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ABSTRACT: Toxic metals contamination of soil has become a serious problem in recent years. In this study, Chinese cabbage (a relatively
high-accumulator of cadmium (Cd)) and cabbage (a relatively low-accumulator of Cd) were cultured in monoculture and in intercropping
in the Cd-contaminated soil, to evaluate the effect of intercropping on the alteration of Cd extraction. Both the pot experiments and field
experiments indicated that intercropping increased the Cd extraction by Chinese cabbage and decreased the Cd extraction by cabbage. Thus,
Cd extraction was advanced while safe production was obtained. Further pot experiment was conducted to investigate the alterations of soil Cd
fractions, soil pH, and soil enzyme activities to reveal their possible relationship with Cd extraction between different planting patterns. Results
revealed that three individual Chinese cabbages in one intercropping pot played the same effect on alteration of these factors as six individual
Chinese cabbages in one monoculture pot. The intercropping increased Cd extraction by Chinese cabbage and decreased Cd extraction by
cabbage, probably by influencing mechanisms such as soil enzyme activities (especially the urease activity) in the cultivation system. Effect of
intercropping on Cd accumulation is an important issue in cultivation of vegetables in potentially contaminated land.

Key words: toxic metals, vegetables, phytoextraction, safe production.

Extracdo de cadmio no solo em repolho chinés e consorciacio de repolho

RESUMO: 4 contaminagado do solo por metais toxicos tornou-se um problema grave nos ultimos anos. Neste estudo, dois tipos de repolhos,
o repolho chinés (maior acumulador de cadmio (Cd)) e o repolho comum (menor acumulador de Cd) foram cultivados em monocultivo e em
consorcio, em solo contaminado com esse metal, para avaliar o efeito do consorcio na extragdo de Cd do solo. Os experimentos em vasos
de campo indicaram que o consorcio aumentou a extragdo desse metal pelo repolho chinés e diminuiu a extragdo pelo repolho comum.
Assim, aumentou a extragdo de Cd do solo, proporcionando seguranga alimentar. Outro experimento em vaso foi conduzido para investigar
as alteragées das fragées de Cd do solo, o pH do solo e atividades enzimaticas do solo, para revelar possiveis efeitos na extra¢do desse
metal entre os sistemas de plantio. Os resultados do experimento em vaso revelaram que trés repolhos da china, em cultivo consorciado,
proporcionaram o mesmo efeito nessas varidveis, que os observados com seis plantas desse tipo de repolho, em monocultura. O consércio
influenciou as fragées de Cd do solo devido a maior influéncia das hortalicas no pH do solo e nas atividades enzimdticas (especialmente a
urease), resultando maior extrag¢do de Cd pelo repolho chinés e menor pelo repolho comum.

Palavras-chave: metais toxicos, produtos horticolas, fitoextragdo, seguranca alimentar.

INTRODUCTION

The global industry has developed
drastically since the last century, with a large amount
of toxic metals released into the environment. Toxic
metals cause serious environmental pollution and
compromise human health. Research data from the
Country Resource Department of China in 2009
showed that more than 10% of plantation land had
been contaminated by toxic metals. Crops harvested
from the contaminated soil contain excess toxic

metals which may subsequently enter the human body
through food chain, resulting in serious human health
concerns (JAISHANKAR et al., 2014.; FASAHAT,
2014.; REN et al., 2003). Cadmium (Cd) is one of
the toxic metals which threatened both environment
and human health. Researches confirmed that Cd
exposure causes damage to the kidneys, and long-
term exposure will damage the skeleton (JARUP,
2003). Because toxic metals pollution is not
removable and is difficult to identify, the remediation
process is extremely time-consuming, resulting in
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even more deleterious effects. Thus, it is urgent to
develop methods of remediation of contaminated
soil or decrease Cd extraction by crops for safe food
production in contaminated soil.

Agricultural intercropping is often used to
increase harvest, efficient use for nitrogen, and anti-
disease ability (YUAN et al., 1998; SZUMIGALSKI
etal.,2006; DAMICONE etal., 2007). Moreover, data
from other studies has indicated that intercropping
also influence toxic metals extraction. For example,
corn intercropped with legumes can significantly
reduce the Pb content of soil (HUANG et al., 2006).
Rice and wheat intercropped resulted in decreased
uptake of Cd in shoots of rice (LI' et al. 2004; WU
et al., 2003; XIN et al. 2017). Thus, intercropping
of diverse plant species may alter the toxic metals
extraction ability, resulting in enhanced remediation
of contaminated soil or decreased extraction of toxic
metals by crops to gain safe food production.

In this study, Chinese cabbage and cabbage
which are common in the Yangtze River Delta were
selected to evaluate the alteration of Cd extraction
between monoculture and intercropping. We
hypothesized that intercropping exhibited discrepant
alteration of Cd extraction by the two plants species
due to their different Cd extraction ability. Our results
provided a reference for further exploration of the
effects of intercropping on the absorption of toxic
metals by plants.

MATERIALS AND METHODS

Experiments were carried out first in pots,
to evaluate the Cd extraction, then in field, to verify
results of pot experiment. Finally, experiments were
carried out to study the mechanisms of such alteration.

Pot experiment
Plants and soil

The pot experiment was conducted in the
city of Hangzhou, Zhejiang province, China, from
March to July. Two types of plant species were used
in the experiment (1) a Chinese cabbage specie
(Brassica chinensis L.), and (2) a cabbage specie

(Brassinca oleracea var. capitata.). The reasons we
chose these two plant species are because of their
(1) short life cycle; (2) relatively high accumulation
of toxic metals. Seeds of these two species were
purchased from the Hangzhou Seeds Company.

Soil for the pot experiment was collected
from the surface layer (0-20 cm) of an unpolluted
paddy field in Hangzhou city, and it was a reddish
clayey paddy soil (Inceptisol, USDA soil taxonomy)
with slightly acidic reaction, which developed on the
quaternary red earth and is widely distributed over
South China (SCHAEFER et al., 2007). The soil
physical and chemical properties were measured before
planting (Table 1). For analysis of the pot experiment,
the soil was sieved using a 2-mm grid sieve and air
dried. Particle size distribution was determined by the
pipette method as described previously (ABAYNEH et
al., 2007). It included 21% sand, 45% silt, 34% clay,
and a background total Cd concentration of 0.18 mg
kg'. According to our pre-experiment, we chose 3.0
mg kg! as the target concentration of soil Cd. We
planted 20 different types of crops (20 varieties of
Chinese cabbages and cabbages including the two used
in the following experiments) on four kinds of soils
(the same soil as used in the following pot experiment)
with the following Cd concentrations: 0.3, 1.0, 3.0, and
10.0 mg kg'. We found that when below or equal to 3.0
mg kg, the crop growth is not affected by pollution
level. Cadmium treated soil was prepared by manually
mixing with CdSO, solution and equilibrated for 30
days (LIN et al., 2014; LIU et al., 2017). To ensure Cd
homogeneity, the soil was turned every 5 days during
30 days. Before planting, the Cd level was determined
to be 2.62 mg kg'. This content was total Cd (all
soil samples were digested with a mixture of HNO,-
HCIO, (V/V=4/1) until completely clear, according to
the national standards (GB 5009.15-2014)), and Cd
concentration in the extracts was determined by atomic
absorption spectrometry.

Experimental procedures

Three types of treatments were performed:
(1) Chinese cabbage monoculture, (2) cabbage
monoculture, and (3) intercropping of these species.

Table 1 - Physical and chemical properties of soil used in pot experiment.

pH Organic matter Total nitrogen Available P Available K Available Cd Sand Silt Clay

5.76 18.3 gkg’! 1.14 gkg 12.3 mg kg™ 114 mg kg 0.18 mg kg™ 21% 45% 34%
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Experiments were replicated six times in arandomized
complete block design.

Twenty kg of soil was added to one plastic
pot (40x20x20 cm), in which six individual plants
were cultured. The pots were set up in no protected
environment under a glass shelter. Before cultivation,
seeds were germinated in soil mixed with vermiculite
and peat (V/V=1/1). Seedlings were transferred to the
prepared pots 24 days later. Soils were maintained at
80% water holding capacity by regular applications of
deionized water. Plants were harvested two months later,
and rhizosphere soil was collected by shaking the roots.
Soils of unplanted pots were collected at the same time.

Sampling and measurements

Plant samples were washed thoroughly with
tap water and then distilled water. Plants were divided
into shoots and roots, and then weighed. Plant tissues
were oven-dried at 70 °C until constant weight, and
weighted. The oven-dried samples were ground with
a stainless-steel grinder. Soil samples were air-dried,
crushed, and passed through a 0.082 mm sieve. All
plant samples were digested with a mixture of HNO,-
HCIO, as same as the soil samples. Cadmium levels in
plants and soils, as well as levels of five Cd fractions in
soil were extracted according the sequential extraction
method proposed by TESSIER et al. (1979) and
determined by atomic absorption spectrometry.

Soil pH was determined using a glass
electrode in soil/distilled water mixture of 2:5
(w/v). Acid phosphatase activity determination
was performed as described by ELSAS (1994).
Catalase activity determination was performed as
described by JOHNSON et al (1964), and urease
activity determination was performed as described by
NANNIPIERI (1994).

Field experiment
Study site

The field site was approximately 700 m?,
located in Wenling Township, Taizhou City, Zhejiang
province (121°37” East Longitude and 28°37” North
Latitude). The area is in the subtropical monsoon
climate and has an average annual temperature of
16.1 °C and annual rainfall of 1441.9 mm, and the soil

Table 2 - Physical and chemical properties of soil in field experiment.

pH Organic matter Total nitrogen

5.02 42.8g kg’ 294 mg kg!

Available P

331 mgkg!

was a reddish clayey paddy soil (Inceptisol, USDA
soil taxonomy) the same as pot soil (FAO-Unesco,
1973). We measured the soil physical and chemical
properties before planting (Table 2). For analysis
of the field experiment, the soil was also sieved
using a 2-mm grid sieve and air dried. Particle size
distribution was determined by the pipette method
as described previously (ABAYNEH et al., 2007).
Soil used in the field experiment included 34% sand
(diameter 2-0.02 mm), 43% silt (diameter 0.02-0.002
mm), 23% clay (diameter less than 0.002 mm), and a
Cd concentration of 0.88 mg kg'.

Experimental design

The treatments were same as in the pot
experiment. Experiments were replicated three times
in a randomized complete block design. The block
was 2x10 m with 40 cm spacing between each other.
There were 3 rows with 30 cm line spacing in each
block. Before cultivation, seeds were germinated
in soil mixed with vermiculite and peat (V/V=1/1).
Seedlings were transferred to the experimental field
in the middle ten days of April and harvested in the
first ten days of July.

Sampling and measurements

Five random samples were taken from
each plot, and rhizosphere soils were collected at the
same time. Sample treatments were the same as the
pot experiment. The Cd levels in shoots and roots of
plants, and in soils were determined according to the
same methods.

Statistical analysis

In order to detect a significant difference
in the data, analysis of variance (ANOVA) was
performed, followed by the least significant difference
test (P<0.05).

RESULTS

Intercropping caused increased extraction of Cd by
Chinese cabbage, and decreased extraction by cabbage

In the pot experiment, Cd levels of soils
in non-planted pots were determined to be 2.62

Available K Available Cd Sand Silt Clay

110 mg kg 0.88 mg kg™ 34%  43%  23%
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mg kg', while in Chinese cabbage monoculture,
cabbage monoculture, and intercropping of them
were determined to be 2.56, 2.44, and 2.06 mg kg
!, respectively (Figure 1A). Although the decrease
between monoculture and intercropping was not
remarkable, the data showed slight decrease due to
plants extraction.

Cd levels in both shoots and roots of
Chinese cabbage were significantly higher in
intercropping than in monoculture, while only
in shoots of cabbage were significantly lower in
intercropping than in monoculture (Figure 1B). The
data indicated that intercropping caused increased
extraction of Cd by Chinese cabbage, and decreased
extraction by cabbage.

In the field experiment, Cd levels of
soils had little alteration between non-planted soil,
monoculture, and intercropping. Cd levels in both
shoots and roots of Chinese cabbage were only
slightly higher in intercropping than in monoculture
(not markedly) (Figure 2A), while in shoots and
roots of cabbage it was significantly lower and
slightly lower in intercropping than in monoculture,
respectively (Figure 2B). All results were generally
consistent with those in our pot experiment.

Levels of five Cd fractions in soil

The Tessier sequential extraction method was
used to extract five Cd fractions in soil: (1) exchangeable
Cd (Figure 3A); (2) Cd bound to carbonates (the

concentration was substantially low enough and was
neglected in our experiment); (3) Cd bound to Fe-Mn
oxides (Figure 3B); (4) Cd bound to organic matter
(Figure 3C); and (5) residual Cd (Figure 3D).

Level of exchangeable Cd in soil
was significantly lowered by Chinese cabbage
monoculture, but not by cabbage monoculture
or intercropping (Figure 3A). All the other Cd
fractions in either monoculture or intercropping
showed little difference compared with the non-
planted soil (Figure 3B-D).

Effects of intercropping of vegetables on the soil PH

In non-planted soil of pot experiment,
the pH was determined to be 5.76, which was
significantly higher than 5.49, 5.62, and 5.59 in
Chinese cabbage monoculture, cabbage monoculture,
and intercropping of these species, respectively
(Table 3). However, the differences between the latter
three planting patterns were not remarkable.

Effects of intercropping of vegetables on the soil
enzyme activities

Toxic metal stress produces excess
hydrogen peroxide which will cause damage to the
plant. Soil catalase can promote the decomposition
of excess hydrogen peroxide, mitigating the damage.
However, according to our experimental data, the
catalase activities in all the planted soils were not
significantly compared with the non-planted soil

intercropping; 3.2. cabbage in intercropping.

Figure 1 - Comparisons of cadmium (Cd) concentrations in soils, and in Chinese cabbage and cabbage between
intercropping and monoculture. Values are given in dry weight. Values with same letters are not
significantly different from each other within treatments at P=0.05.

Addition: 1. Chinese cabbage monoculture; 2. cabbage monoculture; 3. intercropping; 3.1. Chinese cabbage in

Ciéncia Rural, v.49, n.11, 2019.



Soil cadmium extraction in Chinese cabbage and cabbage intercropping. 5

within treatments at P=0.05.

Figure 2 - Comparisons of cadmium (Cd) concentrations in Chinese cabbage and cabbage between intercropping and monoculture
in field experiment. Values are given in dry weight. Values with same letters are not significantly different from each other

(Figure 4A). Moreover, intercropping did not cause
more increase of catalase activities than monoculture.
The soil acid phosphatase functions as
the promoting of the transformation of soil organic
phosphorus to available forms. It can reduce the Cd
toxic stress to plants. However, toxic metals will
restrain the activity of acid phosphatase, resulting in
reduced transformation of soil organic phosphorus
to available forms (TYLER, 1974; LEFEBVRE et
al., 1990; WANG et al., 1991). Our results showed
that the soil acid phosphatase activities in all the
planted soils were significantly higher than in the
non-planted soil (Figure 4B). It means that the
restrained activity of acid phosphatase which was
caused by Cd was recovered to a certain extent.
More soil organic phosphorus can be transformed
to available forms by the higher acid phosphatase
activities, which reduce the Cd toxic stress to
plants more efficiently. However, there were no
significant differences of acid phosphatase activities
between the three planting patterns, suggesting that
intercropping did not cause more increase of acid
phosphatase activities than monoculture.

Soil urease promotes the production of
plant nitrogen source-ammonia, whose activity
was also restrained by toxic metals (TYLER, 1974;
POLACCO et al., 1985). In our experiment, the soil
urease activities in Chinese cabbage monoculture
and intercropping of the two plant species were
similar, and both were significantly lower than in
the non-planted soil, while in cabbage monoculture
were similar as in the non-planted soil (Figure 4C).

Hence, three individual Chinese cabbages in one
intercropping pot showed the same influence to the
soil urease activity as six individual Chinese cabbages
in one monoculture pot.

DISCUSSION

In this study, our aim was to compare
the effects of intercropping and monoculture on the
absorption of Cd by vegetables, using two different
planting conditions. The emphasis of pot experiment
was to explore how intercropping changed the ability
of crops to absorb this metal, as the experimental
conditions are easier to be controlled in pot
experiment, while the field experiment was more
inclined to verify the applicability of intercropping in
contaminated soils in agricultural practice. The soil
Cd content used in the field experiment is lower than
the soil used in the pot experiment, but both of them
belong to paddy soil.

According to the national standard of
China, soil environmental quality-risk control
standard for soil contamination of agricultural
land (GB 15618-2018), both the soils used in pot
experiment (2.62 mg kg' Cd) and field experiment
(0.88 mg kg' Cd) belong to contaminated soils.
According to the standard, the Cd content of potted
soils reaches the risk intervention value of 2.0 mg
kg! Cd. The risk intervention value means that if on
farmland Cd content is higher than this value, it is
difficult to reduce the risks of exceedances through
agronomic regulation, alternative planting, and other

Ciéncia Rural, v.49, n.11, 2019.
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Figure 3 - Comparisons of cadmium (Cd) fractions in soil between intercropping and monoculture. Values
with same letters are not significantly different from each other within treatments at P=0.05.

Addition: 1. soil of Chinese cabbage monoculture; 2. soil of cabbage monoculture; 3. soil of intercropping.

measures. Risk-based soil management strategies
would be useful to lower the risks of exceedances
of Cd in food, which is not advocated for crop
cultivation. However, there are still high risks of such
soils being used, since there are many places located
near the mining and smelting areas, industrial areas,
high toxic metal geological background areas, as well
as non-uniform distribution of toxic metals in regional
context (CHEN, et al., 2018). Cadmium content in
field soils were lower than the risk intervention value
(2.0 mg kg!' Cd) but exceeded the risk screening value
of 0.3 mg kg' Cd. The risk screening value means
that when the content of Cd in a soil is higher than
this value, there is a risk of exceedances, and specific
investigations are needed to be made regarding
food safety of farmland soil pollution. Under this
contamination, there are certain safety risks, thus safe
production technology is advocated.

Soil Cd adsorption and desorption capacity
is related to the size of soil particles (SINGOVSZKA
et al., 2015). It is considered that the larger the soil

particles are, the stronger the cadmium adsorption
capacity is. On the contrary, the larger the soil particles
are, the weaker the desorption capacity is (YUAN et al.,
2013). In our experiment, the particle size distribution
of potted soil and field soil are different. Therefore, it
would be inappropriate to compare the results of pot
experiment directly with the field experiment. However,
both our pot experiment and field experiment results
showed that Cd levels in Chinese cabbage increased
while in cabbage decreased when they were cultured
in intercropping. Although the physical and chemical
properties of the two soils have some differences, they
belong to the same type of soil-paddy soil. Thus, the
experimental results indicated that the same trend can be
achieved by intercropping compared with monoculture
in both soils, suggesting that intercropping has more
general applicability under different conditions.

The Cd level in shoots of cabbage in
intercropping were 0.54 mg kg!' DW in pot experiment
(Figure 1B) and 0.48 mg kg DW in field experiment
(Figure 2B), respectively. This level was far below

Ciéncia Rural, v.49, n.11, 2019.
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Figure 4 - Comparisons of soil catalase (A), acid phosphatase (B), and urease (C) activities between intercropping and monoculture.
Values with same letters are not significantly different from each other within treatments at P=0.05.

Addition: 1. Chinese cabbage monoculture; 2. cabbage monoculture; 3. intercropping.

the maximum levels allowed in foods which is 0.2 mg
kg!' FW (fresh weight) according to the China national
standard for contaminants in foods (GB 2762-2017),
indicating no health risk. Moreover, according to the
national standard for soil contamination (GB 15618-
2018), the potted soil used in our experiment is not
suitable for crop cultivation, and the field soil used
is needed to be cultivated under safety measures,
but the low Cd accumulator cabbage reached the
level of safe production through intercropping, and
compared with monoculture, the biomass of Chinese
cabbage increased (by 27.20+5.26 g) while cabbage
had few alterations when intercropping (decreased
by 5.87+3.08 g). Thus, Cd extraction was advanced
while safe production was obtained under this
cultivation measure.

Co-cropping/intercropping of low-metal
accumulators with metal high-accumulators have been
shown to produce safe food and meanwhile to reduce
the metal content in soil (WEI et al. 2005; ZHU et al.
2012). In the pre-experiment, when we used the same
source of soil as this pot experiment (the physical and
chemical properties were shown in Table 1) and the
Cd content is added to 20 mg kg™!, Cd levels in shoots
of Chinese cabbage and cabbage were determined
to be 55.3 mg kg! and 12.1 mg kg, respectively. It
also got the same result that the Chinese cabbage is a
relatively high-accumulator of Cd while the cabbage
is a relatively low-accumulator. In our experiment,
differences in soil Cd values are not significantly
between the several treatments, presumably due to our
experimental materials (vegetables) used which have

relatively lower biomass and relatively shorter growth
period. It is likely that just one cycle of cultivation is not
enough for remediation of the soil Cd. However, there
are many reports concerning plant materials either with
high biomass (e.g. Sorghum bicolor (L.) Moench) or
with the ability to remediate high level of toxic metals,
known as hyperaccumulators. For example, some
researchers used the toxic metal hyperaccumulator
plants to achieve the rehabilitation of cadmium-
contaminated soil (VERBRUGGEN, 2009; SHAHID
etal., 2012; FIDALGO et al., 2011). Usually, they still
need a long planting period (within a few years) to
achieve better restoration effect (TANG et al., 2017).
The material with higher biomass, however, is often
not suitable for intercropping with vegetables, since it
can significantly affect the growth of vegetables.

In this paper, we aimed to test intercropping
between vegetables to analyze their interactions to

Table 3 - Comparisons of soil pH (mean + SD) between
intercropping and monoculture. Values with same
letters are not significantly different from each
other within treatments at P=0.05.

Treatment pH

Non-planted soil 576 +£0.07 a
Chinese cabbage monoculture 5.49+0.05b
Cabbage monoculture 5.62+017b
Intercropping 5.59+0.03 b

Ciéncia Rural, v.49, n.11, 2019.
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each other on its Cd content regarding food safety.
We found that intercropping can promote an increased
Cd extraction in Chinese cabbage (a relatively high-
accumulator of Cd) and a decreased Cd extraction
in cabbage (a relatively low-accumulator of Cd). We
supposed that the results may be the same in many
other plant species. When a high-accumulator of Cd
is intercropped with a low-accumulator plant, the Cd
extraction by high-accumulator would increase while
Cd extraction by low-accumulator would decrease. It
was reported that when two different cultivars of cherry
seedlings (Cd low accumulator) were intercropped
with different ecotypes of Conyza canadensis (L.)
Crong. (Cd accumulator), Solanum nigrum L. (Cd
hyperaccumulator), and Digitaria sanguinalis (L.)
Scop. (Cd accumulator), similar results can be obtained
(LIN etal., 2014). However, this hypothesis needs more
experiments to be evaluated. Effect of intercropping on
Cd accumulation is a particularly important issue to be
considered in cultivation of vegetables in potentially
contaminated land, because both two vegetables used
would be consumed by us after harvest.

In addition, the availability of metals in
the soil for plant uptake also affects plant absorption
(BLAYLOCK et al., 1997). For example, Cd has
limited solubility in soils and availability for plant
uptake due to complexation with organic matter,
sorption on oxides and clays, and precipitation as
carbonates, hydroxides and phosphates. Level of
exchangeable Cd inthe contaminated soil was regarded
as the best predictor for Cd uptake (MURAKAMI
et al., 2008). Therefore, intercropping may alter the
toxic metal extraction ability through the alteration
of availability of toxic metal in soil. Availability of
toxic metal is influenced by multiple factors. Firstly,
a decrease in soil pH can increase the availability of
toxic metals in soils and mobility of toxic metals in
plants, due to precipitation reactions and increasing
absorption (SELIM et al., 2005; CHARLESWORTH
et al., 2016). Secondly, soil enzyme activity and toxic
metals can interact with each other. For example, Pb
contamination of soil produced a significant decrease
in soil enzyme activities of urease, catalase, invertase,
and acid phosphatase, and dehydrogenase has the
most stimulatory effects on Cd activities (BELYAEVA
et al., 2005; STUCZYNSKI et al., 2003). Thirdly,
many organic acids exudate from in the roots of some
plants can increase desorption of toxic metals, causing
enhanced removability and exchangeability. For
example, citric acid can increase the exchangeability
of Zn and Cd (DING et al., 2014; SONG et al., 2016;
JONES, 1998). Finally, rhizosphere microorganisms,
such as Methylobacterium oryzae strain CBMB20 and

Burkholderia sp. strain CBMB40, have been reported
to bind Cd in their growing and resting cells, resulting
in decreased Cd accumulation in plants and subsequent
reduced toxicity (MADHAIYAN et al., 2007).

In the pot experiment we evaluated
the alteration of Cd fractions in soil, soil pH, and
soil enzymes activities between monoculture
and intercropping. The soil pH has an important
influence on the uptake of heavy metals by crops
(ANDERSSON et al., 1974). Lower pH in soil has
been widely observed to be responsible for higher Cd
uptake of plants (SHAHID et al., 2012).

The present research showed that
cultivation of Chinese cabbage, cabbage, and their
intercropping decreased soil pH. However, there were
no significant differences of pH between the three
different planting patterns. It is presumably due to the
vegetables used which have relatively lower biomass
and relatively shorter growth period through only one
growth-cycle. Together, it suggested that pH value
change is not the main reason for the changes in Cd
content of these two vegetables in this experiment.
Thus, a long-term experiment could be conducted
to test if longer cultivation period (e.g. several
rounds or years) can lead to significant alteration of
the pH as well as Cd contents among the treatments
(TANG et al., 2017).

Soil enzyme activity and toxic metals can
interact with each other (SMOLINSKA et al. 2007).
For example, maize intercropped with chick-pea
resulted in enhanced acid phosphatase secretion by
maize roots (LI? et al., 2004). We found that soil urease
activity decreased significantly by Chinese cabbage
monoculture, but not by cabbage monoculture. In
intercropping of the two crops, however, urease activity
also decreased significantly as that of Chinese cabbage
(Figure 4C). It was reported that addition of synthetic
urease into the contaminated soil significantly increased
the accumulation of toxic metal (mercury) in garden
cress plants (Lepidium sativum) (SMOLINSKA et al.
2007). Thus, alteration of Cd accumulation in cabbage
was, at least in part, related to the alteration of urease
activity. Soil urease activity may also work together
with acid phosphatase to influence Cd accumulation in
plants (STUCZYNSKI et al., 2003).

In Chinese cabbage monoculture, the easy-
absorbable Cd fraction (exchangeable Cd) was reduced
significantly compared with that of non-planted soil after
intercropping (Figure 3A). In a previous report, WANG
et al. (2016) intercropped Luffa cylindrical and zinc/
cadmium hyperaccumulator Sedum plumbizincicola
with Cd contaminated soil in a pot experiment, and
reported that the available Cd content decreased

Ciéncia Rural, v.49, n.11, 2019.
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significantly after intercropping. Because Chinese
cabbage is a relatively high-accumulator of Cd, the
easy-absorbable Cd could be more easily extracted
by Chinese cabbage in intercropping, resulting in the
decrease of Cd accumulation in cabbage, reducing
its health risk. Similar changes in soil Cd fractions
under co-cropping/intercropping were also reported
previously (LIN et al., 2014; TANG et al., 2017).
Our study did not cover the content of
rhizosphere microorganism and organic acid secreted
by roots. According to the reported studies, they also
played important parts in Cd extraction (YANG et
al., 2012). ZHAN et al. (2016) studied intercropping
crops in the Huize lead—zinc mining area in Yunnan
Province, Southwest China. It was reported that the
major low molecular weight organic acids secreted by
the roots of both V. faba and S. asper were oxalic acid,
tartaric acid and citric acid, and there were significant
negative correlations between the contents of citric
acid, malic acid (secreted by V. faba roots), oxalic
acid and tartaric acid (secreted by S. asper roots) and
the available Cd content in the soil samples. Some
rhizosphere microorganism may benefit to repair
heavy toxic metal. LIU et al. (2017) reported that the
majority of bacteria are inhibited by toxic metals, while
sphingomonas bacteria are highly tolerant to heavy
metals, thereby having the potential to repair heavy
metal contamination. Soil grain size also affects soil
microbial abundance and heavy metal adsorption in
soil (SINGOVSZKA et al., 2015). Further experiments
will be carried on these factors in our future study.

CONCLUSION

Intercropping can promote an increased
Cd extraction in a relatively high-accumulator of Cd
(Chinese cabbage) and a decreased Cd extraction in
a relatively low-accumulator of Cd (cabbage). The
alteration of Cd fractions and soil enzyme activities
were similar between Chinese cabbage monoculture
(six individuals) and intercropping (three individuals).
The intercropping increased Cd extraction by Chinese
cabbage and decreased Cd extraction by cabbage
probably by influencing mechanisms such as soil
enzyme activities (especially the urease activity) in
the cultivation system. Effect of intercropping on Cd
accumulation is an important issue in cultivation of
vegetables in potentially contaminated land.
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