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Effects of various environmental factors on carbonyl sulfide fluxes from typical sugarcane field soils in south—
ern China

YIN Liang, ZHANG Li-li, CHEN Lu, WANG Xian—feng, HUANG Xing-ran, FANG Xiong, YI Zhi-gang"

(Fujian Provincial Key Laboratory of Soil Environmental Health and Regulation, College of Resources and Environment, Fujian Agriculture
and Forestry University, Fuzhou 350002, China )

Abstract : This study aimed to better understand the influence of global climate change on soil carbonyl sulfide (COS ). Dynamic chamber
and gas chromatography—mass spectrometry methods were used to investigate the effects of various environmental factors (i.e. temperature,
soil water content and carbon dioxide(CO,) concentrations ) on soil COS fluxes under laboratory conditions. Soil cores were collected from
typical sugarcane fields in south China. Parts of the soil cores were collected without disturbance (i.e., intact soil cores ), whereas the re—
maining were broken and mixed after passing through an 8—mm mesh sieve (i.e., disturbed soil cores ). The results showed that COS fluxes
from the intact soils were significantly different from those of the disturbed soils. The COS emission rates from intact soils were higher than
those from the disturbed soils, whereas the COS uptake rates showed an inverse pattern. COS uptake rates were reduced remarkably after
sterilization, indicating that they were mainly controlled by biological processes. Temperature significantly influenced the COS fluxes of dis—
turbed soils, and the lowest COS uptake rate( 100.4 pmol*m2+s™") occurred at 25 °C. Soil water content significantly affected the COS fluxes
in intact soils, and the lowest COS uptake rate(0.9 pmol-m==+s™") occurred at 50% water holding capacity. High ambient CO, concentra—
tion (8520 mg+m™) inhibited COS emission from intact soils. The results suggested that the effects of soil structure, temperature, humidity,
and ambient CO, concentration should be considered when estimating the global soil COS fluxes.

Keywords: carbonyl sulfide; intact soils; disturbed soils; environment factors; sugarcane field soils
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PR AEA DB 12 R E S A i AR
PO k= S ¥ /I N ) i | A= SR YN &N DI ek €]
L, IR (COS) &5 i & RMERE AR
IR SRS R B AR Z — o COS FEXT L2 T 7k
IR St A G R B e i BB R
T 38 3 AV 25 S 55 i 28 2 A Sy UKL AT R R o 2
£, MR BOR IR AT IRIE B R,
L2 50 3R AR (R ERESE o T R R B 2k 3R Y
B, 25200 - 45 KRN HOER (LA G P A, B R
IAEBRGTH, Ak COS #EARAZ)G , i TH:
BARIREE, TGRS 5 R AA R AU,
TR IF 40 3 BRARUEN . Bl AR S R GRS Wl &
T AR — NG AR, AT B b+ 12
KA COS FEAY LN, A 5 32 FREE R R (14 5210 365 4
p2s A8 S K, P BCR BREAE PR o B BRE LUK B

SO 139 COS Mt (1 K R F 25 AW R M
YRR YR FEE A ER S
T A s ) P2 U SO 5 At DXl - B 25 0 U K
WG, RIS T SR R R A B e A, COS il S A2y
PR IR AR AR AE YR R F AR IR R I
pH Eh {E LA K 25T COS YREESE . BEH 423K 1L CO,
PR B B SRR BE B ARG, 4 BRI 2 LB 2
bR it 21 ks B 1.8~4.0 C7 R 2
138 COS il i B A 1, A W R i
T R BE SRR R COS W Ak B R oRE, W
Kesselmeier 25 ®132 8 M P 52 4 + 3 AE 15~20 CH
COS WS 31 5 KA, X148 U S g 1 119 b 3t R -
e COS IRl By 25 °C Bk T R4
Ui KA E R, LIS KA A . +
HES KRR 3 COS R 1 7 — AN HERH T,
TR W COS WIFFTE R R B0 A7 b
FEA ] S KR R 2 5 - R . Wk
COS B, Yi S FEWF ST RE Jr KA L & 3+
e T B 2R COS, 58 A ACIRAS 2Bk COS., &
3 AU, S0 R A - AT B Y, 2o 0 o AR AR
N IR YA H , SR ETE 3 — e
(BT AR VBRSO ) Ho 491 8 28 A, 2 T 2% - S 3R
B, AL | S r ] LS G Y L S 2 A
X4 COS Sl ISEIA . H A 5 74 13 COS id
PR GR T2 50, FEAE TR X, X
PRUGESEOIESY T IR E LT H X COS 7E 5 g 4 7 2
A (Jbat 22 H A AR RN TR+
B RARFEIE 3R ) b il S Ak, R

TE . ESKREEIEE A X B 3% COS il & A 2
FRONR o TR R i DS P T RRAR R, BRI [R5
R COS T B, XA BREEER ™ A 1 5
Wit A7 2840, (5L H R SR IR 7% 9 7 5 COS
M AR SEAR R A o DA L AR SR ) T
JREH SR FENS G, T aed 2 N REAY S5, 23 51 UL
ANTRIFAEE R 7% 18 COS i@ B s, Xt 4ekAEfk
5T 1 COS Jd =R il A 2 S

I HREHE

1.1 TEHRRESELMER

S5 i FH - BRI A A M T ) L — R
A H (26°26'N, 119°14'E ) , 3t A~ H JCiti i | BA#ESE
AP0, HREALF A . A R TR (I A 22 X
S, AR K 5K 900~2100 mm , 4E H 8 BF 20~25
cl, Hrp Rl A AL By 450k - JEA R R
FEIE 45 (NAEA 11 em, 528 12 em) TCHESRIURE 4
[l 5256 2 I v BB B il 50 7R Rk B AT 855 55
(AR 11 em, B8 15 em) o S0+ R 35847 123
KAE(0~5 cm Al 5~12 em), 47 M550 %, KT )5 8
mm i, KERIA FIRE IR R AR R |, 4728 ik B
FREETR T R AR R R — S T e
AFEHERUT : 35 pH K 5392008, 57K %H4 9.00%,
A LT K (44.80+1.64)g -kg ™", 7K fift & (72.76 +1.45)
mg kg™, 2% (1.85£0.06)g kg™, 4 0.13 g-kg™', +
B AME L 1, RN S BO0 A 52 450,
1.2 SEEEIT

d A K R 5 A T E e K FF K & (Water
holding capacity maximum, MWHC ) #% 20% .50% FlI
80% (i 1t B R N T InZE IR -5 E AR RS e ), 78

x| TE-BESESREE 0=3)

Table 1 Percentage of the three phases of soil(mean+SD,n=3)

SCHGAREE A HEOR A% [ 4H/% TAH/ %
20%MWHC  J§ifid.  28.26+2.59  50.21+1.57  21.53x2.34%%*
it 42.02+291%%  44.57+2.94  13.41x0.10
50%MWHC  J5if+ 11.62+2.91  59.26+2.66%*  29.12+3.79
St 10.61£1.23  49.19+£0.76  40.20+1.25%*
80%MWHC 5+ 6.51£5.32  54.52+9.48%  38.98+5.02
St 11.34£1.53  38.62+2.17  50.03+3.06%

TE:MWHC FR iR AL 5 #% % 43 5 FR0R Rl — S K S R i
A S 22 18] 22 57 0.01,0.05 KPR 3

Note: MWHC—-Water holding capacity maximum; **,* indicate signif—
icant difference between intact and disturbed soils at the 0.01,0.05 proba—

bility level respectively at the same soil water content.
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B il TE VKA LA 25 CHE SR 7 d SEER 48 4 g
(S

OKETFA L COS MR i i 2%
TRX S AT 3 WOK B ARG , PR R 3E 5K
TN HARIRAE I 20%MWHC LN 25 °CL, B
3 ANR[E COS iE S ¥k BE (418206 )ng » m = (AIR ) |
(6696+134)ng +m~>(COS—1)F1 (13 3934263 )ng - m >
(COS-2), 405 M 255, COS ¥ JF 0.3.5 A1 10 5.
AR R A E KR T HlGE S 24 h 5 AT RUA
Kk, B E 3 N EE

QA EEEEXTIE AL A7 £ COS 8 & A5 - {f
FE S KA 20MWHC, 4305l & 3 ML (15,25
CAN 35 CHALFAN 3 AR HER COS Wk ([A] ) o -
FEE B R A KR T ARG I 24 h 5 B TRk
FE, BB 3 AN B,

QAR F KRS A . S 438 COS 18 & A5
M« PRAFEE IR R25 °C 43 iR E 3 AR 7K
(20% 50%7F1 80%MWHC)F1 3 A[A] COS HES Mk B
(A ), eSS IR S KR P ik 9% 24 h 5k
TPEMCRAE, AP 3 AN

WARIF] CO, #e BE XA £ COS 3 1 A FZ ) - ff
FRIEA - HEE K FR 50%MWHC, i 25 C(COS #
R K, i COS Wk B 45 I 7E (418206 )ng - m™, ]
SR CO, VRN 0.393.1375.,2357 4321 mg-m™ #
8520 mg-m~, 733k O A4 HT RS CO, WY 0.5.2,
3.6 A8 10 4%), T AEAEB e T S KRN i 7
24 h JEATAUARRAE BB E 3 N EA
1.3 St mREFLIE

SRR SR AR I Zh ARG, 2550 30 min fRAIE
KNI G5, [MGE R & HTE 1.3
Lemin™, SRR AR T Teflon A4S IRAE,
T COS 4r#r.

COS U 22 ZEFR TN AH 23 Al bR A 5 R4, SR il
Hedn ekt )y 20, 1% 4% 7890B-5977A GC-MS g4 7i
B o HF Teflon RAAS I AR RS, & —TIWAR
JOE, LBRAE ST HLO I CO,, Ff28-150 CYR SR MR i
Tror Bk o % 554 >R F HP-5 @ 3iht ; FHEFE T
R WA 10 °C, $-FF 3 min, J5 LA 5 Cmin™ J 3]
120 °C, FLA 10 C-min™ F+3] 250 CHREF 20 min, it
R EL R, BAFER A 3 NER, BAFESS
1Y, Bt R A R H B0 (SIM) | 4R J5 2R T
YE T [ 2E (NIST11) Ao S AA R B B[] XS0 s
FEARTG BB (TIC) BTk Bl f= , >R NIST Frifi [l ik it

AR, T VLR RE R T 80% MW BT, IR AR <
JBT 3 P £ B B 1) SRR 25— 1464 7 HE X, DTS o 40
&Y AT B & S5 iy Birib &9
VEFCHE R T 80% , U BA I ) 7 H1E(EAR T 30 s R
WA T AR -k BE B D 2 N AR IR A T B
L4 BRI
COS 3 3t 415 BV I [a) B A7 T AR A 32 UM
i, B R R IV R, B IR O A e
FoR ARSI B SR A, BT
v (1
e

A F g UIE &, pmol »m -7 ACT HE H AUk
[ 2, pmol *mol™; Q F/RIER T, Los™;S £nt
B AR, m? V,, RORPRESUR T BEIRIA TR, 22.44 L+
mol™; T h L HERE , °C.

FIFH SPSS 18.0 AT Z J5 2253 BT (ANOVA ),
PL Duncan 22 545 56 K 36 A [R] AR BE X COS 3 5 1Y
S0, (8 Sigmaplot 12.5 #F174: A,

2 FERE5SH

2.1 REX COS #EERIZIN

W 1 FoR, M3 AIR B, K+ COS
Bt %, h(39.78+16.84 ) pmol *m=2+s7, H g FH & T
I KT 1 (P<0.05 ) 5 MR BE 4333 COS-1.C0S-2,
KA R COS 435 R (11.53+19.69) . (53.29+
63.36 )pmol -m~+s™', H i 2 5 T4k K 1 (P<0.05),

1 T *
: g J =
B 0 E ..... jroees ;_ ..... S—
~ —200} :...\,...'
e 1 I
£ b
il |
g _400; ......
8 K ¢
U X3
-600 } JEK
T . o
R

ANF/NG FREFORIE K AR COS WREE I BA B #2250
) — COS e T KB A KB A 8] HA B 2528 5 (P<0.05)
Different lowercase letters indicate significant difference among
different COS concentrations for not sterilization soils; * indicate significant

difference between sterilization and not sterilization soils(P<0.05)

B 1 REXRALT COSBEMHM(HEAREE ,n=3)
Figure 1 Effect of sterilization on disturbed soil COS fluxes
(mean+SD,n=3)
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Joie COS FMRBE 24k, K+ COS Bl ICHA
WAL, WiHEKE L COS Bk HE < COS kT
E%F%1E§(P<O.OS)O
2.2 HEEANR(EMT BALE)XT COS BERIF M
AT, A B COS W T 507 4, Wl
COS XTS5 £ #&Hl HHEEIKE R 20%MWHC, 4
WU EE R AR JLEE R 25 CH, J5U07 1 COS B
FET A 1(P<0.05) (A 2A) ; Y S E ly COS-—
1, WREEK 15 °C, JEA7 1 COS Mz &3 E K T 547 1
(P<0.05)([& 2B). &R 25 °C, Mtk N
AIR B}, JEA - B i 2 5 1 5747 1- (P<0.05) (&l
3A); MR MR B COS-1, &K ZEh 20%F1 80%
MWHC, LIRS EE N COS-2, &7KE N 50%F
80% MWHC I, J5 {7+ COS Mg i 341 T 57 +
(P<0.05) (& 3B & 3C).
2.3 COS BExt 18R E T 0 5z
P 135 Kl 2090MWHC, 24 5E W Ny
AIR([E 2A) TRy 25 CI, A - Bl 2, J
(33£11.03)pmol *m?-s™,  H_ g 3 = T HoAth 15 NI B
(P<0.05); e AME T 071 COS 93l & JL-T- %
B, P HE Ky COS-1( 2B), JFif; £ COS
R WS TL T A [ 5 M0 BE Sy 25 °CHT,#ui COS [
W e f /b, SR (100.37+28.98 )pmol *m2-s7', H i F 1K
FHAP AR B (P<0.05) . i S E R COS-2( &l
2C), R EE A 35 CHT, JR A 4 COS (1) i . 25 441 il
(P<0.05), 4R 25 CHf, S+ COS IR IR A
R ( 164.90+55.44 )pmol *m™=+s™", H 8% T H A
PN (P<0.05) .
2.4 COS @EX L 158R BT ARz
Pl L HERE Ry 25 C, M E R AIR(A
3A), ErK# K S0%MWHC B, 5437+ COS B ikt Fx
%, (46.97+14.84) pmol'm'z's'l,ﬂﬁ%%ﬂ:/ﬂ;fmwj
M EIKE(P<0.05) 5 55 KKy 80%MWHC I, A
1 COS 138 i i 2 I T H AR I A~ & 7K (P<0.05),
H Bt i RS AR W YW S COS-1,
COS-2([&l 3B & 3C), 7K %K 50%MWHC B, J5i4i7
+ COS M4y d5 /b, 43 5o (-1.20£0.52) . (-36.5+
33.52)pmol -m™-s™, H &g X T HAL I A5 KR (P<
0.05); Y4 HF S M BE Jy COS-2, &7k % Jy 80% MWHC
IF, 507 A COS MR 515 i (P<0.05) .
2.5 COS BEXKAS CO, iRk E T HI0m 5z
e 4 Fros, MR COL MREE R 0 B, COS Bt
K, H(64.42+13.40 )pmol - m2+s7", 24 S, CO, e i

b =
)] — T s EE .lc“:l.h!.‘“ .................
T
= -200f
E |
i :
;,’f -400
S !
o
1 S S —
15 25 35
TR/
& A
= 200} L
E | P |
o~ ] B
= | i
o —400t
S !
o
_6()0-\. .........................................
15 25 35
TREEIC
€.C08-2
(0] —— T
s |
3 -200
£ ; !
= } |
n —400 i
b B :\...E..
600 b 1 B
15 25 35

51X VS e I T A
ARV NG FRERIRIFAL 1A AR LA 3 22 57 RIS i)
FORFAL LA RN ] BA L2 R * FORIEAL AL L E B
B F M2 (P<0.05)
Different lowercase letters indicate significant difference among different
soil temperature for intact soils; Different capital letters indicate significant
difference among different temperature for disturbed soils;* indicate

significant difference between intact and disturbed soils(P<0.05)

BEXT COS BEFM(HELATMEE ,n=3)

Figure 2 Effect of temperature on soil COS fluxes(mean+SD,n=3)

A 8520 mg+-m™ B}, COS Bt f /)N, M (11.50+6.85)
pmol-m?-s™, RIS CO MM BT, TIERK
COS EI T FEM#SE, LHY 0 mg-m™ LELET, HiAth
CO, ML COS Ry i 9l (P<0.05)
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Different lowercase letters indicate significant difference among different
soil water content for intact soils; Different capital letters indicate
significant difference among different water content for disturbed soils; *
indicate significant difference between intact and disturbed soils( P<0.05)
3 TEEKEN LI COS BEMHM(HEAREE  n=3)
Figure 3 Effect of soil water content on soil COS fluxes

(mean+SD,n=3)
3 3tie

3.1 &I COS BER NN
B A 5T R B W SR R ) - 35 R i W WA
COS Y FE KBS, Ao as R wn KiE + COS /Y

e}
(=)
4 o

COS i i /pmol s m2+s7!

0 393 1375

2357 4321 8520

CO, ¥ /mg-m™
NRVNG FREFR R JF A £ COS MR TEAF CO, ¥R 2 () 1A B35
25%(P<0.05)

Lowercase letters indicate significant difference among different CO,

concentration for intact soils COS fluxes( P<0.05)

4 CO, REMEARL COS BEMFM(HELARHEE , n=3)
Figure 4 Effect of CO, concentration on intact soil COS fluxes

(mean+SD,n=3)

B B m T AR - (B 1), X R - SR/ %
e COS Fyit B AR, JUHJE HHEXT COS 1
W R, S I COS Y BRIR I
(Carbonic anhydrase , CA ) i SE A7 7E FE 222 5 5| COS
I, Kesselmeier 55065 CA [ 50 A 38 J5
R AHE COS M B AR, X SR AS 18—
B, T4 COS TE CA [ 25T /0 E i HoS FICO,, X
A TG 32 3] 3 AR R 5, DR A G
14 COS i i BT 98 H 2 3 R O TE A& Fh R [R5
A2 .
3.2 TIEZEMBIAT COS BER N

HHIAOC COS il s iF o8 K2 K i i + i1 72
PRI S, A 5T 25 L i R 6 1 BRi COS &2
RFFA 4, Wl COS B ZHAL T4 4 (& 2,18 3),
S A KT L G B v 2ok - RS A 1 O I
(1), A7 S RAH BN T 5007 -, TR Fo AR
TS, IR KA SRR A 2 L E
FEOC R, BRI, A SEBR S K/ N T 50 4 o X3 Al
IR W) A R I S L AR A T R e 3 COS
M. HAETAIC COS ity T HELE M C R
FAXSE D AR BT A SR FE A 08 . 5] 4 )
FEM-SEIESY RS I - 458 NO S AR e A B, I
ZEFIMIRFENO i i 2 25 A 5 Porre S5 F 5T 4R H
T IEEEFIXINO [ 5Em KB, - IELE R CO, DL
NLO 3 5 A B 52 M0 o X SERIFFE 450 B - 345 F X <
P ST SE 25 RS A 1 T B A SRR L
PRt FABSRUA B8 COS 38 HE I 2R AT BRI R 1 o
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3.3 JBEEXT COS @E RN

T EEXT COS 3 17 520 O A 3 2 4B AT
TR IEAL + B AR COS MR RN 25 °C, Fe %
iz COS FIREENTF 15 CHI 25 C(& 2), IREXHF A
A E R R RZ R AR IR S e A AR
P A, TR i v s AP 2 (i sl A W T AR AR A
M 148 COS ryid it . AWF5TE L A < COS
W FE A - R I B, 13RI COS FEER
B 1A 0B R 6 11430 JRE DL 5 s S R vy A, £
ezl COS 237 CA B PER M, 52 + HEpt
TS W R A R AN TR, R kb e A O T i
AN—3, TR XA B IR E AT 15~20 T2
[ 181, AR AF 5 i DX Ak S A DR e A U G R T
TR HIX

S LFEF— K AR COS HyRET
W5 s = B R I AR (& 2A) , 24 - HERE ik
COS B, 57 = ANFAAE B R RO , 32 2 I DR 2 i
SCHEF ) LSRR 3 COS Bysmd . Syt
SRR KRR T IR A, I - 3 S KR —
FREEIG, KRN -8R COS RIRE &5 T
HENIER, SEmEsE TIREX 13 COS Mg
i, 23 A6 S 5 B ] — A A YR COS RE ik
SIS & I A 5 KRR RS I - HERS ik COS 1y 2
W, BERRERRK, R 25 Ch 5501 COS
4 W AL Sz T g A kil (T 2B &1 2C) , 3 5843 B9 45
AR, —J7 1, 5 ARSI B ) J2
253, ARWFFE PR ER, COS W FE R AR T, HIERUED)
AT R IS W AR, S B ) S R - R
COS 52 M s 55 ; 73— J7 1, BN COS F2AFFE
T HERZ, B KRR T KRS TE RIS
S 2T R BT B AT RE R R K S 5 Rk
COoS,
3.4 EKEX COS BEHZM

A B COS B f A% 75 7K 2Kk 509 MWHC
(& 3), BaB &K Z 250 1 4% COS i@y ) — 1
BIRZ . Yo ACRERET, A Y AR TR K 5
TRAENH A Y Bk — R R, 25 1
o O, B AT DA KSR BICR 1 52 iw) F3g v
AT T COS-1 1 COS-2 AbH, JFif + Ik
COS 7£ 509%MWHC B g Z g0l (&l 3), X FE R
PR 24 B KR AEBARAK BT, 20 MWHC 1 GE A L
A= AT o Y 5 7K Bl S K R T e s T
TR 0,, HEMIING] T L3 P A ) e il

(6P o kuhn ZESTRIFSY K B /K ARFD - 580l COS
B T AR 1458 849 , FLJ [N 3= 2210 FN 138 Eh (B
T AR L3 X [FRETE F T AT o Devai %
BAEAR Eh (ERASTT , R8s s, Rtk 1
b CA BE M v RE R 2 T , AR 2F T Rl
COS, B i< COS W T 7K % 80%MWHC K,
Sr A COS B2 b T R RE ML B R (R
3C)s

7E AIR b PR (& 3A), 5207 £ % K A 20%
MWHC 1 509%MWHC B Bk COS, JuIM4 4K %N
80%MWHC B+, 438 fly Bl AR BY 1 Wi COS, X 5 i
NBFFEAR—B, Yi G B KRS 85T I 2 Wi
COS, SE 4B ACIRAS 2R COS. X F 2 i T LK 1Y
R AN ], HoR R e A O 2 =, A
Y 2 i 1 KA COS e B2 {1 1 FH 4 398 98 Bk B i
COS, KR LI 1) A gl A7 A0 vk 3 25, TR I 3 B
TR COS iR 2 R 2 W HE R R (R COSik
), Bl ARGk, AR R X B R E R
T3 Ah Yi SEMSEIG ) - R AL T AR, I
SR 7 A R A P] R X F 22 S A S A
3.5 CO, iREEXT COS iBE RIS

RV YRR CO, REREHZ I L35 COS A3 2 LA
Ko A= HEWE WA 5 K BRBE S KR CO, WREE Y I
Tt EHERI COS BERIHI(E 4), COS 5 CO, 1Y
SERARL, BRI E ARSI A e, B o
5T COS 3 CO, BT YA VE R,
TR COS ML B ARIA A& T2, H—BA
05 R ALY A A O, BRI R R Y
CO, N[4S COS s LB , Dl 1 e
i COS. T34, AT L IKA CO, MR EE I b TH2xt
- S A i M A 52, Kampichler S5 PUF5 5k
J&E CO, Xt 39050 A g 7 e & BR - 49 2 1 g AR SR
B EZ RN AERS CO, WREE ETHE A2 /i
ALY ) BT (AR — 2 2

4 ZEig

(D) JEA; R COS & F 54+, Wk CoS Ik F
S il ARSI AT EARAS T -3 COS Bl .

(2) - HERUE Y 25 i - 3 COS 3 1t 1Y fe 32 2
2 IRE KRR CO, W B 5 ma A Wnis
PN RZ I 38 COS i &, K 133 COS BREL
B T KR 25 CRMEH R COS Mk fE
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