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Abstract

Lanzhou lily (Lilium davidii var. unicolor) is the only edible lily in China and it is a kind of narrow distribution endemic
species and cultivated under monoculture and continuous system, which result in soil degradation and severe consecutive
replant problems (CRPs). In this experiment, we investigated the soil physicchemical properties, microbial numbers, soil
enzyme activities and yield in 20 sample fields with 0,3,6 and 9 years of replanting. The result showed that Continuous
cropping significantly changed soil physiochemical properties and enzyme activities at the harvesting stage. By extending the
period for replanting, the soil pH, salt content and organic matter increased significantly (p<0.05), while soil water content
decreased significantly. The soil nutrient indexes such as Alkali-hydrolyzable nitrogen and available phosphorus also increased
significantly while available potassium decreased. Moreover, the soil urease activities and phosphatase activities greatly
improved, while hydrogen peroxidase and sucrase activities decreased with the continuous cropping. Generally, soil bacteria
number decreased significantly, while soil fungi increased significantly, and the highest fungi/bacteria were recorded in the 9-
year treatment. However, the highest actinomycetes numbers was recorded in 3-year and 9-year treatments. Continuous
cropping also changed bulb yield and the yield components significantly, as well as deteriorated the bulb quality and storability.
With prolonged replanting years, mother bulb weight and baby bulb numbers decreased, and the yield in 9-year treatment
decreased significantly by 18.03% compared to 0-year treatment. These results demonstrated that soil transformation from a
bacterial type to a fungal type, soil water-holding capacity decrease, soil salinization, especially excessive accumulation of
available phosphorus played important role in soil degradation and yield decline under long-term continuous cropping. These
results also suggest that some management practice such as soil disinfection, beneficial microorganism or bio-organic fertilizers
usage, as well as decreasing phosphorus fertilizer input could help in maintain the soil quality and improve the yield and quality
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of Lanzhou lily in fields with more than 6 years of replanting.
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Introduction

Lanzhou lily (Lilium davidii var. unicolor) is the only
edible lily in China and it is commonly cultivated in the
hilly region (2000-2600m above sea level) of the central
Gansu Province, which belonged to the arid area in western
China. The unique climate in the region gives the lily a
special sweet taste and quality; hence, it is popular in
southern China, Korea and Japan. As a result of the high
economic value of the crop and limited land for crop
cultivation, the crop is commonly put under long term
continuous cropping system which result in soil
degradation and severe consecutive replant problems
(CRPs). The very obvious adverse effect of this system on
the crop is declining yield and poor quality of the harvested
produce. In order to overcome this problems, local famers
usually apply high amounts of organic fertilizers yearly to
maintain the fertility of the soil. This, however, has not
been able to improve the situation as farmers continuously
obtain lower yields with poor quality produce.

Soil microbial activities are important to sustainable
agriculture  because microbes can mediate many
biochemical processes that support agricultural production.
These processes include recycling of plant nutrients,
maintenance of soil structure and degradation of
agrochemicals (Lanzen et al., 2013). Consequently, its
abundance, diversity, and composition are sensitive to the
changes in land use and management. Therefore, these can

be been considered as early indicators of change in the
quality of soil ecosystems (Castellanos et al., 2009; Trivedi
et al., 2016). The activities of soil microbes are also closely
related to plant species, as well as the soil type and soil
management practices (Berg & Smalla, 2009). Replanting
is reported to influence root physiology and the quality and
quantity of root exudates; consequently, these changes
exert a selection on root-associated microorganisms (Wu et
al., 2015; Zhang et al., 2016). Many reports revealed the
negative effects of soil microbes on plant growth and yield
and discussed some important bacterium and fungi
communities related to crop CRPs (Franke-Whittle et al.,
2015; Xiong et al., 2015; She et al., 2017). For instance,
with increased years of replanting wheat, soybean, potato,
peanut and leek, populations of beneficial bacteria and
actinomycetes in plant rizosphere decreased significantly,
while harmful soil fungi increased significantly (Sun et al.,
2001; Li et al., 2006; Li, 2006; Wang et al., 2010; Qin et
al., 2017). Consequently, the microbial population structure
becomes unbalanced with harmful microorganisms such as
Fusaria and Mortierella, providing negative effect on plant
root growth (Wang et al., 2012). For Lanzhou Lily, we
identified five pathogenic fungi (including Fusarium
oxysporium) which caused the lily wilt (a kind of soil-borne
disease) in field sunder long term continuous cropping
(Bian et al., 2016). In addition, soil enzymes play very
important role in material cycle and energy conversion in
the soil ecosystem (Qiu et al., 2011), and they can serve as
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important indicators for measuring the movement and
strength of various soil biochemical processes (Rasool et
al., 2014). However, some reports revealed that enzyme
activities can be restricted with continuous cropping, but
the case was complex (Zhang et al., 2008; Liu et al., 2010;
Miao et al., 2016).

Being a narrow distribution crop, there are only fewer
reports related to Lanzhou lily CRP (Bian et al., 2016;
Chen et al., 2016), and these reports mainly focused on
the lily soil-borne disease and autotoxin city problems
(Wu et al., 2015; Bian et al., 2016). The objectives of this
research were: (1) to determine the effect of length of
continuous cropping of Lanzhou lily on soil microbial
community characteristics, soil physical and chemical
properties and enzyme activity; (2) to determine the
factors that influences the rate of changes that occur in the
soil under long term continuous cropping of Lanzhou lily.

Materials and Methods

Field description and soil sampling: The experiment
was conducted at Baoliashan village, Lintao county,
Gansu province (western China, 103°53'12" ~
103°53'14"E, 35°49'11"~35°49'13"N, 2330m elevation).
The soil is locally known as Huangmian soil and it has a
deep soil layer, high water—storage capacity, pH 7.8 and
organic matter, 13g.kg-1. The site has been utilized for
the cultivation of Lanzhou lily for over 140 years.

Because Lanzhou lily is grown for 3 years before
harvest, we designed the experiment with 4 treatments as
follows: O-year (never crop lily), 3-year (crop lily for3
year), 6-year (monocrop lily for 6 year), 9-year (monocrop
lily for 9 year). After investigation focused on its planting
history and soil properties and spatial variation, four types
of 20 sampling sites were chosen (five sampling sites for
each treatment) and 66 m* (11mx6m) was chosen as one
plot in each sampling site. The lily was planted with
density of 0.30mx0.15m per plan let in March 28, 2016
(the bulblet seed was about 17+2g) and managed by
traditional agricultural practices in this region with high
organic fertilizer ( composed sheep or chicken manure
30m3/ha each year) and without irrigation.

Soil sample collection: Within each plot, soil samples
were obtained from within the root zone of the sampled
plants. Then, the rhizosphere soils were gently mixed
together in each plot. All the samples were transferred to
the lab for further measurements.

Microbial community assay: This was conducted at four
stages: seedling stage (June 10, 2016), flowering stage
(July-18, 2016), capsule formation stage (September-1,
2016) and harvesting stage (Octbor-15, 2016). The
bacteria were cultured in a beef extract peptone medium,
the fungi were cultured in a Rose Bengal medium
Bangladesh red medium, and actinomycetes were cultured
in a Gauze medium high-growth medium. The plate
counting method was used to determine the amount of
soil microorganisms.

Soil physical and chemical properties and soil enzyme
assay: This was done at the harvesting stage (Octbor-15,
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2016). Soil physiochemical property assay was based on the
following methods: soil pH value was measured by portable
pH meter (Model: HANNA HI18314) according to V soil: V
water = 1: 5; EC value was measured by Shanghai Ray
magnetic conductivity meter DDS-307A; Bulk density was
measured by the cutting ring method; Salt content was
measured by drugs drying-Quality method, Water content
was measured by oven-drying method; Organic matter was
measured by potassium dichromate method; Alkali-
hydrolyzable nitrogen was measured byalkali-diffusion
method, Available phosphorus was measured by Mo-Sh
colorimetric method, Available potassium was measured by
flame photometry method. Partially data were described in
our published work (Shi et al., 2020).

Soil enzyme assay was based on the following
methods: Hydrogen peroxidase activity was determined
using KMnO4 titration method; Urease activity was
measured using phenol sodium hypochlorite colorimetric
method; Alka line phosphatase activity was measured
using disodium phenyl phosphate colorimetric method,
and Sucrase activity determined using Dinitrosalicylic
acid colorimetric (DNS) method.

Yield determination: The yield was measured in October
15th, 2016. Twenty (20) plants were randomly selected
and the yield was estimated by the planting density. Yield
components were also assessed using these twenty tagged
plants for each treatment plot.

Data analysis: Microsoft Excel 2010 software was used
for raw data processing and charting. Analysis of variance
was performed using SPSS 19.0 statistical software.
Significant difference was detected using Duncan’s
multiple comparison method (p<0.05).

Results

Continuous cropping effects on soil physical and
chemical properties in Lanzhou lily: Continuous
cropping years affected soil physical and chemical
properties (Table 1). Comparison of the 9-year treatment
with O-year treatment, soil pH significantly (p<0.05)
increased to 7.99+0.06, an increase of 2.96%. By
comparing the 6-year and 9-year treatments with O-year
treatment, the soil salt content increased significantly by
66.67% and 108.33%, respectively, while the soil water
content decreased significantly by 9.66% and 17.19%,
respectively. However, no significant difference in soil
bulk density was recorded among all the treatments.

Continuous cropping years also affected soil nutrient
content (Table 1). The results showed that in the6-yearand
9-year treatments, the soil organic matter increased
significantly by 11.58% and 25.28%, over the O0-year
treatment, respectively. In addition, the soil alkali-
hydrolyzable nitrogen increased significantly by 26.72%
and 27.76%, over the O-year treatment, respectively.
Moreover, soil available phosphorus increased significantly
by 105.68% and 122.22%, over the O-year treatment,
respectively. However, soil available potassium decreased
significantly by 13.38% and 27.69%, respectively, when
compared with the O-year treatment.
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Continuous cropping of Lanzhou lily affects soil
enzymes activities: Continuous cropping years affected
soil enzyme activities (Fig. 1). Soil hydrogenate peroxidase
and sucrase activities decreased gradually with replanting
years, while urease and alkaline phosphatase activities
increased gradually. The 6-yearand 9-year treatments
decreased soil hydrogenate peroxidase activity significantly
by 32.82% and 47.10%, respectively compared with the 0-
year treatment. By comparing the 3, 6and 9-year treatment
with the O-year treatment, soil sucrase activity decreased
significantly by 10.26%, 16.77% and 30.97%, respectively.
In addition, soil alkaline phosphatase increased
significantly by 12.12%, 19.70% and 36.36%, respectively.
However, soil urease activity those treatments increased
significantly by 11.44%, 17.30% and 24.93%, compared
with the 0-year treatment.

Continuous cropping effects on soil bacteria and fungi
in Lanzhou lily: The soil bacteria populations were
affected by long term continuous cropping of Lanzhou lily
(Fig. 2): From seedling stage to harvesting stage, bacterial
numbers decreased with increase in the years of continuous
cropping. At the four growth stages, compared with o-year
treatment, bacterial numbers in the 6-yeart treatment
decreased significantly (p<0.05) by 19.09%, 26.55%,
31.77% and 26.83%, respectively. Similarly, bacterial
numbers in the 9-year treatment also reduced significantly
by 33.06%, 46.51%, 31.77% and 40.73%, respectively.
However, no significant difference was observed between
the 6-year treatment and 9-year treatment. Moreover, in
every treatment, the maximum bacterial numbers were
observed during the flowering stage.

The soil fungi populations were affected by long term
continuous cropping of Lanzhou lily (Fig. 3). From the
seedling stage to harvesting stage, fungi numbers
increased with increase in number of years of continuous
cropping. At the four growth stages, compared with O-
year treatment, fungi numbers increased in the 6-year
treatment significantly (p<0.05) by 39.29%, 135.71%,
106.06%, and 123.18%, respectively. Similarly, fungi
numbers in 9-year treatment also increased significantly
by 157.14%, 224.11%, 158.33% and 167.55%,
respectively. Moreover, significant difference was
observed between the 6-year treatment and 9-year
treatment. And the maximum fungal numbers were
observed in the flowering stage in every treatment.

The actinomycetes populations were affected by long
term continuous cropping of Lanzhou lily (Fig. 4): From
the seedling stage to harvesting stage, compared with the
0-year treatment, actinomycete numbers in the 3-year
treatment significantly (p<0.05) increased firstly, then
decreased in the 6-yeartreatment, and increased again in
the 9-year treatment. Moreover, in every treatment, the
maximum actinomycetes numbers were observed during
the flower stage.

Continuous cropping effects on yield and vyield
components of Lanzhou lily: Long term continuous
cropping affected the yield and yield components of
Lanzhou lily (Table 2). After one year of growth, mother
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seed grew bigger into big mother bulb and produced
several baby bulb son its side (the mass <1 g/baby bulb).
With the increase of continuous cropping years, mother
bulb weight, baby bulb numbers and yield gradually
decreased. In comparison of the 3-year treatment with 0-
year treatment, these three indexes did not decrease
significantly. However, by comparing the 6-year and the
9-year treatments with the 0-year treatment, mother bulb
weight decreased significantly (p<0.05) by 15.54% and
18.02%, respectively, and the baby bulb numbers also
decreased significantly by 37.71% and 44.92%,
respectively. Thus, the yield decreased significantly the
yield in 9-year treatment decreased significantly by
18.03% compared to O-year treatment. Moreover, dry
matter of mother bulb also decreased with increasing
years of replanting.

Meanwhile, continuous cropping also affected bulb
diameter. By comparingthe3 and 9-year treatments with
0-year treatment, the horizontal diameter of mother bulbs
decreased significantly by 5.07% and 10.89%,
respectively (p<0.05), while the vertical diameter did not
change significantly. Thus, the spherical index decreased
with replanting years.

Correlation analysis on the soil microbe, enzyme activity
and physicochemical properties: Some  soil
physicochemical properties indexes dynamics related to the
change of microbial numbers and soil enzyme activities
(Table 3). Bulk density significantly (p<0.05) and negatively
correlated with fungi numbers urease activity and alkaline
phosphatase activity, but positively correlated with
hydrogenate peroxidase activity and sucrose activity. Water
content so significantly and negatively correlated with fungi
numbers, fungi/bacteria, urease activity, alkaline phosphatase
activity. It, however, correlated positively with bacteria
numbers, hydrogenate peroxidase activity and sucrose
activity. The pH significantly and negatively correlated with
sucrose activity, but positively correlated with urease
activity, alkaline phosphatase activity. However, there was
no significant correlation with fungi numbers and bacteria
numbers. Salt content significantly and positively correlated
with fungal numbers fungi/bacteria, alkaline phosphatase
activity, but negatively correlated with bacteria numbers,
hydrogenate peroxidase activity and sucrose activity.

Moreover, some soil nutrition indexes dynamics also
related to the shift of some microbe and enzyme activity
indexes (Table 2): Organic matter content significantly
and negatively correlated with hydrogenate peroxidase
activity and sucrose activity, but positively correlated
with  fungal numbers, fungi/bacteria and alkaline
phosphatase  activity.  Alkali-hydrolysable nitrogen
significantly and negatively relevant to hydrogenate
peroxidase activity; Available phosphorus significantly
and negatively correlated with hydrogenate peroxidase
activity but positively correlated with urease activity.
Available potassium significantly and negatively
correlated with fungal numbers, fungi/bacteria, urease
activity, alkaline phosphatase activity and positively
correlated with hydrogenate peroxidase activity and
sucrase activity.
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Fig. 1. Soil enzyme activities under long term continuous cropping of Lanzhou lily at harvesting stage.

a
Aa\b

bc

I :

0-year

C

3-year

6-year

9-year

a
a
b
I |

0-year

3-year

6-year

9-year

Number of bacteria (106 CFU g dry soil)

Number of bacteria (106 CFU . gdry soil)

7
6

5

SN

w

N

[E=y

B
a
a
b
I i

0-year 3-year 6-year 9-year

D
a a
b
I i

0-year 3-year 6-year 9-year
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Discussion

It is reported that the change in soil microbial
community is regarded as one of the main factors of CRP
(Larkin 2008).This experiment showed that with
extension of replanting period of Lanzhou Lily, the root
rhizosphere fungi numbers increased and the bacteria
numbers decreased significantly (Figs. 2, 3.). This finding
agreed with some previous reports (Alvey et al., 2001;
Sun et al., 2001; Ma et al., 2004; Li et al., 2006; Li 2006;
Wang et al., 2010; Qin et al., 2017), which also detected
the microorganism numbers on medium and the results
revealed that with cereal, wheat and vegetables long-term
continuous cropping, the soil fungi harmful to root
rhizosphere increased, while bacteria and actinomycetes
beneficial to plant roots decreased significantly. Thus, the
soil microbe shifted from bacteria type to fungi type.
However, our experiments showed that the dynamics of
soil actinomycetes has not the similarity as it is
demonstrated in cereal and potato continuous cropping
(Alvey et al., 2001; Qin et al., 2017) (Fig. 4.).

Crop cultivation is known to generally reduce the
amount of soil organic matter and replanting reduce it
sharply, thus reducing nutrient availability (Sun et al., 2015;
Trivedi et al., 2016), but for Lanzhou lily, the case was
different, because from 0 years to 9 years replanting, the soil
organic matter increased from 13.96 to 16.55 g - kg-1 (Table
1). This crop is cultivated perennial, and before harvest, its
leaf and stem died at winter and stayed in the field without
any cleaning practice. On the other side, being the lily is very
sensitive to chemical fertilizer input, the soil was managed
by in putting organic fertilizer to maintain its productivity
(composed sheep or chicken manure 30m3/ha each year).
Thus, the soil organic matter increased under long term
replanting years. Some reports mentioned that under long-
term monocropping, organic fertilizer treatment causes a
shift in bacterial community structure and increase in
bacterial diversity and abundance in comparison to long-term
use of chemical fertilizer by high-throughput sequencing
(Chaudhry et al., 2012; Kelderer et al., 2012). There are lots
of bacterium in the soil, we only detected the culturable
bacterium on beef extract peptone medium, but in the soil,
there are much more bacteria which cannot be cultured on
medium. So, it is necessary to make further study on the
microorganism dynamics in this replanting system.

Soil moisture holding capacity decrease is another
important factor related to the lily replant soil degradation.
It is very interesting that although the soil organic matters
significant increased and buck density in significant
decreased with replanting years, water content in
significantly decreased (Table 1). However, Pearson
correlation analysis demonstrated that it significantly
negative relevant to fungi numbers and positive relevant to
bacteria numbers (Table 3). Thus, we believe that water
content is a one of the main factors to drive the soil
microbe shifted from bacteria type to fungi type. This result
agreed with recently published report which demonstrated
that soil moisture was one of important factors for
explaining bacterium and fungi community structure
variations by comparing the microbial communities in
conventional tillage with reduced tillage (Degrune et al.,
2017). Soil pH has also been reported as a predictor of
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bacterial community structure (Lauber et al., 2009; Trivedi
et al.,, 2016). Our team identified five Fusarium sp. As
Lanzhou Lily wilt pathogens and proved that the medium
pH 8 was optimum for the fungi hypha growth and spore
germination (our research result, not published). In this
study, the soil pH value increased from 7.76 inO-year
treatment to 7.99 in9-year treatment (Table 1). Thus, it is
speculated that with the lily replanting, the increase value
of soil pH enhanced the pathogenic propagation and
affection, therefore aggravates the occurrence of wilt
disease. However, because suitable pH for Lanzhou lily is
lower than 8.2, the soil pH is still optimum for the Lily
growth after nine years of replanting. Lily replanting also
resulted in the soil salt content accumulation, which agree
with the previous reports of replanting problems related to
many vegetables cultivated with plastic film mulching
(Chen et al.,, 2014; Yu et al., 2015). It is generally
considered that the soil secondary salinization occurs when
the soluble salt content is 1.0-3.0 g/kg, and Lanzhou Lily is
very sensitive to salt stress (Zhao et al., 2008).The salt
content reached 1.08+0.08 g/kg after nine years of
replanting (Table 1). So we conclude that lily soil might be
salinized for long-term replanting.

These results also showed that the impact of crop
replanting on soil enzymes activities is complex and the
their responses might be caused by differences among
plant species, monoculture time span and cropping
practice. It is generally regarded that soil alkaline
phosphatase, sucrose, urease and hydrogenate peroxidase
reduced when the crop (potato, peanut and foxtail millet)
replanting years is long enough and the continuous
cropping problems were observed (Sun et al., 2001; Wang
et al., 2010; Miao et al., 2016; Qin et al., 2017). But our
results indicated that with continuous cropping, both
hydrogenate peroxidase and sucrase activities decreased,
while soil urease and alkaline phosphatase activities were
greatly improved (Fig. 1). It is reported that in garlic
replanting system, 5-10 years of replanting increased the
rhizosphere soil urease and phosphatase activities, but in a
long period of time (from 15 to 20 years), these two
enzyme activities decreased significantly (Liu et al.,
2010). Moreover, another report about Chinese Chives
demonstrated that with 5-20 years replanting , these two
enzyme activities decreased (Wang et al., 2010). Lanzhou
Lily, garlic and Chinese chives are classification as allium
vegetables with fleshy root and was perennial cultured. So
our result may be explained that for Lanzhou lily, 9 years
replanting is not long enough to result in the decrease of
these two soil enzymes activities.

Based on the data of soil basic fertility and the
fertilization scheme demonstrated in the reference about
Lanzhou Lily fertilization scheme in this main production
region (Huang 2007; Lin et al., 2011; Lin & Luo, 2011),
we calculated the suitable soil nutrient requirements
following: available nitrogen 90-100 mg/kg, available
phosphorus 37 mg/kg and available potassium 200 mg/kg.
Our experiments indicated that during 9 vyears of
continuous cropping, the Lily soil alkalized nitrogen was
still lower than its nutrient requirement, and the soil
available potassium began to fall and below the nutrient
requirement. But the soil available phosphorus greatly
accumulated, which was 2 times morein 0-year treatment
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and 6 times more in 9-year treatment compared to the
suitable nutrient requirement. Both the insufficient nitrogen
and potassium can be supplemented by fertilizing, while
much more abundant phosphorus in replanting soil
hardlydecrease. In this area, farmers often mix phosphorus
fertilizer and organic fertilizer together (50-75 calcium
superphosphate (P.0s content: 12%)/ perM3 sheep or
chicken manure) without any microbial inoculum, this may
be the reason of high available phosphorus accumulation in
this replant system. Therefore, we believe that phosphorus
accumulation is another important factor on the lily soil
nutrition degradation after long-term replanting.

Conclusion

Long-term continuous cropping of Lanzhou lily
decreases the yield by decreasing mother bulbs weight, as
well as the baby bulbs numbers. It also decreases the
quality of the produce by decreasing the dry matter content,
increasing the water content, and thus, deteriorates the food
quality of the produce. These results demonstrated that soil
transformation from a bacterial type to a fungal type, soil
water-holding  capacity decrease, soil salinization,
especially excessive accumulation of available phosphorus
played important role in soil degradation and yield decline
under long-term continuous cropping. These results also
suggest that some management practice such as soil
disinfection, beneficial microorganism or bio-organic
fertilizers usage, as well as decreasing phosphorus fertilizer
input could help in maintain the soil quality and improve
the yield and quality of Lanzhou lily in fields with more
than 6 years of replanting.
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