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Abstract: As a biocide of soil fauna, naphthalene has been widely used in the study of the ecological functions of soil
fauna; however, their effect on non-target organisms has raised doubts about its widespread application. The present study
was conducted in order to determine whether there are non-target effects of naphthalene in the soil of subalpine forest in the
west Qinghai-Tibet Plateau. The short-term responses of soil microbial biomass, microbial abundance, and microbial
phospholipid fatty acids ( PLFAs) to naphthalene were studied in microcosms. The results showed that the soil microbial
biomass carbon (MBC) , fungal abundance, and the contents of bacteria, fungi, gram-positive bacteria (G*), and gram-
negative bacteria (G~ ) PLFAs were reduced during the entire study period. The lowest MBC and G* PLFAs contents in both
the no-naphthalene and naphthalene microcosms were observed at the end of culture (52 days), and the lowest bacterial,
fungal, and G"PLFAs contents in both microcosms were observed at 45 days after application of naphthalene. The content of
microbial biomass nitrogen ( MBN) in the naphthalene and no-naphthalene microcosms showed increased and decreased
dynamics during the entire study period, and the highest MBN in both microcosms were observed at 17 days after application
of naphthalene, but reverse dynamic changes were observed for the ratio of MBC/MBN. The ratio of fungi/bacterial PLFAs
in the no-naphthalene microcosm showed decreased and increased dynamics during the entiré study period}, and the highest
fungi/bacterial PLFAs were observed at 17 days after application of naphthalene, whereas little ¢change was detected in the
naphthalene microcosm. The ratio of G°/G™ PLFAs in the naphthalene microcosm was reduced during the entire study
period, but showed increased and decreased dynamics in the no-naphthalene microcosm. during-the entire study period.
Naphthalene treatment only significantly affected the ratio of G*/G PLFAs, whereas the interaction of naphthalene treatment
and sampling time had significant effects on the MBC/MBN ratio, bacterial abundance, fungi/bacterial abundance, PLFA
content of bacteria and fungi, ratio of fungi/bacterial PLFAs, and G'/G~ PLFAs ratio. In the short term, the non-target
effects of naphthalene as a biocide to reduce soil fauna abundance may have a temporally variable influence on soil microbial

communities in the subalpine forests of western Sichuan.

Key Words: Naphthalene; subalpine forest; soil microbial biomass; microbial abundance; phospholipid fatty acid
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FetT BV ZN R Y 1 RIS SRR Z RE R SR O BRSSOV, 1A SR R AT R . PR, DA R R AR
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1.1 R R

B R B U128 SETA) AR DR DX L AR AR 2 3R G0 6 S 36 T 5 i R AE MRV (102°56E,31°
18'N, 34k 3023 m) , ZMFVETT AR LURTTISAZ (Abies faxoniana) b 3, W% 80a, HRHIE 0.7, AT A T2 204 1
1 (Fargesia spathacea) . = Y%t ( Berberis julianae) \ZLEAEMK ( Sorbus rufopilosa) V0§ ( Hippophae rhamnoides) |
Jiit B 3% 4% ( Rosa weginzowii ) 55 ; A £ B A5 8 W ¥ ( Cacalia. auriculata.) V2 W% ( Cystopteris montana.) (5% )&
( Carex spp.) FIVEHLJE ( Cyperus spp.) 55, BRI MIBIDGETE £ ( Cambisols ) , FEAMENL A BRI M BRI A7 I
E T
1.2 Rt

2015 4 10 A NARREMUA L5, AECE# S MIRTTAZ U AEMBEYE Thm? 1E J59% [ 58 A Hr, BEALE R 3
A 5mx5m FEJT TR R 0—15em T 2IRA 158, 3L 10kg, HHE M A VKGATIRAL T 240 iz (7]
UG RS R B A B SRR AR AR WL K B s Y IR AT, i 2mm G, 2 IR Blair 20 5
itk — 25 R BRI S Lk s AR TR 24k,

2015 4F 11 H WA 7855800, FREL S0g - HERE i 28 A 450mL 42115 300, L FREURG S0 80 4>, Hir,
BEHLIERE 40 DA1LUEEFRIME N ZEAb B4 (8 YCREEXS AN E A ) , 25t I A 100g/m™ 7, 4 A IR n— 1 ; Tl 4x
40 MLHLUEFRRNE T BRAL , AHE I ZE . il 55 95 1 R v - NP i 5 21 208 350 F PL s B
NTASMGFERGFAF , [FIE, fE4 10 DT HHLUEFR (S A H s A X B FH AR 30 % B 801 . A1 5
BFIE) A 2 A 3 F i 0 3930 R0 5 K W AR, R FR IR A 10°C, R A 25 AT s i R oK
(45%) , THEFEM 3.10.17 .24 31,38 .45d Fil 52d RAEF RS, R UCRAAL BRI #4550, 2B 24 a5 H
T YA Y AR AR R
1.3 Tl el

Bl A A R (MBC) 40 ( MBI iR FH Bl A1) S () 25K, SO 2 i 2 ' . FRERL 3 143 10g
R T 150mL BEBUR P, A B TR RS | 25 ST 28 24h BRE A D BUH , R EHFRE 3 4y 10g +
HERE AR R 2T IR, B S . S0mL 0.5mol/L K,S0, 3242, id 38 )5 , FH5d 0.45wm JEME, JEW P Y C AT N R
FH A WL E 3173874 ( TOC=VeRH+TNM- 1, Shimazu Inc., Kyoto, Japan) il , MBC Hl MBN & & HHE % +
BRI T2 LRI B AL € R N A9 228 43 BBk LA e 251 0.45 Fi10.54 15511
1.4 Y ERENE

T W B SR SN 5862 B PCR MISE . 33640 DNA A IR FH AL 58 % Bk PR R A7 RS B 19 Soil
DNA out il & HANETRIHAT . R 1 %I R EEE RS B UK A U 1 OMEGA E.Z.N.A™ Gel Extration Kit &7 &
AT R BIR MR EE IS L Uk DS 44k )5 19 5L DNA FE R , 7E Bio-Rad iCycle PCR HiEfT qPCR 7314, &
WA 2 H. 12,5k SYBR® Premix ExTaq™(TaKaRa) ,0.5uL BSA ( TaKaRa) ,5# 0.4l ( #H:A43 HIA S GC %
A5 19, Ll AT B (9 S5 DNA VR AR, LUK B Y 25 B8 KR 2 25 L, SRR 45 3 A, 41519
341F,534r; HF 1Y) : fung ,NS1, SN EETR L 29% A BB A EE I 54T L T ARG

qPCR " 14 7= ¥y 28 BB W e v Wk RIS L 55 pMID19-T #5443% 4% ( TaKaRa ) 354 A Escherichia coli DH5a
AN, A M13-47 I RV-M 514 ( TaKaRa) % #E/T 7% PCR 5145 , Ye P 52 1 9 F OMEGA /4 5 1y
ok A BURGR & B BUTORAE qPCR S AR E T A JBORE A€ E 28 Biophotometer ( Eppendorf) £  , £H #
TR A 56 R 4 DS ook by A BE EA TR, T 10 5430 3 i 8 1) VR BB 199 JS0RE DNA 1 qPCR S i
PR R ES MR bR AEI 2 . SERTDE S 1 PCR {25 CFX96 ( Bio-Rad Laboratories, Hercules, USA i)
A3 0F A 39 B RN A0 B A T R A

BATFER AN EA 98°C T 1% 30s,98°C A8k 1s,55°C i 'k 5s,72°C ZEAH 10s,40 NG, IR E 65°C to
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95%C ,0.5°C for 5s,E=103.0%,R*=0.997 ; E. ]l 98°C HiALPE 30s,98°C A5 % 5s,55C iR K 55,40 MMEEF, 72°C 4E
#1108, IEIRIREE 65°C to 95°C,0.5%C for 55,E=99.8%,R*=0.998,
1.5 BEIRNEIER (PLFAs) A9 E

T HE BRI AR S A T R A AR AR, FRER 1g T I9ERE S 25 A 30mL TR DUSR & M B B 4%
H KA 4.8mL PBS 22 thifg (BRI 2 0P ,pH =7.4) [ 12mL F A 6mL G075, IR i€ 30s , A 42) 4L 10min
(37°C ,100HZ) ,37°C 7K i+ 30min, ¥ #1J5 I PBS 2% vl 6mL FI5A{5 6mL, 55 DL L4 4E R Pk 32 BOR T
50mL A 53T <F rh# E

HUR 250, Je A DL D8 Bt 38 | e 28 Koy 0 B sl v MRk e A . AR 2mLL 005 AT 2mL A
Fies 3 YR BR 2 AR W RS ARG . B FFBE(3x2mL) VR A B AEBE S N, R, 2% 4 9 P el e L e 2 fie I %
1, H tmol/L ZFR A, AE ) FAMEs ( BE W2 FH R ) iR 2mL G007 : %t (v/v 1:4) $EEL ZANT B % T
A5 ChE (RFRLE 1:4) DU JUke R F R (19:0) A INFRY) . BRI AR BALIGE , BEHC 15—21 Mk
BERKE NS IR F EE DR T oM B E M E i, GC-MS 451 . Aor i vhkE | BERE T1IELEE 300°C, 4] 4R R EE 60°C
1345 Tmin, THEFLF , LA 30°C/min TFE 150°C , {5 4% 4min, L 4°C/min T} 2 250°C , 445 15min, )5 TH 2 L
25°C/min F+ 2 300°C , 445 6min, 4 HRE 280°C , S SAEHS, i N 0.8ml/min,
1.6 S50

i Origin 9.3 #XAFHIEL . H SPSS 20.0 AT 8 Se 1T, R SR N & J5 2% 53 BT (repeated measures
ANOVA ) 656 XoF JERN A 330 %6F 2R A Bsf (1) B JHL A8 B A X 4 B8 A 40 AR5 Wiy, SR BRL 1R 28 22 43 M ((one-way
ANOVA) Flf5e/N i 35 25 573 (LSD ) A 5645748 f 7E AN [ Ak B ol Rt IRl ) 22 57, i B PR P=0.05,

2 #R

2.1 HERAEYE

FEAREFRI A, Z5 40 FEAD T FE A 2 9 ik ( MBC ) 75 i 2 3R BUOA R Ra 3, DABE 37 52d B M A
2 (MBN) f 2 ST 5 FAR A sh 2, RARIR 0 17d B ; UE ik A L (MBC/MBN ) 26 38 H SE A1
Ja Tt = SRR IEFR 17ddR (K 1) Z8a0 BRI R 38 i 25 52 e MBC \MBN #1l MBC/MBN 7%,
E Z5 400 BRI ARE I 8] 5928 B AE F A MBC/MBN S84 BEEM (£ 1),

F1 FLBEFRREHEXIETSLUFRTEMENEYNE FE BEETBRNESNEFESH
Table 1 Repeated measures ANOVA. for soil microbial biomass, microbial abundance and microbial phospholipid fatty acids to naphthalene

treatment and sampling time

S5 qhg SR ZEAb B X SR AL I [A]

FEFE Index Naphthalene treatment Sampling date Naphl‘h alen(? treatment X
Sampling date
F P F P F P

A= Wy A it fe MBC 0.06 0.818 5.16 <0.001 ** 0.36 0.940
A7t Wi 2 MBN 1.03 0.339 6.07 <0.001** 0.12 0.999
A WA W e b MBC/MBN 0.16 0.707 12.42 <0.001 ** 2.44 0.035*
ZM 7 = & Bacteria abundance 0.85 0.410 113.74 <0.001 6.92 <0.001 **
L B Fungi abundance 4.38 0.081 55.60 <0.001 0.77 0.614
FLR /A EE Fungi/bacteria abundance 5.17 0.108 6.93 <0.001 ** 7.21 <0.001**
M NENE IR Bacteria PLFAs 4.58 0.099 20.68 <0.001 ** 4.59 0.002 **
BB ARAS IR Fungi PLFAs 0.36 0.593 9.38 <0.001 ** 5.92 0.001 **
LR/ AN SRS S IR Fungi/bacteria PLFAs 0.36 0.570 2.35 0.040* 2.78 0.018 *
22 QPP AR ITRZ G* PLFAs 6.65 0.061 56.30 <0.001** 3.57 0.007 **
22 [CRA MBI IR TR G- PLFAs 7.58 0.051 4.82 0.001 ** 3.45 0.009 **
A2 [P/ B P B B B TR G*/ G~ PLFAs 10.85 0.017* 8.87 <0.001 ** 2.99 0.012*

MBC, WY Yk, microbial biomas carbon; MBN, ﬁiﬁi#%éli%%/ﬁ, microbial biomas nitrogen; PLFAs, WENE g Wi lg phospholipid fatty
acids; * P<0.05, ** P<0.01
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Fig.1 Dynamic change in soil microbial biomass carbon ( MBC) , soil microbial biomass nitrogen (MBN) and MBC/MBN ratio during the

52 days application of naphthalene in the subalpine forest of western Sichuan
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LU AR 2 IR SEREAI S T s iR 34 (R IR A5 R BR A1 ) . ZRAL BT G*/G™ PLFAs LU{E A 520, {H 2840 2RI
SRR 38 HAE I E P44 50 ) PLFAs B3 B m (£ 1),

3 e

THERE YR DA S RGN T B R S, R A R G IR W BB R ) B R
B, S A i - MR 0 ) EE RO EUR ) B P, AR A o e B A A58 S e - S 14 I bR 50 0 - 98 A A 3R 85
AR R LSRR W A P B (MBC) HU N R HUBR Y 19%—3% , {E3X —F 53 A HLBR I 4.5 P A
HEA LA U AL, 28 I RS R e R4 MR VR BR 13 DGR R gl Iy 1 R RUE i A
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Fig.2  Dynamic changes in soil microbial abundance during the 52 days application of naphthalene in the subalpine forest of

western Sichuan

(DEHP) B8 0 - HER A W0 A= 1 e e RN A et R 3% A2 2 R, ELRE DEHP ¥ B2 B3 in 3% 2 5674 = 5 BRI
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WA 25, Xiong 25 HFSE 2 M, 30g/m> Fil 100g/ m” 14 25 jifi 1 2 I o 52 0 IV BT HE A + S 2k i i ik, 1L
200g/ m” [l 255t FH R B0 B B TRt MR .5 Xiong 261 S0 45 SR — 0, AR WP 58 Y, 100g/ m?® 1 25 FH 1 F
A R SRR W) MBC A MBN &5 10, 28 4 BRI G B8 A4 S A 9 e i R LA AL RS sh 25248 1k (B 1 Ak
1), HJEFATRER 2R T, T 1A, % PR B AU ) Ak D A A S B T B, e T i A 4 A 0 1 D
A TGN B — T, A A AL e T AZ BE T SR AR R A R R R AT, B AR T
A A N ) AR R B E WA W R AU (MBC/MBN) 7E 15 R R (3—17d ) 52 28 4h B i
R X F T P B X PREE T ML R 1N, R T 35k e ) BB P AR s B A A R TR
5 ey 2 A Dy R TR, PR T 28 4% 5% J5 B MBC/MBN ZR30 H AH L 3 8284k

EAMFFERIA, VE R B0 W i S, 20 TR RN L T = B A SR 1% o 107 A B T S - S R AE )
TR PO i S Y ST R, AR TR T B I A - 4 MR T AN R (E X B BRI N
F BN RS R R 1 DEHP 75 YL 2 04 1 40 B A0, %o 2 T i Y 5 M o s
TRTC ] .25 5 ; Blair 26 BFSE 45, Z5 40 31 3084 0 1 37 PAAH 25 bk L S8 20 T BORE | AR T FDA L T 22 K
J& ; Colinas 25 WFFEIN N, 2540 B IR Xk o KA FH A= 745 22 46 32 BT | 01 S AR S iy A AR H BR300
OO BT AR W A PR B IR A B e R LR A R S B BRI A IR E R R AR
ZERO TS T AN A | LR R B A 0 1 M (2% A 3R R A IR (] 194 22 EAE FH G 4 T Y 3 R S ) i
(B2 M#FE 1), X5 Colinas % W52 25 F—3, 5 Blair %7 (BI85 R A, X Al GE S M R G+
e R [l ARWESE b, BE IR AT (10d) , A 3EURTXT RE Y BURE T B 2R R B SRR IR R AR X
IR Ry 20 R X B B 1 AR A A o R R Y pH G T R M i SRR B A A T AR K S Y R
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Fig.3 Dynamic changes in soil PLFAs during the 52 days application of naphthalene in the subalpine forest of western Sichuan
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