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Abstract: A panel count method and a phospholipid fatty acid analysis
technique were used to investigate the responses of Di-(2-Ethylhexyl)
Phthalate (DEHP) pollutants to the phyllosphere microbial communities of
Chinese Cabbage. The results of plate count analysis showed that the
number of culturable microorganisms could be lower than that of water
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Introduction

Aerial plant surfaces are generally colonized by large
numbers of different microorganisms including bacteria,
filamentous fungi, yeasts and algae. The aerial habitat
colonized by these microbes is termed as phyllosphere and
the inhabitants are called phyllosphere microbes
(Lindow and Brandl, 2003). Microorganisms in the
phyllosphere may include those that are pathogenic to the
plant and nonpathogenic organisms, which play an
important role in altering plant surface properties, fixating
nitrogen, promoting the growth of plants, controlling the
plant pathogens, degrading organic pollutants and being an
ideal monitors of plants pollution (Krechel ef al., 2002;
Krimm et al., 2005; Kvasnikov et al., 1974; Sandhu et al.,
2007; Schreiber et al., 2005).

Vegetable is an indispensable food in people's daily
life and the quality of vegetables has a close relationship
with human health. In recent years, more and more
attention has been paid to the pollution of vegetables by
Di-(2-Ethylhexyl) Phthalate (DEHP) with the continuous
development of plastic film and greenhouse. DEHP is
one of the most widespread phthalate plasticizer, used in
numerous consumer products, commodities, medical
devices, food packaging and building materials (Jing et al.,
2010; Zhang et al., 2009a; Wang et al., 2008;
Sablayrolles et al., 2005). As to health effects from
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human exposure to DEHP, DEHP is teratogenic,
mutagenic and carcinogenic and the EPA of USA has
classified them as priority pollutants (Pandey and
Chauhan, 2007; Sandhu et al., 2007). Because of the
large and widespread application, DEHP has been
widely detected in food, air, water, soil and sediments
(Schreiber et al., 2005; Yang et al., 2001). In our
previous studies, we found that vegetables grown in
plastic film and plastic industrial areas mainly absorbed
DEHP in the atmosphere through the leaves or above
ground parts and accumulated to the stems, fruits and
roots, which eventually led to the pollution of vegetables
by DEHP. Studies have shown that microorganisms in
plant leaves have the ecological function of degrading
organic molecules. Therefore, we would like to use
vegetable leaf microorganisms to reduce DEHP pollution
in the atmosphere, thus blocking DEHP into vegetables.
The aim of this study was to investigate the responses of
DEHP pollutants to the phyllosphere microbial
communities of Chinese Cabbage.

Materials and Methods
Experimental design

On June 2015, Brassica chinensis var chinensis are
potted in the sun room. For about 1 weeks, Brassica
chinensis var chinensis grew about 7cm at first and then
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leaf surface began to be sprayed with DEHP. The
concentrations of 10% and 80% DEHP were designed for
the treatment group. Leaf spray as a contrast and leaves
without any processing were blank. The experiments were
divided into 3 sprays, DEHP (labeled I II III, every 6d spray
1 times). And the experiment lasted 3 weeks. After 1,3,7d
DEHP, samples such as leaves and stems were collected at
random (each group was collected about 100 g). The
samples were collected and placed in a sterile sample bag to
be taken back to the laboratory for direct analysis.

Microorganism Cell Extraction

The 10 g sample was treated with 100 mL phosphate
buffer solution (pH 7.0, containing 0.1% Tween 20).
After ultrasonic oscillation (40 KHZ) treatment of
10min, the sample was shaking for 50 min at 25°C, the
200 r.min~". At last, microorganisms were eluted from
the leaves, ans the lotion was reserved.

Microbial Culture and Enumeration

Different media were prepared: Vegetable juice,
solid medium and LB solid medium. Take appropriate
elution dilution of 1ml, respectively, with the above
three kinds of medium for casting plate colony
culture. The number of colonies was counted after 3d-
5d at 30°C constant temperature.

Phospholipid Fatty Acid Analysis (PLFAs)

The collected vegetable phyllospheric microorganism
was precipitated and the total esters were extracted by
chloroform, methanol and phosphate buffer solution.
And then phospholipid fatty acid was isolated by silica
gel column chromatography. A esterified solution was
dissolved in a positive nineteen alkane fatty acid methyl
ester containing 33 g/mL internal standard volume ratio
1:4 of chloroform: hexane the solvent, dried by nitrogen
and then detected by GC-MS.

The biomass of phyllosphere bacteria was estimated by
the total PLFA of 14:0, 15:0, 16:0, 18:0, i15:0, i16:0, i17:0,
al5:0, al7:0, 16:107t, 16:1®5, cy17:0, 18:1m7 and cy19:0
(Lindow and Leveau, 2002; Zhang ef al., 2008; Wang et al.,
2010; Song et al, 2010). The biomass of fungi was
estimated by using 18:1w9 and 18:2w6, 9. Gram positive
bacteria content was estimated using i15:0, i16:0, i17:0,
al5:0, al7:0, 16:0 (Me), 17:0 (Me), 18:1w7. and gram
negative bacteria by 16:105, 16:107t, 16:109, cyl7:0,
18:1w3, 18:1w7, cy19:0.GP/GN represents the ratio of gram
positive and gram negative bacteria biomass

Data Analysis

The count of culturable microorganisms was counted
by plate count method. Fatty acids with carbon lengths
of 14 to 20 were used to analyze the microbial
community structure of the phyllosphere. Data were
presented as means together with Standard Deviations
(SDs). For PLFA concentrations, the ratios of the
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different microbial groups, in addition to the GP/GN,
were analyzed using Analysis Of Variance (ANOVA)
with SPSS software.

Results and Discussion

The Number of Microorganisms in the Leaves of
Different Treatment Samples can be Cultured

Vegetable Juice Solid Medium was Used to Count
the Number of Culturable Microorganisms in the
Leaves of Vegetables

The number of culturable microorganisms in the
leaves of vegetables was counted by plate count method,
in which the number of fungi was mainly counted in the
solid medium of vegetable juice. From the panel point of
view, the number of microorganisms in the solid
medium of vegetable juice solid was (10°-10%) cfu/g
sample. As shown in Fig. 1.

The experiment was divided into 3 sprays DEHP (I, II,
II) respectively. The treatments were: spraying 10%
concentration of DEHP, 80% concentration of DEHP,
spraying water and blank control without any treatment. As
shown in Fig. 1, the 0d sample (blank control, spraying
water, 10% concentration and 80% concentration) were
considered as the blank sample, because of all the treatment
before sampling and culture counting, from four samples of
vegetables 0d, each microorganism quantity had little
difference. Compared with the sample of 0d, the amount of
bacteria in 1d blank and control samples increased, while
the quantity of bacteria in 1d DEHP samples was lower
than that of 0d. Compared with spraying 10%, the
concentration of 1d in the 80% samples decreased
obviously compared with that of 0d. That the number of
microorganism with time and environment showed
dynamic changes and after spray and spray DEHP
treatment has obvious influence on the vegetables
phyllospheric microorganism, spray DEHP is likely to
inhibit some of DEHP sensitive microbial growth and
reproduction and it is good for some water like wet
microbial growth and reproduction. Overall, the number of
culturable microorganisms in DEHP samples was lower
than that in controls and blanks. In addition, in the whole
experiment process, from the beginning of 0d to the end of
the third spraying, the amount of bacteria in the blank and
control samples has been on the rise. Except for the I1I-2 of
the blank sample, the amount of bacteria has dropped
somewhat. It can be seen from the picture: three times of
spraying DEHP, spraying 80% concentration of DEHP
samples of vegetables, the number of microorganism was
significantly higher than that of spraying 10% concentration
is low; microorganism quantity of spraying DEHP on the
first day after the sample was third, 6D small samples, it
might just spraying DEHP, DEHP changed the leaves
international environment, thus affecting the sensitivity of
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microbial growth and reproduction, with the extension of
time, some microbes might adapt to existing phyllospheric
environment DEHP, DEHP added in the highly volatile
environment, there may be the concentration of DEHP is
more and more low, phyllosphere microorganisms will no
longer cause effect.

LB Solid Medium Counts the Number of Culturable
Microorganisms in the Leaves of Vegetables

The number of culturable microorganisms in leaves
of vegetables was counted by plate count method and the
number of bacteria in LB solid medium was mainly
counted. From the panel point of view, the number of
microorganisms in the LB solid medium was (10*-10°)
cfu/g samples.

As shown in Fig. 2 and the 0d sample (blank control,
10% concentration and 80% concentration) were
considered as the blank sample, because of all the treatment
before sampling and culture counting, from four samples of
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vegetables 0d, each microorganism quantity had little
difference. In the whole experiment process, from the
beginning of 0d to the third spraying, the amount of
bacteria in the blank and control samples has been
increasing. Except for the II-2 of the control samples, the
amount of bacteria has dropped slightly. Three times of
spraying DEHP, spraying 80% concentration of DEHP
samples of vegetables, the number of microorganism was
significantly higher than that of spraying 10%
concentration is low; microorganism quantity of spraying
DEHP on the first day after the sample was third 6D, the
sample should be less. In addition, we also found that
phyllospheric microorganism 80% DEHP treated samples
compared with the vegetables vegetable juice
phyllospheric microorganism culture medium and the
vegetable juice culture medium for fungi, while LB
medium is more suitable for bacteria, therefore,
phyllosphere microbes not only how much training and do
processing and related the choice of the medium etc.
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Fig. 1: Effects of DEHP on the number of culturable microorganisms in Brassica chinensis var chinensis (The columns were left to
right: CK, 10% concentration, 80% concentration, blank), vegetable juice served as a medium
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Fig. 2: Effects of DEHP on the number of culturable microorganisms in Brassica chinensis var chinensis (The columns were left to
right: CK, 10% concentration, 80% concentration, blank), LB solid medium served as a medium
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From the plate, vegetable juice solid medium fungi
order (10°-10%) cfu/g samples, LB bacterial culture order
(10*-10°) cfu/g samples, may be a solid vegetable juice
culture medium is LB medium lack of nutrition training
in vegetable juice is more suitable for fungi, so two
kinds of culture medium statistical microorganisms the
magnitude of difference.

Phosphate Fatty Acid Analysis (PLFAs) Results

Almost all microbial membranes contain
phospholipids, which are relatively constant. Different
microorganisms contain different kinds and amounts of
PLFAs, some of which are specific to PLFAs and exist
in certain microbial cell membranes. Thus, PLFAs can
be used as a biomarker for microbial biomass and
community structure change in (Zhang et al., 2009b;
Wang et al., 2008; Sablayrolles et al., 2005).

This experiment identified 18 PLFAs, with carbon
chains ranging in length from 15 to 20, including
saturated, unsaturated, propane and methyl fatty acids.
Figure 3a shows the dynamic change of total PLFAs
content in the leaves of the vegetables during the
experiment. There is a significant difference in the
content of PLFAs between DEHP contaminated
vegetables and water samples. With the increase of time,
the total content of PFLAs in water samples slowly
increased, while the total PLFAs content in vegetables
samples DEHP spraying treatment were lower than the
water sample, indicating that DEHP pollutants have a
certain influence on soil microbes. The total content of
PLFAs in vegetable samples three times spraying after
DEHP treatment, the first measured decreased the
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content of first times the 1D samples to reduce the
magnitude of the maximum, the content of 1D after two
times of treatment by measuring the decrease trend is
relatively slow and then as time changes, the both
contents of PFLAs in 3d and 7d were gradually
increased, which can explain the vegetables
phyllospheric microorganism has a process of adaptation
to DEHP, but also that certain microorganisms may
produce a metabolic ability to DEHP. In addition DEHP
with the extension of treatment time, some
microorganisms have begun to accelerate growth and
reproduction, so we infer that some phyllospheric
microorganisms may be key to DEHP as the carbon
source and their nutrition to promote its rapid growth
and reproduction, performance for the total increase in
the content of FLFAs.

Phospholipid fatty acids (18:1, ® 9) and (18:2, » 6, 9)
were the main indicators of fungi and the content of
these two fatty acids was used to estimate fungal PLFAs
content. Figure 3b and 3c showed that the PLFAs
content of fungi and bacteria treated by water spraying
was higher than that by spraying DEHP. With the change
of time, phyllosphere fungi and bacteria in water
treatment are gradually increased and the content of the
1D were fungi every treatment spray DEHP decreased
significantly, then began to increase, third of which
sprayed third times the content of DEHP increased
rapidly after fungi. For the DEHP bacteria, the dynamic
changes of PLFAs content were slightly more gentle
than those of fungi, which indicated that DEHP
pollutants had a great influence on fungi.
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Fig. 3: Twenty-one-day response of (a) total microbial fatty acids, (b) fungal fatty acids, (c)bacterial fatty acids and (d)GP/GN PLFA

to DEHP in Brassica chinensis var chinensis
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The contents of gram positive and negative
bacteria in leaf microorganisms of DEHP and GP/GN
treated plants were analyzed, as shown in Fig. 3d. As
shown, different treatments affect the levels of gram
positive and negative bacteria. For water treatment,
the ratio of GP/GN has a phase change, in weeks, in
the week, the content change increased, indicating that
during this period the gram positive bacteria growth
rate faster than gram negative bacteria. For the
injection of DEHP treated samples, GP/GN ratio
decreased first and then increased slowly, the ratio
were 1D every time the decline, then began to
increase, perhaps because of gram negative bacteria
with DEHP can be degraded and can convert DEHP to
their nutrient substance use, promote the growth and
reproduction. There may be DEHP environmental
pollutants have certain inhibitory effect on Gram
negative bacteria, with the passage of time, gram
negative bacteria began to adapt to DEHP, have a
certain resistance to DEHP toxicity and slowly growth
reproduction. Therefore, according to the indicator of
gram negative bacteria, phospholipid fatty acids,
which we can use to judge and investigate the
pollution levels of environmental pollutants DEHP.

Conclusion

We found that the number of culturable microorganisms
could be lower than that of water spray after treated with a
certain amount of DEHP pollutant by the plate count. And
some results showed that DEHP pollution treatment had
certain effects on the biomass and community structure of
leaf microorganisms in leaves of Chinese Cabbage. After
the one-day treatment, the biomass of the total leaf
microorganisms, fungi and bacteria in the leaves of
vegetables decreased, which was significantly different
from that in the control and the blank groups. What’s
more, there was slightly change in the ratio of the
characteristic phospholipid fatty acids between gram
positive bacteria and gram negative bacteria. These results
may be helpful to judge and investigate the pollution levels
of environmental pollutants DEHP.
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