological measure tested can prevent 

the occurrence of strawberry replant disorder. Because it 
is to improve soil permeability, e.g., the soil porosity, wa-
ter holding capacity and oxygen content increased. As we 
know strawberry roots are shallow, O2 is important for 

improved after the application of ecological measure.  

Table 3. Effects of the ecological measure on the growth of strawberry leaves.

Time Treatment Photosynthetic rate
(u mol m-2 s-1)

Chlorophyll content
(mg g-1)

Leaf length 
(cm)

Leaf width
(cm)

Leafstalk length 
(cm)

2011-
2012

SEOT 6.37 a 2.81 a 8.04 a 6.03 a 18.95 a
SDS 3.45 b 2.18 b 6.42 b 5.10 b 11.88 b

2012-
2013

SEOT 6.30 a 2.79 a 7.85 a 5. 90a 18.65 a
SDS 4.08 b 2.45 b 6.45 b 5.15 b 11.68 b

P = 0.05.

Table 4. Effect of the ecological measure on the growth of strawberry root.

Time Treatment Number of rhizomes 
per plant

Average root length 
(cm)

Dead root 
number

Normal root 
number 

2011-
2012

SEOT
SDS

6 a 29.6 a 1 a 34 a
4 b 24.3 b 9 b 18 b

2012-
2013

SEOT
SDS

6 a 30.1 a 1 a 33 a
4 b 24.9 b 8 b 19 b

P = 0.05.

Table 5. Effects of the ecological measure on strawberry fruit quality.

Time Treat-
ment

Soluble solids 
(%) (kg cm-2)

Fruit weight (g) High quality fruit rate (%) Yield
(kg 667 m-2)Early stage Late stage Early stage Late stage

2011-
2012

SEOT 11.1 a 0.47 a 31.5 a 19.2a 77.1 a 46.1 a 2220.2 a
SDS 10.3 b 0.46 a 25.4 b 17.4 b 66.3 b 35.2 b 1332.3 b

2012-
2013

SEOT 11.2 a 0.48 a 31.9 a 19.7 a 78.5a 47.4 a 2223.6a
SDS 10.2 b 0.46 a 24.4 b 17.2 b 65.6 b 34.7 b 1330.9 b

P = 0.05.
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So the plant growth, leaf photosynthesis and root growth 
all showed obvious improvement, especially in late stage, 
the growth and development of the strawberry plants con-
tinued to keep normal. Therefore, the fruit quality and yield 
increased, and the strawberry picking time was prolonged. 

The poor soil aeration, which leads to a series of unsuit-
able conditions in the plant growth environment such as 

causing increase in anaerobic microorganisms in the soil, 
decline in soil fertility, limitation of plant growth and re-
duced resistance and increased susceptibility of plants to 
nematode and pathogen infection (Zhen et al., 2004; Yan et 
al., 2012). Therefore, the key to preventing the succession 
of cropping obstacles is to improve soil permeability and 
reduce harmful gas contents in soil. Maintaining a good 
balance regarding biological systems and the ecological en-
vironment in soil is also of great importance in this regard. 

We can conclude that the ecological measure applied 
in this work can prevent the occurrence of strawberry re-
plant disorder mainly due to improve the environment of 
rhizosphere soil, particularly increasing the soil permea-
bility and the oxygen content, provide the basic conditions 

make a good environment for strawberry growth.
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