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Response of soil extracellular/intracellular enzyme activity to long-term elevated

CO, in a winter wheat field of North China Plain
ZHANG Xinyue * , BAI Jiashao, HAN Xue, XU Yinlong

Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: Currently, there is still a lack of sufficient studies on the responses of soil enzymes to climate change in the
agroecosystem. In an attempt to address this research gap, we investigated the variation of soil extracellular and intracellular
enzyme activities and its driving factors under long-term elevated CO, treatment in a winter wheat farmland from North China
Plain. Our study was conducted at the free air CO, enrichment experiment of Changping, Beijing. The planted winter wheat
was exposed to ambient and elevated levels of CO, (400 pmol/mol vs 550 pwmol/mol ), respectively. We collected the
surface soil samples from four different growth stages during the winter wheat growing season. Our results showed that the
elevated CO, treatment significantly improved activities of extracellular carbon acquiring enzyme. However, activities of
extracellular nitrogen acquiring enzyme and both intracellular carbon and nitrogen acquiring enzyme were not affected by the
elevated CO, treatment. In addition, we also quantified the ratio of extracellular to intracellular enzyme activity which
previous studies did not pay enough attention to this before. Based on the statistical results, the elevated CO, treatment
increased the ratio of extracellular to intracellular carbon acquiring enzyme activity but decreased the ratio of extracellular to
intracellular nitrogen acquiring enzyme activity at the maturity stage of winter wheat. According to Pearson correlation

analysis, both extracellular carbon and nitrogen acquiring enzyme activities negatively correlated with soil pH value. The
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influencing factors of intracellular enzyme activity were different from that of extracellular enzyme activity. To be specific,
the intracellular carbon acquiring enzyme activity positively correlated with soil water content while intracellular nitrogen
acquiring enzyme activity negatively correlated with microbial biomass carbon. Nevertheless, the effect of above influencing
factors was unable to be detected under the elevated CO, treatment. Only intracellular carbon acquiring enzyme activity
showed a negative relationship with soil total nitrogen. These results highlighted the importance of studying intracellular

enzymes, which could provide new insights into the response of soil processes to global change factors.

Key Words: elevated CO,; North China Plain; winter wheat fields; extracellular enzyme; intracellular enzyme
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influencing factors of intracellular enzyme activity were different from that of extracellular enzyme activity. To be specific,
the intracellular carbon acquiring enzyme activity positively correlated with soil water content while intracellular nitrogen
acquiring enzyme activity negatively correlated with microbial biomass carbon. Nevertheless, the effect of above influencing
factors was unable to be detected under the elevated CO, treatment. Only intracellular carbon acquiring enzyme activity
showed a negative relationship with soil total nitrogen. These results highlighted the importance of studying intracellular

enzymes, which could provide new insights into the response of soil processes to global change factors.
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AHFFE RIS Mo S A T 5t B X (116.14°E ,40.13°N) |, J& T4t - Ji 4 /N2 Rkt [X, Feboped ol B DA &
INE /KR — ARG R L AR ERR 12 °C AR K R 600 mm, R RUAAE M L A HLTR A
21.9 g/kg, ABFFEKIE FACE SEE IR iZFE4 H 2007 dEFE 8 E BT 24, ekt /N - E R a/NE -k
SEAE, DI L AEY)Z CO, WREETH R sgm Kl VR - £ HEE SR BT, XAk R E S B K
A4 (2007—2021) . HEHREEE 3 Kk, ILBEE 3 AN IEREIAI 3 A4 FACE iR 18, BB 0 HAE N 4 m, 45 8l
ZE BIEIBAAITE 16 m( BARET 4 1) L L, %8 FACE B CO,(fiiFK eCO,, (550+15) wmol/mol) , %}
HRPE g LU E CO,(fRIFR aCO,, (400£15) pmol/mol) . BHG AT FHA /N iRl 42 175,2020 410 H 6 H
B, 2021 42 6 A 11 HUkgk, /NEAEE RN R 97.1 mm, FHESE 8.6 °C, 24T W N & 226.5 kg
N/hm” | Jiti# (P) & 138 kg P,0,/hm* Jiti%f (K) & 90 kg K,0/hm*, N B4 B AE 538 08 0.56:0.54 1 Lt
FH. JEHEME N £ 123 kg N/hm®  UfFBARAEIR & (& N 46% ) FIE SRR S 8 (& N 18%) . 1B AEAL it i
JRZ i N 4 103.5 kg N/hm*, P JERT K ARAAVEJRC AR , 43 ) B R S0 — 4% (7% P, 0, 46% ) R ALER (% K,
0 60% ) — UK PENEA , IS THER AT — K, 28I T/ NZE 33T 00t T, b A 30 A4 1 B 45 004 T — Uk i
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ARG T AN S 5 C I . B~ %5 B 17 B ( B-1, 4-glucosidase, BG) | £F 4k — % /K it il ( B-D-
cellobiohydrolase, CBH) FIPiF{ 25 N FRELAEE : N- £ BE-B-D-#ij 25 #11 # ( N-acetyl-B-glucosaminidase, NAG) |
2R R = FE K ( Leucine aminopeptidase, LAP) , BG .CBH NAG F1 LAP iX DU f2 >4 /iy iF 5% b d5c o 95 FH ok
FAES5 C N R AR 50 W@ 7S Allison 2557 IR0 )7 1 FRELEY 2.5 o i )5 7 BN A 91
mL 28 RO HCE TG Bt R a8 B rp s B RE 1 min, SRS 5 AR BB Pk, IR 7R BEHER S T T B B e
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FHEE K (SWC) B9 E R 105°CHETFREE VL, 3% pH (EGE A pH 31 (ST3100, BZHT, FE) P,
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Fig.2 Changes of soil carbon and nitrogen content among different growth stages under two CO, treatments
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Fig.3 Changes of microbial biomass carbon and nitrogen concentration among different growth stages under two CO, treatments

2.4 JAN S M PN A
2.4.1 JE5MG

Jish BG BEIEPELE aCO, Fll eCO, AEFH R 435124 141.3 nmol g h™ H1 146.8 nmol g™ h™", KW CO, ¥
T (E 4), BLAN CBH BTG LM Y eCO, ZbHE T+ &= 3] 70.7 nmol ¢ h™', i3 & T aCO, Ab FH Y 45
54.3 nmol g™ h™' ([ 4) . Mish BG FI CBH B P4 H A7 AE b 75 1 i 0] 3 28, 4038 B 76 T A6 FHS 32Ul & T
PATANESRIN , H. CO, e BEALBEAS X Fp AR L RLAE (&1 4)
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Fig.4 Changes of soil extracellular enzyme activities among growth stages under two CO, treatments
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JEN BG F1 CBH B IG MEHSASI N, CO, WRETHE (K1 5) . BG BIGTEFE aCO, 1 eCO, AL T 43514 105.4
nmol g~' h™' A1 105.8 nmol g™' h™";1fi CBH BIGPEFE eCO, ALFL T 4 61.2 nmol g™' h™"' | HE T aCO, LT AY
56.9 nmol g™ h™ WEA I (& 5) . AP BG Fil CBH i 14 2 — B i ) gl 2 | AR AL T I 138 B fe KAB I E A%
B HGEFER(E 5) o
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FHETN#E, N aCO, ALBE T 1K) 34.5 nmol g™' h™' #4111 41.0 nmol g™ h™' (& 5) . AHJZ, LN LAP EE3G 104
WD N aCO, AEFE R ) 406.4 nmol g™ h™J/D & eCO, 4LFEF Y 342.9 nmol g h™' (& 5) . IE NAG FiI
LAP BES M Bl A 75 00 52 B 0 A s[RI 328 (045 A A9BSR 9 32 COo, WAL s ma AR [m], I
JI NAG BTG PEFE aCO, AbFET MHRTT 2IHE I B 38 0, SR 5 76 LA R 2 /e AIX, {H7E eCO, AL T LN
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Fig.5 Changes of soil intracellular enzyme activities among different growth stages under two CO, treatments

2.4.3  JfAM 5 Pl R 4 ) BB S AH B R

C N SREUEEE PE A LA N L (EE (1E) AN CO, ¥ EE T (K1 6) . C 3KHUH EE :1E 7F aCO, Zb 3T
1.6, 15 eCO, AP THINN T 18.8% , iK% 1.9( 8 6) . 5 C 2RI EE :1E AHS , N ZRIX ) EE :IE 7E eCO,
AEHER A WD EY N aCO, AEBR R 5.7 Y/ 2 eCO, AbFE R 4.3 F#IK T 24.6% (& 6) . C N FREFA EE
E AR R E R RIS IF AR A —ZOR B KA (E 6) . A —BUWE, U C JRIUH Y EE :1E
TE eCO, AP R &, 1 N ZRERFAY EE :1E 78 aCO, 0P N & (& 6)

ST BAH C N BRI A M M PN G 18] 1) G 2R DA BHE— 25 T kA 0 %o T oAy G 0 L 7 1) 0 T SR e, A
WFFERT - S A1 L Nl 2 R EAT T Pearson FHOCHE AT, 25 R BN . #E aCO, A0FE R, M C ARIUEGTE 4 5
MO P B NSRBI 52 BB AIE A C R (R 1), 1 eCO, ALBER M4 C RGP S5 M4 NSRBI 1
EREMNAALKER(ER?2),

2.5 S AN R P TS T ) PR 2

FATHT CO, W BE T R X 3K ST B A8 A R 2R s, 43I LU T PIRR CO, MR BEAR BN | - S Bk P it LA

B bR SRS Z IR . 1E aCO, AL AR C N BRICEGHE M0 -5 -4 pH 35 6 ¢, I HLif
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Fig.6 Changes of soil extracellular to intracellular enzyme activity ratio among different growth stages under two CO, treatments

EE. Mi4hi§ Extracellular enzyme; IE; MU i Intracellular enzyme

Hb N BRMEE S TN B AR (K 3) o (HAE eCO, ALBETR 1AM C (N SRICEHE P A 2 L 5 B M B AN i 2R
Py HE PR A (R 3) o R R DR AN R TS, 78 aCO, ARBER I C BRI SWC K IE
AR, I N RHUHE 5 MBC 2 2 ARG (3R 3) o eCO, Ab B [RIFEHI 55 1 P45 PR 20T I A Tl 0% 2 1 52 i, SO0
ZEENAN C ARG S TN AFFE R F A (3R 3) .

Fz 1 aCo, AET RSN RE A B 1 2 [ B9 Pearson 13X R EL

Table 1 Pearson correlation coefficient among soil extracellular and intracellular enzyme activities under aCO, treatment

TR UG RARILHE

HHL CO, YRBE Carbon acquiring enzyme Nitrogen acquiring enzyme
Ambient CO, fa4h L fia4h oA

Extracellular Intracellular Extracellular Intracellular
TR Hgh 1 -0.23 0.25 -0.26
Carbon acquiring enzyme ol 1 -0.25 0.76 "~
HARICHG Hgh 1 -0.26
Nitrogen acquiring enzyme ol 1

x % FNTE P<0.01 /KB 2

x2 eCO, SIEBT T EEMIMOAENESE 42 BH) Pearson 1K RE

Table 2 Pearson correlation coefficient among soil extracellular and intracellular enzyme activities under eCO, treatment

Tt CO, WeE Carbon acquiring enzyme Nitrogen acquiring enzyme
Elevated CO, fa4h A fa4h HE A
Extracellular Intracellular Extracellular Intracellular
R Jgsh 1 -0.45 -0.63* 0.03
Carbon acquiring enzyme ol 1 0.13 0.17
FAR Jgsh 1 -0.46

Nitrogen acquiring enzyme Ji o0 1
* FIRTE P<0.05 /K 3

3 it

31 CO, Ve T %8 - UM AL T 1 05
ARGt A N AR E], 515 C SRR CBH BERHEWIRE CO, B FHE I T 30,19 (1 4)

FEAAHEY T TR BIIEN A 5% 30 CO, W THRFRRIEFIRES 5 C L o HRDHR 18 (AG) A1 BG I

PERIR | 25 C g MR R 27 , CO, VT FHRG 20t - MEATHLIR M2 TE M O, 5
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HIMAH T C M ABGR BRI BT CO, HBE TR e S ik ARHFFT AL T 3T AR A X
R, R CO, W BT = A FREAAEAE IE ORS00 . T[R9 WSS BN [R] Y C R RS 42 57, 5%
W FE il 2R IR M A b AR TR 56T CO, YR TR iR S 1 s A ) AU E % N Z AT R R
P PR AT IC AR UL, X SR A W7 A T £ N ARBUEE G M, R B e R ok A el S A 9 SR
WHES , EEH] CO, W FHE R NAG BTGP 1 55 — 00 A /K RS A AR 55 000 2% B0 CO, Wk E T i AN R i
NAG BEIEYE A6 LAP B TEYT . AP RIBEAR 85 LRl , - H 2 B2 5 N AREUH) W FhEE NAG Al LAP
FITEPEFR AN B, eCO, AbF (B 4,5) A N ZREUEG G AN CO, W BETHE SR #A ¢, N AE Ak
HT SR MR A TG N SRBUR AR , SR WA AR e 2B P2 R 3R BUZ IR T R

F3 LTEMSMIBENEEENES T ENEE R Z B Pearson X RE

Table 3 Pearson correlation coefficient between soil extracellular and intracellular enzyme activities and soil environmental factors

HHL CO, W EE Ambient CO, T+ CO, WE Elevated CO,

Lie LN BRA L R BRACHL RS A
Driving factors Carbon acquiring enzyme Nitrogen acquiring enzyme Carbon acquiring enzyme Nitrogen acquiring enzyme

Jash H Jash ey Jash el fish M

B A~ =N

ii}é AR -0.30 0.82*" -0.28 0.40 -0.03 0.35 0.06 -0.01
Soil water content
pH {& pH value -0.61" 0.29 -0.59 " 0.34 0.32 -0.04 -0.45 0.40
4=k Total carbon -0.25 0.07 -0.31 0.24 -0.22 0.22 -0.19 0.07
4% Total nitrogen 0.09 -0.34 -0.57" -0.44 0.48 -0.59" -0.15 -0.08
Al
‘[.‘ﬁ ﬁﬁ*ﬂ@% -0.17 0.21 0.41 0.45 0.05 0.09 0.15 -0.43
Dissolved organic carbon
Al Pk A
j(ﬁ HEA . 0.31 0.40 0.19 -0.04 0.27 0.21 -0.17 -0.10
Dissolved nitrogen
1,7,‘(’13%/1:%;5}}’3 0.30 -0.23 0.11 -0.68 " -0.24 -0.08 0.28 -0.23
Microbial biomass carbon
BN EWER -0.24 0.15 -0.28 -0.29 -0.11 -0.18 0.38 -0.21

Microbial biomass nitrogen

- il o S3RIFRRTE P<0.1, P<0.05 & P<0.01 /KVF-583%

FL C N R E MR R CO, R BE T ™ A e 7, (2 C N BRICEHE PERY BE <1 7EEA3Z CO, YR
THE R E ([ 6) . AR, W R C RGP EE < 1E 292 0.6—4.0, N FRIEGTE 1 EE :
IE 292 3.0—10.9 , WA= Wyt 1) T4 5 22 Wl o WS B A0, JUHOR: NOJRIBURG . 24 A</ NAZ E A,
A Y R LN R N B L 52 eCO, ZEFREZ I I HX M2 7E C N %“EX@EZIEHT — 3, KU
J CO, RFETHE AT 2 C ARG/ FC R ML Ah 3 22 N R IR OR B 7E LN (81 6) o X B RE WOR SUM A
AURT LA A W elAE i A 7 3 W LA 5k 9 750 A 20 L N AR A A TR SE B, AR 5E4 5%? B AW A= 0 i 7
CO, Vi & T e 11— T i ZEA L2 5 2 5 Rl RN SR 43 P R E M AR P 1 43T

CO, WREFHRILEIE T C N SRS M Z 0] A AH B OC R AR 1L, eCO, AbBE T JFEARIA C N JRIEFZ
[i) 4 5 A R AE DT % R ITAE MU A C N SR 0] B0 0 25 AR OG (R 1. 3R 2) o AR A A LR LA Y
TR MAMEA — NS A SN T (A1 CO, WeBETH) M C N FRER i A4 0 B 1A DG HA 4 S e
H B P B VR R A R, A5 A A A i P il 5 2 B R T R DT I S 56 2B R0 T 5T A
P 2L CO, WRFE TR T R 1 M Al =2 ) 7 G R, 2 i WL 25 38 i Al =2 [ Y 28 AL OG5 38 1 Ry 3 vy
AR BT UL Al R T N 5 LA 23 BCAT G I I TR 0T S 3 58 ) A e S e 7 | R B A/ AR A LG
) A
3.2 SO M AR PA TS 1 ) B R R

15 aCO, ZLFET  Fifi 145 pH (ETHE IAh C N SIS PEAR W R (R 3) . AWFSEHa i, Mish C N 3K
B B pH (E 23 3k 4.3 A1 7.2, 24 358 pH st b 3 fc 3 (8 b f 5 350 0% 2 Bl - 498 pH TH i TR0
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4 Hig
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