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Effects of elevated atmospheric CO, and O; on soil enzyme activities and microbial biomass

SHI Cui—e', Al Fu—xun? WANG Cheng-run", YAN Shou-bao', CHE Yun—cheng'

(1. School of Biological Engineering, Huainan Normal University, Huainan 232038, China; 2. State Key Laboratory of Pollution Control and
Resources Reuse, School of Environment, Nanjing University, Nanjing 210023, China)

Abstract: Pot cultivation of green vegetables was performed in Open Top Chamber(OTC) platform to investigate the effects of elevated [CO,], [O;]
or [CO»+0s] on soil physicochemical properties, microbial biomass and soil enzyme activities. And thus to explore the ecological risk of ele—
vated atmospheric CO, or/and O; on soil microbial systems in the future. The results showed that the elevated [CO,| increased the contents of
dissolved organic carbon(DOC ), dissolved organic nitrogen( DON ), total phosphorus(TP), total carbon(TC ), ammonium nitrogen( AN ), ni—
tric nitrogen (NN ), and soil water content(SWC) to some extent. And thus differentially promoted the contents of microbial biomass carbon
(MBC ), microbial biomass nitrogen(MBN) as well as activities of soil protease (PRA ), sucrase (SA ), urease (UA ), phenol oxidase (POA ),
acid phosphatase( APA ) and neutral phosphatase(NPA ) in the soils. Contrarily, the elevated [Os] reduced the contents of DOC, TP, TK, TC,
TN, AN, NN, SWC, MBC and MBN to some extent, increased ratios of MBC/MBN, and contributed to the decreased activities of PRA, SA,
UA, POA, APA and NPA to some extent. However, to some extent, [CO,+0s] alleviated the inhibition of the soil microbial biomass and soil
enzyme activities by the elevation of [Os], and also limited the activation by [CO,]. Meanwhile, the elevation of [CO,], [Os] or [CO,+05] did not
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change the tendency of the soil physicochemical properties, microbial biomass and enzyme activities. Therefore, the unusual alteration of

soil microbial biomass and soil enzyme activities can be used for assessment of the effects of elevated atmospheric CO, or/and O on soil mi—

crobial environment of vegetable fields in the future.

Keywords : open top chamber( OTC ); ozone(03); carbon dioxide( CO,); soil physicochemical properties; soil microbial biomass; soil enzymes

AR, RASHAZ CO,.05 YREETH i 5 4Bk
N S AREZG I v oe s W ) I P 2 S s & 1] 6]
WFFAIREH], KA COL R IETHR T8 3 MU A )
MR I AN L S MR B 2R | -3
WAL AN 5 50T , LA AT KA 5 0 R RS
S IRAR A el SO - S SRA R, DT P TE Ml S 0
TS RGN, ATTEH R FACE
(Free—air CO, enrichment ) ¥, OTC (Open top chamber)
ARGV COMREE TR 25 T - M R G
AR, 13RS IR R B RS RE SR B LA
L ARG Gy B fige , LT AR A m] S bt t -3 v &
AR/ fs 2o Ry i iid ey B T e w2 o
TN KA COL S5 Y 554 T LA SR BT Y S
755 H AT R LR Ay HE MRS
e a2 (AW A AR HRGE™ Tk
FREME . BRI RIS CO, 18 A AR TR, S
FRA CO MRBEFH T TR WX R . HEVRSS
o - SR A ) e DA R S I 5 i ) B Y
v AT — B Zhie

05 5273 — il = U, Wity 2 i) 2
JGF o AR TR 2R A SR o Os 3l
ALIEAFEII L, FEAR AL T B IWDG A A A
IR WS R ATAE ) AR ) 1 R 7 1 4500, 05
JETR IR R 70 MR R A i T R S - ) 3
AV , B - St 2k e R, AT VR A b A 28 AR
PREGTIE DTS VB TR | T BERETS PR RN By 25 ) o
B ATTEH R OTC RGERTER T 05 W
T XA AN LSRR P R GER SR T RIS R B
O T i Wl 2B AR A8 RGeS 843 VR R e b |
o0 BT FLIR R B AR AU P , O,
WS TH R REE 5 5 SRR W I RE AT A= W
Ot T M ) ek AR 1 (B DGR I A 24 9555

HHl, ZEBOFRRHIA— CO, B O FhEif A4
BRGNP, T & 25 %
WFENIA R insi o 2R, FEl AR5 TR CO, AT 05 Tt
fe AR - BTG P 5 e A A DL . AT
OTC V-5 N AT 1 T -T SR AR R G, IR

TICO] [0 FI[CO+O0: T i 514 F - a1l . 2
AT R WA TR Tl | JOR 8 A PR I 5 A LU R B )
YRR, LSRRI CO, B0, THi
Xof St SR SR AR

1 #REFE

L1 K FE50EAR

RI-F G 00T L Rl AL X (118°57736.15”
E,31°7'23.99'N), P HE 445 4 MR ZE: M AEMIE
HRA; —NMERH CO, MR HIE# KA 200
nL- L7 — AN E 3] 05 YR IR # KA 50 nL- L7
—AEEEN CO M O WRIEE G T . A& /il
e, Bt 2 m, 5 2.8 m, CO, F#kFUHE(Q/JB-THB002,
A6 K Tl A FRA R $E, CO, AR A B 5t K
BRAERAR, 4i)F 99.9%,0, i1 B A K 4E
(NPF10/W , INAREESR) ;= o CO, BY, Ol I 43 e R Al
TSR 5 IEE IR A5 8 i XL
(SFG-2, FipAES) )l AN, A HE L E
JECHR A A rp RSB A 1 1 /NFLCELAR 0.5 em)idE
ANTE R, SR FE R E TSI H 3 AN R
AR SRR R R S s A P SR RS EE
e 3~4 Y, CO, #eFEFH CO, KA (Li-7000, Li—Cor,
USA) Wi, O ¥ BE I O5 #0143 (Model 205,2B Co.,
USA) Wi, % 24 hil A CO,, E A O [T ]
AR 9:00 2R 5:000H KRN o

2014 4F 6 44 - 5850 AAE4E (10 kg-257) , Jitl
I AHE(2 g- 47 N-P:K =1:1:1), BH#E TR AT, SR I5#%
10 JUd PP - ( iR ). o Bk -3 TE AL
2 OTC 4 M REH, H [Amb].[CO,).[05].
[CO+0s], 73BN IR KA COLL R 05.CO, 1 05
RAETHR .. BRAEEE AR BRI R,
R AERIRER 3 B/ INEA—S & 380, @ kb 52
B TOK, TR 30 d SR AR AR T Rk

RRRARTIN 5 2047 -

1.2 +EBU RN E

- SRR A T 0 o S B AR VRS T
SRR 38 K s I # 2C pH



BERRR, % K CO, T O, TR RSy - ST MR UE 0 it i 1105

445 pH {i 5 I FH AR BA DT b (o e 5 4 4 5 1
JE IR SO R I 2 0 (K ; B FH 296 % N/C 20X
(EA 3000 Series , Italy )l % G (TC) FHLEZ (TN ) 5 1
FHUR 87 5153 HT4X (FIAStar 5000, FOSS ) 4 45 45
NH;-N(AN) 5454 NOs=N(NN) FI# %L P(AP); R
FH TOC 43 H74 (Multi C/N 3100, Jena ) il 52 + 3 0] 7
PEBR (DOC)F R HEPEZE (DON )P,

1.3 TEREWER(MBC) MM EWE R (MBN)H
E

MBN2L, 1 ] TOC 43 SG o 12 3 A Wik Je 4 N
55 (Multi C/N 3100, Jena), MBC il MBN fi1454 77
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fitf (SA)RH 3,5- A KGR L (A5 € , UL 24 h
J& 1g LEEA R 1 mg #AHEE LM 1 mg glucose-g™'-
24 7'y R CUA ) TE PR FH 2R 3 B - O SRR B T € 3k
Mg LL 1 g 1398 37 CHEIRESF 24 h A=Al 1 g NHa-
N EH 1 wg NH=N-g"-24 h™', ZHAEfLlEF(POA)
EHRAE AR E TR AR TG 401 g 115
TE2h NAER T mg B AKEFRE LN 1 mgPG-g'

2ht L IERRIERERR T (APA ) FI R PERERL E (NPA )T
PERR R R — ANk E T I0 E B 100 g 13T 37
CHEEEEFE 2 h A /% 1 mg P,Os & XA 1 mg P,0s+ 100
g—l,2 h',
1.5 #iiEaciE

L SPSS 18. 0 FRAR s 4758353 Hr (Dun—
can K565, P<0.05) , v FH Origin #AFER

2 HBRESH

2.1 X5 CO,.0; A5 T M RA I

& 1Al hL, K& OTC H CO, Z/F1 O, [T,
+ 3 NN TP . TK I TC 1) & & 2 [CO,]>[amb]>
[CO+O:]>[O:]ARfb Fa T wit NN 1 5, [CO, |2 FZ 21 2.
2 en F H b B4 (P<0.05), [05] 2 B2 4 i 2K F
[CO,| F1[amb] &k 3 2H (P<0.05) , M [CO,+O05] W 28 fi# T
[O5]%] -3 NN 4 il /£ F (P>0.05) . 5[amb] 55,
[COJ$2 T TP 5% TK 93 & (P>0.05), [0 M55 T
TP 5%, TK g ZHEFER(P<0.05) , Mi[CO,+05) X ZZfif T
[Os]% TP 5% TK 6l 15 1 (P>0.05) . [AlH] & 3K, 45
FRERHZ AR TC &) B ARk (P<0.05)

+ 4 AN DON. TN FI DOC £ & i K /MK IR
K1 :[COLJ>[CO,+05]>[amb]>[0s], 5 [amb] H45 , [CO,F
[CO+05]i55 T AN JH i (P>0.05), 1M [0s] ] 5 2 AN
R H R AT At = Fhb ELH (P<0.05), DON il
TN &t 5 AN B2 fb S AR, H A A3 R I
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DOC & ARk i 2 (P<0.05), 7 FiRSZI 41T,
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Table 1 Effects of elevated atmospheric CO, or/and O; on soil physicochemical properties

AbF Treatments NN/mg-g™! TP/mg-kg™! TK/mg- g™ TC/mg-g AN/mg-g”! TN/mg-g™!
amb 9.98+1.12h 404.65+45.90bc 10.78+1.89h 13.14+1.20ab 0.77+0.10be 1.28+0.20ab
[CO,] 13.72+£2.61c 463.33+47.09¢ 11.40+1.31b 14.70+2.32abc 0.93+0.12¢ 1.50+0.21ab
03] 5.87+1.57a 293.50+23.07a 6.78+0.70a 12.30+1.30a 0.56+0.12a 1.23+0.19a
[CO.+0s5] 8.43+1.13ab 370.60+50.00be 9.71+1.02b 12.89+1.31ab 0.83+0.12be 1.40+0.18ab
AbFE Treatments DON/mg-¢™ DOC/mg-¢ AP/mg-g”! SWC/% pH
amb 16.45+2.40a 33.54+4.00b 7.76x1.21a 21.77+3.06a 6.11£1.50a
[CO,] 18.25+2.05ab 72.36+10.34d 20.81+3.97¢ 28.36+3.51b 5.78+1.00a
[05] 14.23+£1.50a 20.70+2.56a 12.27+1.96b 24.49+4.00ab 6.35+1.65a
[CO+05] 16.57+£2.21a 44.74+4.67¢ 14.12+1.98b 24.90+3.50ab 6.17x1.11a

1 :SWC & 7K & Soil water content; TP 4 S i Total phosphorus; TC 24 BBk Total carbon; TN 4 % Total nitrogen; TK 4> Total K; AN %%
5% NHi=N; NN A% NO:-N; AP NA % Available P; DOC iy ] 5447 HLEK Dissolved organic carbon; DON i u] #5447 HL % Dissolved organic
nitrogen ; ${EACF A E AR UEZ Values represent mean + SD, n=3 , AN [F]/NG T KR [7]— 41 22 53 1. 3 (P<0.05 ) Different small letters in the same col-

umn represent significant differences at 0.05 level; R [fi], The same below.
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Figure 1 Effect of elevated atmospheric CO, and/or O; on contents
of microbial biomass carbon(MBC) and nitrogen( MBN)
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Figure 4 Effect of elevated atmospheric CO, and/or O on activities of urease( UA ) and phenol oxidases(POA ) in the soils
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