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Effects of Hexachlorocyclohexane on Bacterial Community in Red and Purple
Soils in Terms of Diversity and Structure
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Abstract:  Objective  Although hexachlorocyclohexane (HCH) has been banned as pesticide in agriculture for decades, its
residue, still high in concentration, has been frequently observed in soil due to its property of persistentcet, So it remains to be an
important task to well elucidate how HCH affects soil microbial communities in diversity and structure, and a topic of great
significance to ecological health of the agro-environment systems. Method In this work, a greenhouse experiment was

conducted, in red and purple soils grown with wheat, spiked with HCH at a rate of 0, 600, or 1 500 g~hm’2. Soil bacterial
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community structure and diversity in the soils were determined using the high throughput sequencing technique. Total DNA in the
soil samples were extracted using the Power Soil DNA Isolation Kit, a product of from MOBIO and tested with 1% agarose gel
electrophoresis for quality. Compositions of the soil microbial communities were characterized with the sequencing technique.

Result Alpha index analysis revealed that HCH significantly increased diversity of the bacterial community in the red soil,
while no significant effect was observed in the purple soil at the beginning of the wheat cultivation. However, after 42 days of
cultivation, no significant differences were found between the soils spiked with HCH and CK in soil bacterial community
diversity in the soils. Analysis of bacterial community compositions showed that Proteobacteria and Actinobacteria were the
dominant phyla at the phyluma level, and HCH increased the diversity of Actinobacteria and Acidobacteria in the red soil, while
Proteobacteria and Acidobacteria were the dominant ones in the purple soil. Relative abundance of Bradyrhizbium in red the soil
increased with the spiking rate of HCH, and its abundance did about 150% and 180% in the soils spiked with 600 and 1 500
g'hm™ HCH, as compared ing with that in the control treatment. However, in the purple soil, relative abundance of the
nitrogen-fixing bacteria decreased with the addition of HCH. Conclusion The residue of HCH obviously induced the changes in
diversity and structure of the of soil bacterial community in the soils, and the impact was more obvious in the red soil than in the

purple soil. The findings provide a basis for understanding of the micro-ecological effects and safety assessment of HCH in the

soil environments.
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Table 1 Some physicochemical properties of the test soils

+ R KA F LT FokL bR A kL

Soil type Location oft Organic matter/ ( g-kg™) Clay/ (g'kg") Silt/ (gkg') Sand/ (gkg')
AR: VL7 g 35 478 6.08 32.10 2470 43.20

- O o P = 7.89 5.81 4425 34.51 21.24

(D Red soil, @ Yingtan, Jiangxi, @ Purple soil, @ Yanting, Sichuan

%2 16S rDNA PCR 7 &4

Table 2 16S rDNA PCR reaction conditions

AR 1 A Bk SEA FEA TEFEL
Initial denaturation Denaturation Annealing Extension Final extension Cycles
95°C 95°C 55%C 72°C 72°C
20
5 min 35s 40s 50s 1 min
Xt DNA FE G EAFT il B0, XA 16S V3~ 220 Ml AT M, MK P<0.05.

V4 XEGHEATY Y, 51 341F( 5-CCTACGGGA
GGCAGCAG-3') fll 805R ( 5'-GACTACHVGGGT
ATCTAATCC-3'),

XTI R il A RO ST RS, R S 8]
T I 97% MU PE R 2N OTUs (#AE4rJE g,
operational taxonomic units ), K] Excel 2013
SPSS 22.0., Origin 2017 FI 7 K 4b B &5 9517 5
B P s IR (R 5 1 PR NS by

2 4 R
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25 A A AWK E XK. ZDHERERL Chaol 45
Bh 1 088~2 146, HL[H HCH Ab B ik B 438 T 45 /&
FEU HCH ] $2 3 2T S 4 v Bh 95 E 5

Sersget e, S A REvE 2840 % HCH
AR 16). 5 1 KAF, CK Ab#E | 600 g-hm >
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Table 3 Richness and diversity indices of the bacterial communities in the soils spiked with HCH

TR LREGS ERIEH Chaol R TIEER LHHEYS O FREEK Chaol R
Soil type  Soil No. Shannon Chaol Coverage Soil type Soil No. Shannon Chaol Coverage
EAR: dl.C  7.62+0.0lc  1088+67b 1.00a E iR dl.c 10.41£0.0l1a 2866 +11a 0.99a
Red soi di.M 8.31+0.12b  1262+90b 1.00a Purple soil dl.M 9.98+0.00a 2458 +17a 1.00a
dl.H 8.93+0.15a  1630+245a 1.00a dl.H 9.89+0.11a 2402 +162a 1.00a
d7.c 8.62+0.25b  1287+73b 1.00a d7.Cc 10.04+0.06a 2533 +128a 1.00a
d7.M 9.84+0.05a 2146+124a 1.00a d7.M 9.89+0.16a 2551 +200a 1.00a
d7.H 10.03+0.18a 2072+360a 1.00a d7.H 9.64+0.14b 2377 +242a 1.00a
d42.C 9.17+0.03a  1290+107a 1.00a d42.C 10.61+£0.21a 2867 £337a 1.00a
d42.M 9.44+0.15a  1759+167a 1.00a d42.M 10.40+0.16a 2687 £294a 1.00a
d42.H 9.64+0.10a  1985+231a 1.00a d42.H 10.72+0.04a 3052 +31a 0.99a

Heodl: 1R, d7: F TR, d42: §42K; C: WL, M: 600 ghm? AN, H: 1500 ghm 2NN/ A, £
FIATR /NG F1 3R [R] b - A R Ab B H) 2% 5 b 2 ( P<0.05). R, Note: dl: 1days, d7: 7 days, d42: 42 days; C: control, M:

600 g-hm 2, H: 1500 g-hm 2. Different lowercase letters of the same column meant significant differences at 0.05 level between different

treatments of the same soil. The same below.
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Fig.2 Community composition of the bacteria in the soils spiked with HCH ( a Red soil and b Purple soil )
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Fig. 4 Changes in abundance of the dominant bacteria in the purple soil spiked with HCH at Day 7
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Table 4 Correlation between HCH concentration and dominant genera of bacteria in the soils

- » PSS - N EES s
LAY ) R S =)
Correlation Correlation
Soil type Genus Soil type Genus
coefficient coefficient
A= KD4-96_unclassified 1.000™ E Y Flavihumibacter 0.999°
Red soil Elsterales_unclassified 1.000"™ Purple soil SC-1-84_unclassified —-0.998"
Gemmatimonadaceae_unclassified 0.998" Steroidobacteraceae_unclassified ~1.000"

. TWEME P<0.05, "HEEAHM I P<0.01, Note: "represents significant correlation P< 0.05. ““represents extremely significant

correlation P< 0.01.
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Fig. 5 Abundance map of nitrogen-fixing bacteria in the soils spiked with HCH ( a Red soil and b Purple soil )
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FAEPY, BAWFIEUESE, Lk g nT ) M R i
AU AR, kSR ( Streptomyces ) ZA LA
L2510 F2 B AR R, R R R A A e U - 2
F AR, il A T e 4 3 v R 1 SR R )
TE/NF PR B, HCH W] {2 k4 He rh ek 1 i 1
Ko B, 2T g ] 2 4l 40 1R R 75 1] % A ol
it 52 A< 245 0 O Il Ak, Wb 15 UG A Y 3 ]
T, BRI PR R fE HCH 1Y TR O 34 1
e weAh, fE HCHAERT, JU3Rax 2w 1] MR
FFGE 1T A AR X 3 B 35 8 o sk 2T 25 P g R B
e/ HCH (0.5~1.5 mgkg ') 89+,
WA IR RE ) T8 H A, A v 1
WA . BRI AN AR T A HLAE K
275 G T HER AT RE TR A A, TR S B e A LS
A 2575 g Xt LR A IR A R HEVE T, moK
1Y (451.5 mgkg™ ) A HLEUAR 2575 YL hE W 2 40
TGP, A G PR kU ) A
I, ARG AT HCH 55 4% 24 75 Y w3 38 1 598 40 747 7
WA, BN - A W ) AR

I8 1 B AR - 1 [ U s ok e .
% HCH S5 K 0218 LE AR T, HAR X R 22 5
T—fZ, et IR R, RHEED A K
TN COERFSY y-HCH X - 398 r [ %0 581 52 i Bt
K, y-HCH F] S8 A MU 1 F B T
32 AARAAMNEBTHREIFENZIG

BRSBTS BT TR X R B 2 4
o PEIRGE, BIEWITRAEARN (PCP) FEfEit
RO FZANR]2E, S5 458D PCP P, FEF
MHEBEAEEYMEE ( Xanthomonadaceae ) T TE
G )& ( Burkholderiaceae ) Z0N | Aofg 25 B2 5y 2%
B, SXHRAAHLE, #Sin—EWE PCP 1k 4~17 d
A4 13D Proteobacteria( ZETE B ) BARXS F2 5
PRII, 4 TR 45 48 9 3 A5 A8 Ab A I 3 A 245 A P e fidk it
B, REZS5EMAHED FESUR.

39 PR B 20 R A T Y 7S A EA R oM A
g, ORI ASATIE (B 2), H#E
A g L R R 55 0 - SR it , AN R I AR i AL
e, BEVR R RE SR, MBI AR TR . LAk,
FFEE T T8 Flavihumibacter ¥1%§ £ 5 HCH ¥ i 5

WEIEAR, AIREZ RIS, AR 52 )
Hos , AHJE A HCH T 52 TR s e 1T, 15 o ok
BRI, LA A LIRIER ] ( Nitrospirae )
MXT R T (K 2), FES 5 pH AKX,
PRS0 - Nitrospirae T 43 e TRRME L, Bl
pH Fhi, £+ s b Ve R, fy e A
SR fif LI PR RREL B N, XY A KRR R
R ARELEE L, WA, oL PhIREATHE
( Anaeromyxobacter ). Wit & ( Geobacter ). Wifh
KB (Desulfuromonas ) %} HCH ¢ AAUsk, il
A B (Azotobacter ) % HCH AN i, Hifg 32
YRR . AHGER, WIETE 2.0~15.0 kg-hm i,
y-HCH X [5 U b J& B - Jo i 52, WREE R 3.5~
15.0 kg-hm 2 B}, y-HCH fitg & 3 MR AN b 4n s 5
o R EEAPY HCH e N 250 mgkg ' 1), 4t
A B E AR B ( Rhizobium ) B FIEZ) 40%, #
M) [ RO, HCH 2B IRHK A [ R Azospirillum
([T RUMR T ) 04 [ 2R AN S S M, 3X v RE 5 HCH
FrEA T HCH X6 448 7 A [w] [ 2040 B8 114 52 T £
FEES . REFCRATER BT E T, Aa®
M 2481 A1 [0 RV T 5 et T TR P A, D2 AT [ L
S PERIECE: , 2 TR AR AL, SRy A4
K, gl A Al ok U S

BEVRTT T , HCH X £0 e G AR 25 3R 55 B0 52 M AR 0
BR A SCF R 45 3 1 HCH 15 J« LI TUE S
RO BRHE T ISR o AR A SCA A B v E Y T
BeWIHH T HCH X 4 B 7 OS2, T HCH 2072 56
BRI MLHI TS 2, Rt 38 HCH 5 47K F K&
I DR X6 TR A (0 R P MLAT R it — 2D Y

4 4 g

7N7578 (HCH) RE6% 520 + e AN R #F 7% 2 FE 1
K2R, RSB Ay T 398 A0 B R A R ) T
gt HCHAERT, ZI3E4nmfeis Sttt
o R DA RV 25 A A S Ak, HO HCH MR BB, 41
AN REVE S5 H 5N i HCH X IR 40 25 Sl . 7
ARSI S, B HCH A , 33 ol 5% i 38 W 8 2k
SO AR VR E I K T405E, HCH e T 5
0 - 4 B R D5 2 PR PR AL B ZS M B oM R E - HCH X
LIRS0 P [ AN TR Y B2 AN [R] , HCH ¥5 %%
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