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Effects of stimulating warming on surface soil carbon, nitrogen and its enzyme

activities across a subtropical elevation gradient in Wuyi Mountain, China
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Maokui'*, XIE Jinsheng"* "

1 School of Geographical Science, Fujian Normal University, Fuzhou 350007, China

2 Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China

Abstract; To understand how soil carbon and nitrogen as well as enzyme activities response to climate in subtropical forests.
Here, three typical forest community soils at different elevations of Wuyi Mountain were selected. The effects of stimulated
warming on soil carbon ( C), nitrogen ( N), phosphorus ( P) cycling related enzyme activity and physicochemical
characteristics of soils were studied through translocating high altitude soil core to low altitude one. The results showed that
the soil temperature increased by 2°C on altitude gradient. The soil-translocation experiment showed that soil organic carbon
(SOC) decreased most at high altitude (1400 m). The soil ammonium, nitrate, microbial biomass showed a decreasing
trend at different altitudes, but the significant effect was observed at high altitudes alone. The elevation gradient and

warming treatment were found to have a significant effect on soil hydrolase at all elevations in the soil-translocation
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experiment, but had no significant effect on peroxidase and phenol oxidase. On the contrary, the soil-translocation
experiment was proved to have increases on soil specific enzyme activity at all elevations, and the soil specific enzyme
activity at high elevations was more sensitive to temperature increase than that at low elevations. Redundancy analysis
(RDA) showed that soil organic carbon, dissolved organic carbon, soil temperature and moisture content were the most
important factors affecting the change of soil enzyme activity. In conclusion, this study showed that the stimulating warming
had a greater impact on the carbon and nitrogen cycling process in soil at high elevations, mainly by improving microbial

activity and enzyme secretion ability.
Key Words: subtropics; elevation gradient; soil-translocation; soil enzyme activity
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SRR RS AN A7 A SRR M A 2 ORI A AU B X IR IR, ARBIE S LA Ry 2R AR
IR G e A TR b A AT AU, | BTSN [ Y A AR b - ST ol 2 A A e B, AR A FR A
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1.1 BF5E DX B

B T AR A R E R AR X (117°27'—117°51'E,27°33'—27°53'N) , AR 4 X 4 BR [F] 45
R I e R T AR R 1 BB T S ey SRR MR AR S R e, R Tl AR, i BGR AR EK, SF HER
1200 m, AFPHR 18°C AR K B 2500 mm ZiAy ARSI AHXHRIE 78%—84% 1", X A 1A £ Ny
LTHE ELTHE BHEANL A L BEA LKL R R AR R A R R
1.2 FEHbIRE

T 2016 4 10 H, BEHCGR 1L YA AR [FIEHR R FE (1400 m (9 EF AR (CF) (1000m (95 [ IR 2SSk (CBF) |
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600 m [y # AR (EBF) 200 m AYRE AR (EBF) ) 3 ] 35 3 R 07 J AR — 35004 = Fofp e 80 ZRBRE 95 1 Sy S g e
M, TEAS IR )RR Y BEALEE R 4 4> 20 mx20 m By, 7ERE IR SR EE B IR 3 Bl . PR
E R RS 52 2 4 T HERE S SR 20 em (A% 20 em 9 PVC & FEEITREE . KUK 1400 m 9 HHE
1000 m 1000 m A+ E 600 m,600 m A +HEFL E 200 m, £ HBEEE S0 R IFAL A A4E (In sio) FIE e 4
(translocated ) PHMA0 B BN Ab PR 4 DA

1.3 FEaREE L E

F 2017 4F 8 A A kAT H AR SRR . ZERERE T N IBGH IR PEORE 4 B 0—5 em )32 IR S R %
AHFE AT 2 S AV AR N IR A A I SE e 5, KB RIErP A MRRJG , — 3050 BDA T - Sl %
WE 55— 2 mm 35 DB TS 0.149 mm 365 FH T H 3 BRAL R B 2 2 5 3 b — BB 43I iE
FE 4°C KA , T 3R Wy A= Wy e i vl A HILBR AN o 20 o

3R A KR 4 i R FH TR BE 1 (SK- 250WP, Sato Keiryoki, Kanda, Japan) Fl A 3 Sz 8 4%
(TDR300, Spectrum, Aurora, USA) M, + A HLAk (SOC) AR (TN) & & K H HIEB A TR 73 Hr il
(Elementar Vario EL Ill, Germany)ll5E . 6 E ¥k & (MBC MBN ) R FH &5 B Z8 B W 4 R 4 v
SA N BT 4L (TOC-VCPH, Shimadzu, Kyoto, Japan) Il % 18 4= ¥ A= Wy 10 B, FH 3% 22 3 8 23 B A% ( Skalar
San++, Holland ) M %E /M AW A, FTAEMEA HLEK . & (DOC DON) F i R I 26 3 7K 42 B A Bl
WA E DOC &5, S sh /WA E DON &8, HHE6™ B &0 FH S L= 332, oR i 42 3t 3
AR E NH; A NO;

- SEEAE MER O ML IR ( MUB ) VB A AR /R I A I 22 4 ok A Bl 5 1 . 2l 1 i
(ACP) \B-#iZIHE G (BG) 41 4E KK i il (CBH) | £ Tk 2 5L 1 A8 1 i (NAG) , R T L- R RN AR
(DOPA) N R E 2 Pl AL 1 - B S (Ll (PHO) S EL Y (PEO) , I Z2 DI REREHR (X ( Synergy H4)
WSE £ P48 S | BT R AT RE L2 1,

R 1 FRIEIARESNEEE R AR R ThBE

Table 1 Related substrates and functions of extracellular enzymes in this study

Eis] 7} T

Enzyme Abbreviation Substrate Enzyme function

B-H AR B B-1,4-glucosidase BG 4-MUB-B-D-glucoside T VERRAE BR o DAET 4 25 v R 50 28
212 Z /K f# il Cellobiohydrolase CBH 4-MUB-B-D-cellobioside T PEBRAG IR . R Ak 21 Ut A5 B A 2 —H
B-N-Z B R AR NAG 4-MUB-N-acetyl-B- AT MRIL T R
B-1,4-N-acetylglucosaminidase D-glucosaminide

FRIEREMREE Acid phosphatase AP 4-MUB-phosphate AR ARl . = A Ui B W IRk FH 2B R K
3 S AL Phenol oxidase PHO L-DOPA T PERRAR A « I i M 4 i 40y I

1L ALY Peroxidase PEO L-DOPA EERRAIGER « RS E 2> Ak ) o

1.4 HdEabi

AT A — AR BTG P o0 - SR S M SR M A LRAET BT B ) Excel A0BR)S , R
SPSS 19.0 BAFHATEEIT 50T, iz FHBCXHEAS ¢ A5 56 09 5 2 04T [R]— Vg A () Ach 38 ) 2 S %) Sl 38 PR A 0, 0 7
FEAS ¢ K58 77 B4 T ) — A B [ Vg ¢ 1) 22 S 1) i B PR 38 (0= 0.05) 5 2R Canoco 5.0 #AFEAT 1T
PE S IREE R F 1 TCAR 7307 5 AHOCIEI B Origin 9.0 #4458

2 EREH

2.1 TRV AR A Bt - PR A 5 A 5 )
FAHEEHS K600 m) (H1 (1000 m) 5 (1400 m) PR T IEAFEENE 5T T 2.15°C (1.96°C 1 2.21C ,
A A 3 S K SR AE IR 1400 m A0 2355 T 1000 m( P<0.05) F1 600 m( P<0.01) , T AE & #5600 m il
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1400 m 3 AR EAN 4 B3 R (P<0.05) , 437135 25.32%F11 20.84%

A B A TR NHD & R R, Hoh TR 1000 m FT 1400 m ik 3] i # /K F (P<0.05) ; JFA7 4
+HE NO; A RAEEFK 1400 m 5 1000 m b & E 7T 600 m(P<0.05) , HAEE B , K 1400 m &b NO; i
B EREAR(P<0.05) |, HA R A A 8 3 A8 Ak 45 1R JEA £4F DOC A1 DON 5 764K 1000 m Ah =
600 m AbI Ik, A BT AR EE 15 DOC & m YRR, 4K 1400 m T DON 7 H AT B4 5 2 AR
(P<0.05) , HAYGIRTC W45 Ak, AW E AL+ 4E 3 MBC AT MBN & 524 1400 m 35 5 T 600 m( P<
0.01) A1 1000 m( P<0.05) , +-F: B )5 , ¥ 1000 m Al 1400 m () MBC & 2 i ZFE K (P<0.01) , 1% 600 m
W R EAAL, EAEE UG &K 3 pH SOC TN \MBN . DOC ¥t B &A1k (% 2) .

£2 TRBHIEERTEELMER

Table 2 Physicochemical characteristics of soil-translocation at different altitudes

o 600( EBF) 1000( CBF) 1400( CF)
#F4K Elevation/m - - - - - - - - -
AbFH Treatment JEAE L A B LA JA A B A JEAE A B
In situ Translocated In situ Translocated In situ Translocated

ikt pH 5.12+0.06Aa 4.98+0.05Aa 4.61+0.04Ab 4.69+0.11Ab 4.45+0.11Ab 4.57+0.07Ab
KR WC/ % 15.39+0.62Ab 11.10+0.35Bb 16.60+0.38Ab 16.31+0.63Aa 21.44+1.18Aa 16.02+0.52Ba
+HEA MR SOC/ (g/kg) 29.79+3.77Ab 24.75+3.62Ab 68.39+8.68Aa 74.06+7.89Aa 64.33+6.43Aa 50.69+6.56Aa
i] NS L
FTTEEAT DL 114.74+18.08Ab  94.31x8.11Ab  323.55+26.43Aa  258.26+21.34Aa 268.66+17.28Aa  245.34+25.54Aa
DOC/ (mg/kg)
] ] A

IR 18.48+2.16Ab 16.50+1.51Ab 43.87+3.06Aa 46.09+6.74Aa 36.03+4.95Aa 19.75+1.81Bb
DON/ (mg/kg)
B TN/ (g/kg) 1.99+0.22Aa 1.69+0.20Ab 2.87+0.40Aa 3.80+0.66Aa 3.30+0.73Aa 3.43+0.46Aa
AL C/N 14.88+0.30Ab 14.48+0.48Ab 19.55+0.54Aa 19.24+0.54Aa 15.53+0.54Ab 14.84+0.17Ab
AR NO3/ (mg/kg) 5.89+1.01Ab 3.67+1.28Ab 12.36+0.40Aa 10.72+2.70Aa 14.38+3.43Aa 4.59+0.63Bb
BEAA NHS/ (mg/kg) 26.50+1.35Ab 23.99+0.83Ab 76.47£16.62Aa  46.49+7.63Ba 41.41£4.99Ab 29.99+2.19Bb
BT Y 468.29+96.00Ab  454.74+138.47Ab 1183.81+184.64Ab 516.22+41.01Bb 2224.72+310.27Aa 1778.45+60.51Ba
MBC/ (mg/kg)
e s W H WA
LRI ATER 76.22+6.64Ab 54.90+5.75Ab  106.10£10.40Ab 110.86+7.45Aa  187.81+25.25Aa  124.93+11.82Aa
MBN/ ( mg/kg)

KRG BE A RIS AS [7) b BRI AR B LA, /NG B A [ — Ab B [ 4 ) A M L, M [ 2 B 22 SRR S 3, R ) o B U A 3
5 (P<0.05) ;EBF . % Z8 @M #K, Evergreen broadleaved forest; CBF ;£ [&RZEH, Coniferous and broadleaved mixed forest; CF: %4k, Coniferous
forest; WC: /K%, Water content; SOC: HHEA HLEE , Soil organic carbon; DOC : A #EA HLEK , Dissolved organic carbon; DON: AI ¥ IEA HLA,
Dissolved organic nitrogen; TN E%&(, Total nitrogen; C/N ;B & I, Carbon/Nitrogen; MBC ; f{2E ¥ /L #)#% , Microbial biomass carbon; MBN ; {2k %)

H WA, Microbial biomass nitrogen

2.2 N[RIVEER AR A A T A Bl T A 1) 5 )

A5 A - K B R AR AR S AR T NI RRE , ERE B S 4 FhoK AE B (R PR B R
(ACP) B-HIZENEH B (BG) (LT 4E K /KM (CBH ) | LBERA S AW (NAG) ) WG PEAE I 1400 m ¥ #5]
1000 m J5 34, 763K 1000 m B4 F] 600 m J5 A, 1 MR 600 m B 5] 200 m 5 AR E . Ik
) A A R A BT 3 AR T ST B SR AL A A S R e T DL A X A T K
PESZR R T X S A MR A S 3 5

FE5 SR PE RS B TS PR U — AL B G A W i, T DU G A 2 57 G2 0 RN - Bl O =2 1) Y
AR, R A ) 0 WA BE T o ASBIF9E b DA w1 I ARSI, AR RS K i
I — A BTG HEBR TR 600 m &b NAG 0 —fR RS M N 9, HARo KBRS 3 2 B s, Hhigdk 1400 m 4k
BG IH— LR 1000 m kb ACP JH—fL RS M: 2L K 1000 m AT 1400 m 4t NAG I — LB 1 15 2] & 2 /K
(P<0.05) ; A AEG A — LG PEAE AT B s RIAE 2 B, Hrp 1000 m 4k PHO \PEO JH— k16 V5
FIKF(P<0.05) , TAEHEHR 600 m Ak, A i 48 35 X 75 i U3 — Fb BTG 4 34 TG (8. 35 5 i, Ut A v g 3 - 4805
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Fig.1 Soil enzyme activities of soil-translocation
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Ak AT A A SR M A ) 3 AR | ol R RS PR AR L 55.5% 1 18.4%

AN T) 4 B 4 (R A 398 00 — AR G v & A I AR Ak . RDA 0 Mr 25 R R, IR B AR 5 = AN g3k
o AE B 3T — AR B AR AR R R RREE 43 ) R 97.27% .96.54% 1 90.86% , it I - B 855 K T~ 114 22 3 X
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Fig 2 Soil specific enzyme activities of soil-translocation
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RZ KA TR R 5 R A e S K SR AR 2 0 ] AR % (2) Rinnan 87 7855 22 W Ab R
HIRIX 10 A IRAF ST KB, 1458 NH; & it W BRAIG, B34 TE T 68 5 S an AR A s 3, K o+ 3 R ZE plie
WSO P XTI UK 555 18 T T - A ORI PR PR AT B0 20 78 B T L % 40 B b AR R 2R A i 1 A
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B 15 1 (BG .CBH NAG \ACP) Y7V 1400 m B FEH 1000 m 53G0I, ZEME4K 1000 m B 600 m
JEREAL, MAEEIR 600 m BB 200 m J5 B R 3E . Hi BG BIE AL 1400 m EH 2] 1000 m J5
S BAIN, BIRR A A T PRGN, 3 U A RO X A B S R R S R R, T B e
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NH; i B E TR B4, TR 39.2% , nTRE& T3 BC MG MR A 2R, suoh, kBl
TR 1400 m 405 P MISERY ACP IG5 34 0, Zhou %57 AR b 7 IR 55 FURE IR AT 50 45 SR S AR 9T — 3%,
AR R T AL G VR A X 0 b DX 2 %) T L0 I ACP BEERY 430 , 75 B 22 A0 SO, AL R
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