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Abstract: To understand the distribution characteristics of soil carbon and nitrogen and their labile fractions as
well as their relationship with environmental factors (enzyme activities, soil pH, and understory vegetation di-
versity ), soil samples were collected from four vegetation zones (evergreen broadleaf forest, mixed evergreen
deciduous broadleaf forest I and I, and alpine meadow) along an altitudinal gradient (870—1 760 m) on
Mount Huangshan. Three 10 m x 10 m plots were arranged in each vegetation zones, and 10 sub-samples (0-
10 cm depth) were randomly collected in each plot and mixed into one soil sample. Variables tested included
soil total organic carbon (TOC), microbial biomass carbon (MBC), dissolved organic carbon (DOC), readily

oxidization carbon (ROC), total nitrogen (TN), microbial biomass nitrogen (MBN), dissolved organic nitrogen
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(DON), soil urease activity, B-glucosidase activity, catalase activity, soil pH, Shannon-Wiener and Simpson di-
versity indices of the understory vegetation. Analysis included one-way ANOVA and Duncan multiple compari-
son, Pearson correlation, redundancy analysis, and Monte-Carlo permutation test. Results showed significant
differences in soil MBC, DOC, TN, and MBN in different vegetation zones (P<<0.01). The soil microbial quo-
tient (MBC/TOC) and DOC/TOC in different vegetation zones were significantly different (P<<0.01) and gen-
erally increased with elevation. The soil MBN/TN  (5.79%) in alpine meadows was significantly higher than in
other vegetation zones (P<<0.05). Soil urease activities generally decreased with elevation (P<<0.05); whereas,
B-glucosidase and catalase activities generally increased with elevation (P<<0.01). The Pearson correlation and
redundancy analysis showed that soil labile organic carbon and N fractions were not only dependent on TOC
and TN, but also closely related to urease, B-glucosidase, catalase activities, and soil pH. Also, according to the
Monte-Carlo permutation test DON had a significant effect (P=0.006) on the distribution of soil enzymes. In
conclusion, soil labile organic carbon and N fractions in the Mount Huangshan Forest Ecosystem were directly
and indirectly related to vegetation types, and greatly impacted soil enzyme activities. [ Ch, 2 fig. 4 tab. 29
ref. |
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BB SZAF A AN TR Y s g, JF 5 KRR A MRAFAE RO S AAR AR, DRIHAE R R 2 1Y
TN, WFFEERE AR 5 A - A HLR AR B0 AR U8 A i s A B B 2T VM BILBK (dis-
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oxidization carbon, ROCWE N T IEIGPERRZERY 3 N H AR R, W THRF R HAR, BrLURE T S Lk
(total organic carbon, TOC), B AE WEERARIAIE Bl P BE 928 LB DOC AL BES IR MR HB 7] 47 5
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AN RNy, o EIEAPIRE 2%~5% , TEFR IR A LRI i mEEAERE,
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Wz SCH N B B W AR B e B MR ST X ) BRObR - Sl SRUE KR DG i
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B T 22808 P 38 (30°01'~30°18'N, 118°01'~118°17'E), HrIX AN 160.6 km?, Hi#h & 21k
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12,1 HakE 20184F 7 H, WWEILABF—EMTUEIE, LUK, MR SRR oL He A,
Fe2 300 m WEIRG e AL T AL SRR 4 NIRRT AR, FEHIEARTEN LR 1, RSO I E
3410 m x 10 m BRET, B L S BURAE 10 1~3R)Z 10 em WA LR, HKEZ M=, —6
HAEIE 2 mm 065 RAFT 4 CORFE s g ol . &0 M AR e, 55— 0 AT ad i
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Table 1 Basic situations of the sampling sites
fOBD FEBEZER EHRm LR FERFh
WA Cinnamomum subavenium, H X Cyclobalanopsis glauca, /N X Cyclobal-
anopsis myrsinifolia, WM IR Symplocos anomala, EA# Castanopsis eyrei
RN FX, IEFR, B Eurya rubiginosa, SR 1€ Rhododendron ovatum , #iiT.

EDF [ WA T 1 100 FigE B ZE T Neolitsea aurdata, S NEY <] Sapium japonicum, WP Mallotus Japonicus , e
{3

EBF  W&kindk 870 HHE

Castanea mollissima

EDFI TR | 440 - # 11F1BY Rhododendron maculiferum, WRILZL Rhododendron simsii, WX, HiRAE, W
MR - LR, Z2BkH Ulmus castaneifolia, 21542 Taxus chinensis

AM L B 1760  Hfat B Eulaliopsis binata, MM Sanguisorba officindlis, Bl % A rundinella anomala

1.22 EEFEHAHBIAER  BA YLK (TOC) HE R FAb-FMn LI %E ; 2% (total nitrogen,
TN) P ERIEMRE ; pH A ALEIRE , /K 5 Ho 2.5:1.00 Gl Wt e (MBC) Aol A4 ) 4 2R
(MBN) IS 07 FEAGR P2 E ™, A LR A L4 0.5 mol - L AYBRARHHR $2 30 min (LRI 1L
L4, SO BT HLBR i RO A AR 0 A S 4 BB - BN T IR AR RE o wpe=E/
0.45; wyw=EN0.45, Hrh. Ec M Ey il BB MR EZE TA K, AR 2, HBIRECh
0.45, VW fEEA HLASK (DOC) FI A HLA (DON) il g e, 258 KR i 52 OK L B ol 501)
30 min, EHE(1S 000 rmin®) B0 10 min, J1] 045 pm SEIEAIE, JIAT U A7 (LA 0 e v 21 51
DOC, HatBRBR A fb- 58 S8 o G EE VA I A2 JE MR TN, HE B 15 LU A5 00 8 NH,-N, 2240 06 BE VA T
NO5-N, N wpon=wi—(wnin+wnon ) o 25 BAA HLEK (ROC) FH 4G TR A7 AL M %8, 1 0.25 mm IR+
Jil 333 mol - L™ A f R FNAT 25 mL, #E%5 1 h G0, BRSO R 250 £, 7E000EIET 565 nm i
KTl

123 L3EEEEM  IREE(UE) FHEER W L A E , MG PELL 24 h -9 4 NH-N &R (mg-g™-d ™) ;
B~ 1T (BG) PRy b (i, I 1 DA ™ A X S R Y 2R (mg - g7 d ™) 5 1 AL Sl
(CAT) FH e PR e v A, s LA = RIS R 1) R B PR B 2R (L' - h ) 7))

124 ATHA SR REFMA TGRS, RBEEE | B, RES, TR EE
{E, Shannon-Wiener ZHEIETEEL(H) . H=—-X PInP; Simpson (EHEIRE(D): D=2 P, H. P RWHTs
WYIRR I EL ZE,  P=(RIXT SRR+ AN R ) /2,

125 #HEHHr I SPSS 20 BAFGEiHor#r, PR Ir 225317 (one-way ANOVA)F Duncan 2% AN [F]
WA B B A9 22 57 . Origin 2016 BXAFHIE . F R 3.3.4 2kf4 Performance Analytics £ Pearson #H5C%HE
FEIET; Vegan GLIG IS MEATE A MUK . AL TUAR M7 (redundancy analysis, RDA), X% £dis 2517
Hellinger #51k, 999 X452 B k5 % (Monte-Carlo permutation test) % 23055 K1 A9 B 2 ME:

2 R E AW
o1 REEHEERS TEBEREERAS

AR VRS -+ A5 Y FL I VR 43 2 BB B AR AL AT (3 2) . W B B 1 -+ 2 TOC A1 ROC
Rt A BE SR B2 L A9 H I3 MBC -3 B /U S , EDF 19 DOC -4 it 40 B iy |
HAHER AR MBC R DOC [ A0 B 7EME 1B 25 5 (P<<0.01) . BABH AR [RIRERIE 25 ARG, B
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B HEE R E AR 25

H2¢ 2 AT, ml®if - TN, MBN K& DON Fif /s, 209k 4487, 260.99, 74.01 mg-kg™,
LR A R SR T 1238 TN F MBN 1 &2 /0 80K, 435128 2.85 F1 65.70 mg-kg™; H&RRF M AR /Y
135 DON B/ 80mA%, 4 39.35 mg-kg', Uil EIR T IEA R ARER R . ARV gH L1 TN
FI MBN JE i - B e 25 25 57 (P<<0.01), AR AT (8] 1Y 1- 4% DON Ji R 400 i 5 22 5%,

®2 HUAEBEKEHRTTEREEELEEHES
Table 2 Soil carbon and nitrogen and their labile fractions in different vegetation zones along an altitudinal gradient on Mount Huangshan
Mg TOC/(g-kg')  MBC/(mg-kg')  DOC/(mg-kg') ROC/(g-kg')  TN/(g-kg')  MBN/(mg-kg') DON/(mg-kg™)
EBF 5843 +17.16 a 66436 £ 232.03 b 45.66 = 19.72 ¢ 21.51 + 11.30a 3.01 +0.70 b 8228 + 7141 b 3935+ 18.71 b
EDFI 4799 +7.64 a 61431 £ 81.71 b 50.67 + 549 bc 1322+ 1.88a 2.85+043b 70.66 +46.52b 54.41 + 11.40 ab
EDFIl 49.89 £9.78 a 627.00 £ 91.62 b 102.29 + 17.58 a 1627 + 469 a 2.85+0.60b 6570 +28.53 b 6555 + 15.77 ab
AM 56.67 +4.13a 133157 + 10341 a 7436 1041 b 1777 +3.05a 4487 +0.20 a 26099 + 80.22 a 74.01 £ 3.01 a
F 0.67 18.34 9.64 0.88 7.06 7.36 3.65
P ns o o ns *k o ns

P, RRFRFRES BE(P<0.05), * FREFWEE(P<0.01), ns FREFALF

2.2 ARBREHT HEEEEVRE S E LG

MBC/TOC B R LI A NFR 3 AT L. ey Ll e fa) = A 3l A 0 (2.35% ) WA S v T H A A
M, TR SR AR L3 R (1.129%) B Ml H a7 R R ASA T AY DOC SE-2543 B He 451 (20.65% )
i T AR, H AR MR DOC SEXI 43 iE L BRI (7.95% ), N TRIVEHRAE B HY B s A 0 A R
DOC/TOC fA7E i #2557 (P<0.01), SV L H kI AR ROC M EC LBl K (35.11%) , 2R 7% i
MHRASHR T MR /N(27.66%) ARV B HE 3806 A HLE0 20 B A9 22 IS [R) v R AR AL R AR 1 L)
1 MBN/TN(5.79% ) B i i FHAAE g, (HU2 & L s ) DON/TN (1.66% ) A%, AR T HAAE 92
B R PE I RE TR S AR MBN B4 B0 H A, DON 423 e 014 v o 1 B A AR Bl 26 280 5 i) - 33660
i%i%;%mﬁ P, MIE—E R ER IR 13 DON Z0d L],

® 3 HIAEBHRERT TEEEFIBREN S E 5]

Table 3  Percentages of labile organic carbon and nitrogen in different vegetation zones along an altitudinal gradient on Mount Huangshan

TR MBC/TOC/% DOC/TOC/% ROC/TOC/% MBN/TN/% DON/TN/%
EBF 1.12 + 0.08 b 0.08 + 0.03 ¢ 35.11 + 10.66 a 247 +2.07b 1.41 + 0.86 a
EDF [ 129 +0.11b 0.11 = 0.01 be 27.66 = 272 a 238+ 126b 1.96 + 0.60 a
EDFII 1.26 = 0.06 b 021 £0.02a 3226 =298 a 242+122b 2322041 a
AM 235+ 0.10 a 0.13 + 0.01 b 3128 +3.88 a 579+ 153 a 1.66 + 0.14 a
F 119.12 25.59 0.78 3.51 1.44
P *k w5 ns ns ns

Vil . AR FRFRRES B (P<0.05), ** FREFWMEE (P<0.01), ns BRERAERE

2.3 AREEREHT L IEEEYE

WA 1 PR DREEESG VETE 2k AR iA e mafl, 4 1.81 mgeg'-d™, FER LRI MRS T T
RIARAE, H 0.73 mgeg-d™, HIX 2 FAEGR A IREEE 122 5 855 (P<0.05) . -2 W 11 Bl A 4
SRR TE = L R ) R B s T, 43R 2.05 mg- gl ed” M1 19.12 mL-g™'-h'; B-HA M B Lk
P R R ASHR TR 3G, M 0.94 meg™'-d™, it E L EEEAE 7 St AR T B9 3s AR, b 11.30
ml-g”-h™', AR B B-H % B i (F=23.85, P<<0.01)Flid A AL & (F=23.24, P<<0.01)¥J 54k
BEES, KR BEZES (F=4.47, P<0.05),
24 MHEXMERTRIH

W 4 FiR ;. SIS B 38 R LG PR 25 39 A At - R 2 [R) A7 A — 2 R
Kotk BhHIERRALS> T S, TOC 5 TN(R=0.65, P<<0.05). ROC(R=0.90, P<<0.001) f77FiB3& AR
#; MBC 5 TN(R=0.96), MBN(R=0.92) , B-FiZ MBS M (R=0.86) 2 A% i 3 1EAH X E &R (P<0.001),
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Figure 1 Soil enzyme activities in different vegetation zones along an altitudinal gradient on Mount Huangshan

i LA (R=0.66, P<0.05)BEEHIX; DOC 5 pH B EMAIN(R=—0.65, P<0.05), 1%
43107, TN 5 MBN(R=0.89, P<<0.001), B-HjZMH MG (R=0.76, P<0.01)#k BFHIEMHIE; MBN
5 B-#i%RETTE(R=0.82, P<<0.01). %A fLEEF(R=0.66, P<<0.05)i%M:H W& EAHE; DON Hid& ik
ABETE(R=0.58, P<0.05){EIEME, SIREHEM(R=-0.97, P<0.01)REM B ERMAXLER, L,
A5 K BT IR L AR AR, A 5 & T Z M TEAH R R

R4 INMETEY Pearson tHESHT

Table 4 Pearson correlation analysis between environmental variables

AM AM EBF EDFI EDFII

FE Ay SR

0
EBF EDFI EDFII
FA B A

At TOC MBC boC ROC TN MBN DON pH UE BG CAT H D
TOC 1 0.51 0.14 0.90**  0.65% 0.50 -025 -0.38 0.47 0.16 -0.12 -0.04 0.02
MBC 1 0.20 0.34 0.96%*  0.92%%* 039 -0.04 -0.08 0.86%*  0.66* 0.10 0.01
boC 1 0.06 0.21 0.26 027  -0.65* -0.49 0.01 0.34 0.14 -0.23
ROC 1 0.45 2.31 -0.18  -0.44 0.30 0.05 -0.31 -0.05 -0.04
TN 1 0.89%* 037  -0.08 0.02 0.76**  0.57 0.14 -0.03
MBN 1 0.19 0.00 0.04 0.82*%*% 0.66*  -0.09 0.21
DON 1 -0.04 -0.79%%  0.48 0.58* 053 -0.51
pH 1 0.14 0.26 0.16 -0.13 0.24
UE 1 -0.23  -040 -0.23 0.30
BG 1 0.81**  0.09 0.08
CAT 1 035 -0.17
H 1 -0.96%*
D 1

P . RIRTE 0.01 AT CRUI ) 340G, * FRoRFE 0.05 7K CRUi ) I i 240 ¢

DL SR e o AR b TR ALK . EAE R i, R A R RN AR AR T R s AT
RDA 73, W 2 AfJ0. TIEE I SIGtEA LR . A4 R B, TR 86.96% 148 5, Hirh
B HARRR T 75.11%0978 5 6 2 MR T 11.85% M7 S A TR SRR I M T, AR
i 5 DON AR A A, WJEILEBES DOC LUK B-HZ M HE 5 MBC, MBN 45 7R 5% /Y 1EAH 5
P, XA E SRS R, SRR R TR L DON KT 43R (1) 715 i 520 ik 2]
K (7=0.695 7, P=0.006), Y57 ALK 2 4L 50 % - BERE/AR BY P R BN KB/ IMK IR R
DON, MBC, DOC, MBN #lROC,

3 i

REER AW MR R HiE M H ST

LB B 5 TOC B HL T 4k 20 43 e 40 B8 TR IR . FLAE LR ) S AV R A s 22 5
ATRER SRR R B R B R, SRR, IO S VR, AT S BE I TOC B R IR0
NI R . YRR R 0 1 T T P (1 2 R R B R AT | TR AR LI

3.1
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i, A LT R o ol 2 50 1 TS A PLAK :
PR, A HURUE I Z AL AR AR . MBC
FeAb A, REERER SR ANIRER , LR LA GR )
JEE R B ) K i A o A 2 A R AL RE 7, DKLt DON
DU SR R K B UIAR DG 2Y BEE BRI, R
TR, BEMEIAR™, ARG 1760 m @il
i) (1) £ 38 0 R R CH TG PR 2 0 1) o i 0 ORI 5 oA
TR B s . DOC H1 DON Bk JE T A HL
BT, ARG UL R ACE AR, MR R
1 3 % 2 5 AR B 3 DOC A DON K High &2
TU P53 WUE . DOC EERIE TRIZ HEP W

RDA2(11.85%)
S (=) S
o = &

(e

|
e
)

VY, L DOC if) T AT AR 5 B 25 1k —04 —02 0 02 04 06 08

VEED < g St L N “ " RDAI1(75.11%
T, SRR | FERILE L A R SR+ ( )

DOC il DON ({9 N E 2, RRBFEE T ¢ EBE ®EDFI VEDFIl ¢ AM
TR, T T A RO R R R, T B2 XIEEEERL LIEEEAIE RS T
RO B R R R R | BT B B RAAT
%%%mﬁﬁz%ﬁ&ﬂ@ﬂﬁﬁ&iﬁmo JHS, *E%ﬁ%ﬁ%gf Figure 2 Redundancy analysis (RDA) of the enzyme activities
FOE LA ) SR BT 13 MBC, DOC #1 MBN Jit
B BTN 2525 ST BN 22 | TR ROR I T s B BB 5K 4392 St +-1E MBC, DOC Fil MBN
TR R A IR A RS 25 B B TR
32 AEEHEHE L EEEEHURS L HIER

B IR (MBC/TOC ) W) - A LB Sk A W O BURS 5, TTR o +- SE AUR A
0 7E S WA T SR BB H 1S MIBC TR I Bk MK T+ S WL BB AR
5 LB 9 - R IR A B MBN/TN 1] 5 25 T LR s | 00128 L1 ) R TR BOR A,
W SR B R RCR S, IR R LA Rt B . ROC 40 H A LB 1 5340 T
SERA HUBBIT PRI | 12 AT AU B LB B S AL B k™) 3 DOCITOC e DOC T
ST MRS I+ SRR, FLHCRTEOA , OV BRI R, R R AR
FREI DOC 4 H B/, H ROC 4 F BRI R 3 G b L A DU R E 2%, A
FHHERROFZE . DON Bt 4050nT LIS + 08 R ENZS, 5 9 DON/TN 38 I3l Ik 1 Fi T 5 2
SR TT R AR A, DT 520 R L B 0 ARG 45 S % . R ISR B9 DON/TN (1.41%~
2.320) T E G, TTREE BN E AL T VT RS B, 2R CREERTI Y 7 D ER T,
VR
3.3 AEEHEHS L EREHSIRSETFANER

B AR L 5 - G PRI IRAT G s IR & B ML B K AT R IV, 5 B0
T RV A R AR 26 s ok R A S MR X P = 2 e A A, AT 1 ke A e
BPEER, RS R LR o BARE, AR R, BRI, L3 p R AR A
ARG VE R |- S R R TRAGIG M 1 SRS R, RS0 40 TR 5 T M B S R W o i )
ERFE LS S, AT 4R M ) T BT A T P AR T R AR . AR A
B9 h DON 25 005 L1 AR [ 4R R0 S + R VM . YANG 5B 9 & B, -+ B o 7 LA
oA AR 25 R G A A HL R ROV A4S R . REN 80 ROBF ST W] .+ BEmGE 1 15 4 e e
SRS, TR DON, BT RN A MU E W B e 00, o AL AR S
YA Ktk MBC, MBN 53X 2 RS 2 E A G

5% ROC 4, ABFSE &I TOC 5 HAA HUBRIEYEAL /M 6 506 2, T FUER R e WL P
OIXFREAS A OB, AL S22 5 A DU A LIRS — 5, 0 DUBRTE P2 4 1o A5 4k,
ZHH LN B RSLRIRIL, IAS 7550 % B LR R 200 5L Jebt S 2 REE A HLITE (DOC

and soil labile organic carbon and nitrogen fractions
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A1 DON) ZEZE Hh i 70 TR A A A, HCVA A b v S R DR, TR 38 pHL (B2 LT 2 P B RE R ™
BeAh, TERRYERSED, UM ESZ R T LR R N SRR ARG, T S B U R A i e, +
BEAPURC S L, ik, 3% DOC 5 pH {2 W G, EANITIEN . M HEIEE R RER
SN LSBT PR A LR B0 S WY OCHE N 1, T2 52 0 - S A A LBR I T 50B0 HE 733 ) OB DA -
ABIFFE RS [F R SRR IO 1 S TR AT PR S AR S AR A2 ) E W BAH G OC &R, (HIR R W I 12 AE
M, PR L LS PR LR P S AR AR Z (] Y 5 R A TR e — 2D

4 Hi

Bk ROC A1, B4 =ik 13 TOC, TN MHGE M 0 R Bk b m TRk, BAAFE e
B S VA 22 5 . AR T AR, LA Y 13 TOC, TN RS M4 43 it A B0 4 e
MBC & MBN 53 Fe B s, AR H Sk AR 13 DOC/TOC fe/N, ROC/TOC ek, 3Pk
FERREMER 22, 13 DON AY4THC Lo B R de o H G S 4k 0 5 . BEE AR T, IRER TG PR BiA 1t
VAR, BRI AN AT A S TR A R IR TR . R 4155 TOC A TN i
AyEC. pH (H MBS TEZYIAASE . HHEE PR A 4153 DON i 500 - HER A A, A2 1 42 ol )
TS # L  ER R S VAL MR A, D s ot i SR VR D AR A B, o A AR AR
JE A B AP X A P EL A F R

5 5FXw
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