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Correlation between rhizosphere microbial community of
Gossypium spp. and petroleum hydrocarbon degradation in the
petroleum contaminated saline-alkali soil
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Abstract: [Objective] Open out the correlation between rhizosphere microbial community of
Gossypium spp. and petroleum hydrocarbon (TPH) degradation in the petroleum contaminated
saline-alkali soil. [Methods] Phospholipid fatty acid (PLFA) analysis method in different growing
periods (seeding, bud and boll opening season) of Gossypium spp. was used to evaluate the microbial
community diversity in the soil. [Results] It was found 21 kinds of PLFAs in the soil, including
bacteria (except actinomycetes) biomarkers of saturated fatty acids (SAT), fungi species biomarkers of
polyunsaturated fatty acid (PUFA), actinomycetes biomarkers of middle branched saturated fatty acids
(MBSAT), Gram positive (G) bacteria (except actinomycetes) biomarkers of terminal branched
saturated fatty acids (TBSAT), Gram negative bacteria (G ) biomarkers of monounsaturated fatty acids
(MONO) and Cyclopropyl fatty acids (CYCLO). There are significant differences on microbial
diversity in the rizosphere soil between the Gossypium spp. and without cotton (CK), the differences
were also observed in the different growth periods. Compared with the CK, the microbial diversity
increased by 100%, 83.3%, and 20.0% and biomass of soil microbes increased by 53.9%, 6.60 times,
and 60.5% for seedling, bud and boll opening periods, respectively. In addition, when Gossypium spp.
was grown in the petroleum contaminated saline-alkali soil, the degradation rates of total petroleum
hydrocarbon (TPH) in the rhizosphere soils increased by 13.0%, 28.0% and 30.6% in seedling, bud and
boll opening periods, respectively. Correlation analysis (Spearman method) was used to determine the
correlation between the soil microbial community and the TPH degradation. Although the total soil
microbial biomass had a low correlation with TPH degradation with a correlation coefficient |r|=0.5,
whereas 115:0, al4:0, al6:0 had a high positive correlation with the correlation coefficient |r|=0.8.

[Conclusion] The study indicate that the structure and the biomass of the soil microbial community
have significant changed (P<0.05) and the TPH degradation have improved in the rhizospheres soils of
Gossypium spp.. The planting of Gossypium spp. can effectively improve TPH contaminated
saline-alkali soil, and the results have a great reference value in application of TPH contaminated
saline-alkali soil.

Keywords: Petroleum contaminated saline-alkali soil, Phospholipid fatty acid (PLFA), Rhizosphere
microbe, GOSsypium spp.
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Figure 1 Chromatogram profiles of phospholipids fatty acids (PLFAs) of soil microbial community at
opening period of Gossypium spp.
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Table1l Relative biomassamounts of the microbial PLFAsin cotton rhizosphere and the control soils (%)

[E2=) A Ta#] Seeding 1 Bud %8 Opening
Number Name Control Rhizosphere Control Rhizosphere Control Rhizospher
1 c14:0 0 1.030 0 1.320 0.887 2.270
2 c15:0 3.190 11.600 0 0 9.990 0.709

3 cl6:0 0 2.810 7.450 0 23.200 0

4 c18:0 0 1.180 0 1.470 10.200 0

5 i13:0 0 0 0 0 5.420 0

6 i15:0 23.000 23.700 27.400 30.200 2.830 22.100

7 i16:0 0 0.882 0 0 0 0

8 al4:0 0 5.920 0 15.400 0 0

9 al6:0 7.580 8.270 30.500 22.500 6.560 6.780

10 nl6:0 0 0 0 0 2.770 3.340

11 2mel4:0 0 0 0 0.982 0 0

12 9me14:0 0 1.110 0 13.200 0 16.500

13 10me18:0 17.200 1.650 0 0 0 0

14 9mel6:0 0 0 21.900 0 0 0

15 i16:1m5 0 2.420 0 0 0 0

16 16:107t 0 11.800 10.800 6.130 15.200 15.700

17 18:1@9¢ 16.100 15.900 0 4.160 10.600 0

18 18:109t 21.900 0 1.940 1.580 7.490 21.600

19 18:216,9 8.150 0.891 0 0 4.810 8.080

20 cyl6:0 2.840 4.920 0 3.140 0 2.820

21 cy18:0 0 5.900 0 0 0 0
SAT 3.19 16.70 7.45 2.79 44.30 2.98
TBSAT 30.60 38.80 57.90 68.10 14.80 28.90
MONO 38.00 30.10 12.70 11.90 33.30 37.30
PUFA 2.270 0.892 0 0 4.820 8.080
CYCLO 2.84 10.80 0 3.14 0 2.82
MBSAT 17.20 2.75 21.90 14.20 0 16.50

SR E] 14 Fh PLFAs, 7EXTIY 3 ASEHEA
Sy 8 B, 6 FpAI 10 B, PIEAHLL, HEPR14E PLFAs
FhE3 5T 100% . 83.3%7F1 20.0%. AN
PLFAs ZEHU4U % . 116:0 (0.294%). 16:1m5 (0.807%)
F1 al4:0 (7.11%)%% , KIFR +3E502E 2 PLEAs B4 3

JSHEE TBSAT, Hordr, 3 ANEHAR AT & 25510k
38.8%. 68.1%. 28.9%, HKJE MONO, AHXf& ik
I35 30.1% ., 11.9%., 37.3%. i, % PLFAs
FliZE /& iC15:0 (18.9%). al6:0 (12.4%). 18:1w7t
(10.2%) . 16:107t (11.0%)(F& 1), [RIE, AR
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Figure 2 Principal component analysis (PCA) of PLFAs of the soils microorganism and the factors
Note: A: PLFAs of soil microbe. B: Soils sample; seeding-CK, bud-CK, opening-CK indicated soil sample in seeding, bud, and opening
periods among the control without growth of cotton; seeding-root, bud-root, opening-root represent of the sample soils in seeding, bud, and

opening periods cotton growth.
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Figure 5 Pearson correlation coefficient of the ratio of the TPH degradation to the relative content of microbial PLFAs
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Note: A: Control soil (CK); B: Cotton rhizosphere soil.

joe)

TBSAT MBSAT PUFA CYCLO

2 PLFAs SAT

0.1

Correlation coefficient

Different sort of PLFAs

1.1¢
09}
0.7+
0.5F
0.3}
0.1}

—0.3r
-0.5}

CYCLO

pPLFAs TBSATMBSAT MONO PUFA

-0.7*-

Different sort of PLFAs

El6 AMREMBERSAEIRBEMLBEMENHEXRY
Figure 6 Pearson correlation coefficient of TPH degradation to the biomass of soil microbial varieties
e A BEWIRIXT IR B: MIAEMRER.
Note: A: Control soil (CK); B: Cotton rhizosphere soil.
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46.7%FHIE PLFAs 287 52 S B2 IEAH G C R, MRBR
+HEE 15.0%M5E PLFAs 28RS & B IE A6
o CK 13 TPH MRS TIEMAE YA B
(XPLFAs) . 4 [F (SAT) A > FCFAM: B (MONO) 1 A=
P A B IEAOCOC R, MOCREEY Ar=0.50; #f
TEARPR TPH A% 5 4k B (MBSAT) A ) e
BEIE A X (r=1.0), 5 (PUFA). G B (TBSAT)
A G (MONO) A4 W) 1 A7 v B IE AH O C &
0.3<<[r|<0.8, FRHIMPR 11 TPH MR AF I T ZHh
FERCEYIEE SR . Zhang 22T K ZE0E T
T, S4B — M AE A U T,
TARLPR H IR IR SRR PRI AE YR,
FUR TR . BN, fARPR +48 TPH REA7:
Bl . BAERM, PR3 CK AL TPH
FERIER T 44.0%. [N, B ARREKIRE
MR W S i s —E R, AR
S UAYIEREE AR HE T REAR R I ARG, B TR
A ARELAE . ARPR TR . AT, k2] TPH
IR AR B E T 13.0% . 28.0%7F1 30.5%. Kirk
PSRN, fF TPH K155, R ER R
A RS RE A TR FUX BE R e rh g, TPH (1)
Iop it o8 6 i ol 2 0 FE V% A B 5 A o g 48 o v
Hio Gao ZEPAN Lu ZPMA, MRAYER RN
7 P]a R R 3 Sy NG o g 1 I 3 0/ N e N

AR PR A Py A . o 5 RIS M & AR ek
A5, ANFERRBR I IE MR AR RS, DTN
HG Y A R A . R R 4
A A RIEARFWE TPH iS58, 4K 4
MAE, SRR R R R 13y
32.3%-63.5%, FHHBEEMRPR Y 25.3%61.0%, HF
MR TSR PR 38 33.3%—58.5%, ihAMEMRPR L
o 49.0%-54.0%. HRAEARPR T TPH [REfEA
(72.3%) 5 HAA L o S L S rT A S A A6 2E
Kxf 358 pH (FEA 6.63%) 1 EC (F&A% 4.52%)77 4
TR, TSRS Y T BEARAE . Reid
SEB2RN N 31 pH FIAE AR S (7 S A
LIS ] SR F R 2 . 59—, ARAE)E
HRFREY), MAKIEK, BERABRM 2ok
SYRVEFEPIR, R ERPT R R R, AR
U R SRS, A AR K TR SR R E
I SN} A1 K R ST L 7/ bR S NG
YIRIEEVER, o 80%A9T5 e AR bt A4 P
fift, LA 20%BHEYIFfL, ML AXT TPH H
AR ER B IAER RN, WA RS R RA
W,
4 S

(1) FRAEAE A X AR PR + SRR AE MRV 2540 HLAT
WERSE, ANRA KIS T A A 5k
Yra ¥ X B . Y PLFAs R, diRG K
iR B B K (100%) , 75 1 (83.3%) . it 2 f% /)
(20.0%); TEYIY PLFAs 721 ] . 25 A 240143
FIHEINT 53.9%. 6.6 f5F1 60.7%.

(2) FEAEA: KT 1158 TPH Rl S H AR SC B TREEL
H W, HPR 1 3E TPH PRI 44.0%, H.
B A 0 ) S S BURR EEERE IN, B(13.0%) <7
11(28.0%)<itZ141(30.6%) AR s+ 38 TPH B F%f# 5
MBSAT Fric £ i . TBSAT bric i G E .\MONO
PRICE G B . PUFA FRic i) 5 5 45 B I 0 2 R £
FF0.5<|r)<1.0), HHH, i15:0, ald:0, al6:0 Fx
ICHY GHE R R BEAR TR (1) =0.8).
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