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M, JRZEWEHE L, SAKHAL34 668 hm®, K
1500 ~2 650 m "' 5 %X & L A b SR 5 A
Ly iR i A, AR AR B, R IR AN
s AEYRRLLC, AEREZKE600 ~ 900 mm. ¥ 5K
L F 205 VU 3p . 20 32 8 e 0 3 B Y L0
2 DX e % T Y 2 TR L A, L M 25 B R
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1.1

Rl ANMHRERSEFHERER
Table 1 Basic information of the 6 typical forest stands
e +HepH
52 No Vi (AT Lafifjind b Z A Affie TR (kE25:1)
Woodland Position Slope position Soil type Soil pH (water:
longitude (m)
soil=2.5: 1)
1 Btk 3k 34°13'34.5"N (R 1777 FgE 4.48
Quercus aliena var ~ Matoutan 106°5930.7"E South slope Brown soil
acuteserrata 1
2 Bith 52 FRK I 34°12'46.0"N R 1639 Frige 4.34
Quercus aliena var ~ Xinjiashan 106°35'12.0"E South slope Brown soil
acuteserrata 2
3 A Ly 3 e 34°13'26.5"N [ 1591 i 5.09
Pinus tabuliformis Matoutan 106°59'12.3"E South slope Brown soil
4 SIS b3k W 34°13'14.0"N bk 1605 T 5.09
Pinus armandii Matoutan 106°59'3.7"E South slope Brown soil
5 =iz 510 34°16'51.4"N 2R3 2175 I o b 5.07
Picea asperata Xinjiashan 106°31'38.0"E South slope Dark brown
soil
6 AHRIRAS 3 e 34°13'18.5"E R 1653 (ZRES 4.70
Pine-oak mixed Matoutan 106°59'15.1"E South slope Brown soil

forest

e BHEPHIZO ~ 20 em)Z HIEIE LS Note: The data of soil pH are values measured of the 0 ~ 20 cm soil layer

1.2 TEHARE
TE IR 7S A~ LR Hh 230l 15 B 30~20 mox 20
mfIARERE TS, e kBR IR IZRATEN Z, S

RAES DR AR, FERDHESCRIO0 ~ 10 em

10 ~ 20 em3RJZ LRE . RET . M i 5 & o
1.3 {LFEMRNE

HRLT A U A
A HLBCR T H A IR A AL s 2R E RO T
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4 3] W ESE e ZR0G LDk AR S SR P IR G R BT 1039
G (#EHTKJELTE2200 [ shPL e A0, Hidl ) (1)

Py BAARA . BRURYOROE; BAE. HBRPUIL A
(#E722NTT WA T, 1) s ke
IR S8R0 0 390 SR P R S A IR AR B, KB
( sherwood M4 105 K AEYE LT, JE ) FIE .
1.4 TIEEFEMENE

T EREF A B 2815 minf&, M0INA R
PR Gz bl (-7 0 1T 8 . KGR TP 10 ml
FIpH6. 20 B R 28 th i 20 ml; £F4E KB :. 0.3%1)
BRI YEZR 20 mIMpHS . SHEIR 22 M5 ml; Mk
fiti . 10% PR ZWEW 10 mlFIpH6.7 B R 2% th ik 20
ml; BEFRMEG: S%WEIRAR AN 20 ml; MU -
3% = ARFETVAM A MYFEW (TTC) 0.5 ml; 950
E LR (FDA) /Kf#E. 200 plfFDARIpHT.6
FIREIR 2% thi 15 ml ) , 37°CHHIRR I (FRFDAK
ff B E30°C R 4597 ) Ja, BURE Fb il a2 + 3
WAL A E IR, R TE LSRR A
AR . Ao BIRK A EE . AR (Glu) |
NH,-N. f (Phenol) . H W (TPF) F9tH
(pgg'h™') Fin.
1.5 HELE

+ B DR EFTE M ( The total enzyme activity
index, TEI) [15]:

P, EANES iR RS TG, EA S [FIF + 1
B V- YME A PR 1Y SR

Tl 56 A0 i AR AL BER Fl Microsoft Excel 2003
o, ZEERFEN 00 (PCA) K HSPSS
17.05AF 5347 o

2z R

2.1 FREKS HIEUEMERTN

THEANT R LR EENOERE —, K
R —E PR BT S R A L AR
2FH, MBRIRAE S IIAR0 ~ 10 em - HEAH HLUF &
B B S R AR, WA 2249.16% . £ bk
THAANURE S . MBRIRAS > B8 > Bith 51 >
RS > BUEBE2 > H IR, FLBEHI IR R, &
WA HLT A T, JChas R IR Rk, MABRIRAS
BN, BRI, BRHAIR GBI TIRS
B, ABAAL F R AT, 1875 R o TR S M bk
WA H T LA N T, R LA PR &
G A AT P AT S AR e ST RN
i R T A AL T

2 i IR R R

Table 2 Soil chemical properties of the forest stands studied

o +J2 AL £ ik A Alkali- A R L G
Woodland No. Soil layer Organic matter Total N hydrolyzale N Available P Available K = Slowly available K
(em) (gkg™) (gkg™) (mgkg™") (mgkg™") (mgkg™") (mgkg™")
1 0~10 71.32 3.35 352.6 2.22 196.7 589.7
10~20 38.20 1.99 230.2 1.03 104.4 632.1
2 0~10 42.27 1.98 202.4 2.33 112.4 499.5
10~20 21.03 0.95 121.8 2.14 88.36 523.5
3 0~10 54.87 2.39 231.5 1.29 136.5 625.0
10~20 25.82 1.78 141.3 1.13 100.4 536.4
4 0~10 38.35 1.64 192.1 8.09 140.5 795.5
10~20 24.44 1.51 138.9 4.25 104.4 706.9
5 0~10 72.23 3.46 361.9 2.22 280.9 1253
10~20 58.60 2.93 332.7 2.05 176.6 1208
6 0~10 75.44 3.14 3224 2.40 176.6 559.9
10~20 74.02 2.83 296.7 1.73 168.6 493.2
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REEMERNEEER TR —, Hbh4e
A HEA R SR AR A YA A R IR AR
Bl 7 R U R e SRR i T A AR L
AR - i, I B A R R IR 7 R R R R
HGHE R, AR 4 A 7E0.95 ~ 3.46 g kg2
], RZ IS E RGNS B8R4 LA
2652.60% . FAkih HESEIE: S8 > IMERIE
2> BUEERL > A > IR > Bl iR, HE5H
PUTR AR 2 IE A OE (#=0.940) . BlfR A & >
121.8 ~361.9 mg kg™, #H2:466.35%. HH0~10
emBRAE PRSP LIRSy LI A S R = . 45
M+ AR B A . =42 > ERIRAE > Btk
> IMAS > RIS > BLEHR2; HE5AMR . 2%
X2 B3K0.944710.970 (p<0.01) . 7w H A+
BHRH g, PIEARTMES AN —
o BECIEREN N, ARG, HhBisR
2 A A . DA A S R IR R K, R A E
P MR T 2 14 1 i 2R Ko s e /1 o

B TP EEEFR TR —, Ko 505
PRI ER UG, e S BUKMRE BRI
FEFEHNZ —, SeEFRaMt, AR RIEE
PR Py R ORI Y i . 3R R MR A
SRR AR AR, JEFEIFE1.03 ~ 8.09 mg kg [,
T A M T & (12.89 mg kg™ ) ")
ForprAE LA - A R & b v T ARG, AR
0~ 10 emf F i, A MU A BREE : AR
> BLRERAR2 > 242 > PRI ZE > B AR > Tl .
Wil SEUREE RGN, BES R SURIRRAL, b B iR
5 = A2 o3 5 R AR/

PR LT REERITRZ —, BB R
fIE AT (A ) R R 25 0 & i B O R B 0 A
i, Y USSR R A Sk R T AR, S
Pan s G IR S BT € I S N Ve el 5o
1£88.36 ~ 280.9 mg kg ' Z[0], Ho S RS
M0 ~ 10 em = 2 5 EARAI10 ~ 20 em$i 6 FR2HH 25
68.54% . £ MM HIEH A HET . =2 > IHRIR
> BUAERL > RIS > RS > BEAR2 . 1T 28 50
IEAA XS, R S & e SR
o+ ERAAE N . =k > RIS > BLGHRL >
TMAS > BRI AE > BivitR2. sRCH 5 2308 (a1 A
KERBOK0.648, RUIME—ERE F ZFHXCREN
WY, WA TR EEE AN, A5 MHh HUSCE  a  RE
fiX, Bl dR VB R R, MARIRsC i/ HEL

AR LB A AR 222 AR & s 3G, AR MR IR BN
2.2 AREM®SLIEEEFMET L

PE MR 2 - Ml TG PR L R 3. P e 4 R il
S-S S 5 LA R . +
WAgEZMEYESNE: o2 > BUAER2 > Bl k1
> M AR > IS > ARIR S, = 12 FBL UG Bk 2 il
WS AR 22 5 W, R A2 S ERIE 3 H
7:66.89% ; 1 JZ A B IE PEBR AR IR AC M 3 22 7
Fo P-HEBEITEEIE TEXIE . =82 > BlikERL > 42
S > B BR2 > A > VPRI RS, e 5 B (IR [a]
TH2£69.88% ;5 =42 SERBLG AR LI MRS 25 T 33k
KA, ARG ] il v 2 N L, AR
HAS TR R 25 R B . B AN SR
DA . ERACER M g e ) R W IEAR DG, H
H5 2 4 FZ ki 3 A E (r=0.742) , /R
HH AN 52 0 B I A 1 S AR A R 2B 1

IR Tt 2 M — 7K e R AR S, X R AR
AL A EEAEH . B RS E R B
ViRR L > AR 1AL > B HR2 > AR > BRI 2 >
=t BRI S aEREE, SHAMGER
YWARRZE, sE5RBINERIIMIMN 2RI
F, B SRR 2235.51%, + )2 8BS T RR A
BRIRAC A 22 3 i 2

4 1% it e e 02 A7 LB Ak 5 W oK i ol T WL B
RO Y R KT SRR, HIE 2P o 5wk
RAW AT SRR bR, MR 4E RS pH AT 4
RIRYE . B A PEBE R B . AR SCREI T IR M AN
PR B R A ) PR . R MR BEIR R TR MO s AZ > Bk
BR1 > BLAR2 > SN > 4B 1FS > FARRIRAS, Hifml
TP KA 22 1.956% s = MBLE#R1 5 H A0
¥ 2EREE. SHB L2 EREER. KR
P B T A I A A A RURIT O 3 A G
(r=0.633. 0.671F10.636) . A MMM ZE+
R G YR B 2 S, HMARIE A = 2 10 AR
BRI, T L A MRl B AR — 5 A A o i Tl TR
WEHEYE: 282 > BUERL > WAL > MERIESE > ¢
s > 8ithtR2, a2 58RI ZRARE, 5
Ry 2 22 53 b 3, R G3 T) il 35 P A s 5 R AR
FH2£2.964% 5 BRASRIEACHN, HAv £ Mot + el S
PEAS [A] 2 W ) S 25 25 S o ol P 1l R G095 P 5 A L
B AR BRA . SR R GERR B B
FEIEME (r=0.642~0.901) , FKILEZRWE kP
S W R A — AR L R ORI
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Table 3  Soil enzyme activities in the soils of the forests stands
Woargis L2 TYERME PR Ji it M%ﬁ?ﬁ #&fﬁﬁ It St i 7K fige it
Woodland Soil layer  Cellulase  B-glucosidase  Urease Dehydrogenase FDA
No. (em)  (pgeg'h?) (pgeg'h) (pgeg'h™) phosphatase - phosphatase (pgeg'h™) hydrolase
(pgg'h") (pgg'h™) o
(pgg'h™)
0~10 2.38+0.33a  37.02+1.16a 20.37+1.18a 429.9+17.33a 60.69 +3.74a 7.29+0.35a 51.70 +4.33a
1 10~ 20 1.10+£0.07b  15.15+0.96b 12.34+0.19b 208.0+7.76b 2691 +0.23h 5.87+0.64 b 31.90 +3.67h
- Mean 1.74B 26.09AB 16.36A 319.0A 43.80AB 6.58A 41.80AB
0~10 3.26+0.18a  23.12+0.36a 15.60+0.49a 310.8+19.74a 27.83+0.05a 4.86+0.05a 37.58 +2.41a
2 10 ~20 2.03+0.18b 6.05 +0.22b 8.11 £0.51b 136.9+5.77b  11.62+0.19b 2.80+0.13 b 23.04 +2.86b
FHMean 2.64A 14.59C 11.86AB 223.85B 19.73C 3.83B 30.31C
0~10 1.97+0.21a  19.89+1.25a 14.50+1.23a 267.5+7.6la 35.56+0.23a 6.58 + 1.33a 30.48 + 8.26a
3 10~ 20 1.36 £ 0.05b 7.38 £0.76h 8.92+0.96b 127.7+0.55b 20.60 +0.37b 4.81 +£0.22a 27.39 +3.30a
-1 Mean 1.67B 13.64C 11.72AB 197.61B 28.09BC 5.70AB 28.94C
0~10 1.68+0.27a 28.69+3.78a 20.09+2.31a 239.0+8.8la 35.56+0.23a 7.60 £ 0.02a 56.25 +2.85a
4 10~ 20 1.00+£0.09b 10.35+0.85b 9.57+0.48b 118.9+4.13b 17.43+0.19b 6.24 + 0.20b 36.96 +4.47h
- Mean 1.34BC 19.52BC 14.83AB 178.96B 26.50BC 6.92A 46.61AB
0~10 3.63+0.31a 42.27+1.60a 12.12+0.42a 356.6 +13.75a 76.76 +3.50a 5.55+041a 56.66 + 0.95a
5 10 ~20 2.41+£0.13b  24.99+0.87b 8.98+1.45b 293.39+1.90b 40.11+0.70b 3.99 +0.85h 46.78 £ 6.33b
FHMean 3.02A 33.63A 10.55B 325.00A 58.44A 4.77B 51.72A
0~10 1.02 +0.15a 11.44 +0.49a 13.30+3.83a 190.0+11.50a 26.74 +1.96a 4.54 +0.18a 40.60 + 5.84a
6 10~ 20 0.97 +0.10a 8.80+0.54b  10.01 £0.30a 142.6 £+ 1.90b 27.27 +0.09a 4.17+0.01b 35.30 £5.20a
14 Mean 1.00C 10.13C 11.66AB 166.31B 27.01BC 4.36B 37.95BC

T WPECF R RF/NG S0 BRR LR M 2R B E (p<0.05) 5 FHIETEARRKE YR pm b m 25 0% (p

<0.05) Note: Different lowercase letters in the same column mean significant difference between treatments at 0.05 level; Different

capital letters in the same column mean significant difference between treatments at 0.05 level

W +Jiindd 1041

AR R 5 e R I T S A S I A G
(r=0.848) .

JIt S RE AL LS N, B R S A A i
YRR, G PERE A 2 1 S A WIS MR T fig 24
PR EETE AR o PR R B S A . Rl
Py > BLABRL > AL > =42 > IERIRAE > Bl %2,
o, A2iliby . BLEER1 S 242 0 IABRIE A K B iR
PR222 5 B 25, MR 3 (B) TG P Ji KM 22 1.8 145 5
FEBR AN AR DA AT g At b b rpr 498 2 U D G 4
¥iikERWE.

FDA K fff i 5 R0k . SR AR 5 3R 0 4R
bRk R %), BEASAR Iy-Hb s W 2 45 [A) A HIL ST 1 % 4k
Ko IR E . BEEEERIE . S82 > 1L
P > BUEERT > IAERIRAS > BLIGER2 > WL, =25

ABRIRZE . BEGAR2 SO b ] 22 5 | 2, AR LA AN
B AR 1S B ER 2RI AN 25 55 S8 2, PR G0 B) O
I RAH2E44.04% ; BRIARIRZE R AR SN, AR
Mo JZ I FD A K 15 P2 25 5 3% . FDAUK i il
WPE S 2R A . AU R R ) 2
Ak B IEM G (7=0.582~0.755) , #3785 TFDA
K fipt Bl S ] A5 A R R AR B

Y F R - HE R 5 4 fb 2 M T 2 R O RO
Sta—3, H MR —EEE EHE T A 2 5
A SCHH3 T - 5 SRR I ETEL (%4 )
0~ 10 em T3 SAREFE PRI H . =42 > Bk Hk
1> AE1RS > BLEAR2 > WA > IiRiRsE, Hd =
S5 MERE M 2£51.07%; 10 ~ 20 cm 3 Bl
PR . =42 > SR > MERIE S > A2 1L >
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Table 4 Total enzyme activity index ( TEI) in the soil relative to type of forest stand
M54 5 Woodland T2 AR 1 MR + 2 N N
) SRR A TET
No. Soil layer (em) TEI Woodland No. Soil layer (em)

0~10 11.01 0~10 8.82

1 4
10~20 5.9 10~ 20 4.92
0~10 8.11 0~10 11.26

2 5
10 ~ 20 4.04 10 ~ 20 7.6
0~10 7.37 0~10 5.51

3 6
10 ~ 20 4.53 10 ~ 20 4.94

WA > B R, ZAZ 58 PR2H02546.84%, 1
e R EE TS PEAE L2 N0 ~ 10 emfE T10 ~ 20
em, BiGHR2 LJZRAMHZER K (50.18% ) ,
FRIR A M 228/ (0.10% ) o 38 B iR g 3% b
53 a R A M AR 2 W Ok
EAME (r=0.594 ~0.722) , 5B W& AH &
(r=0.691) , SEF4eZ[ . P-4 51T . MRk
WERR TG . RPERERREG . FDA K B 52 4% 535 A G
(r=0.733~0.988) .
2.3 TIEMARMEHTIEREPER

TR BT — Rl R IR, A 2 A8 AR
PEUUNGRE RSt k. b T — 2R
gl AP B - SR TE DR R O3 e Ak Kokt
TIENE T FR /R VR, J3 AT T3 PE B AT 1 3K
9350

K A S R R T e, 1R
FEWEERG 1 M ERI ~ 3R FTr 2 5Tk %
82.80%, MUK FIRT =4~ 3 4 o] K B 25 14 1 X+
B R GRS MES —FEWsFEEE T2

A AR . BUH . TRPERERRNG . BTk RERR N |
FDAJK i i Je B -4 M G B G R, HF
WOy B T A HAE . DR . BRI L,
W= AL . SRR E R R
TIEEEAE A B ERUME R ARG L, AT
B BRUT 2 5Tk % 86.83%, i — LA B-
AT . SPYERE . IREE . PRVEWERREE . ik
BRARAE M FDAK R RI5 B, 6 — Elna & ki a
it )17 2

FREFFAEAE AP 7~ 8 mr i, 193 R 3 180 1Y
PR IAS, BRI 2 A S, AT 1 o
NEJ15 B R GE &M e £ B, R E
WA 0 (£5) o ATAEH, A E
WA EERRFE 10~10 em 2N =8> 8k
BR1 > A2 1IIHFA > IABRIRAE > A > Biti#k2, 10 ~ 20
em I BRASBRIR ZE AP AR 50 ~ 10 emZEAFARL; £
BB RGN0 ~ 10 em + 21550 N =42 > Il
> BORHRL > AR ILAL > BLAHR2 > FARRIESS, 10~ 20
emfF 550 ~ 10 emFEAR—F, 578 8 F R0

RS IHEUFURRIBEBEIERSSHHESES

Table 5 Integrated scores of the principle component analyses of soil chemical properties and soil enzymes

- FERG 1 RERSI
Information system | Information system Il
Woodland No.
0~10 em 10 ~ 20 ¢m 0~10 em 10 ~20 ¢m
1 2.469 -0.796 0.484 -1.128
2 -0.298 -2.642 -0.560 -1.413
3 -0.014 -1.896 2.380 0.023
4 1.376 -1.167 0.330 -1.774
5 2.587 0.592 3.045 1.937
6 0.201 -0.411 -0.795 -2.530
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R0 ] B AR AR AR L R BT S KA R A, RO A B K o SR R

AN
B AA FIAMARIR ZE A1, WA B R G453 1 SR HE
JPRAME . FBHMEERSE T . TZEEMR01HC
ZHB0K0.606", WARIE T HAR LB A — 2L,
A HT (£6) B 5 SRS E5(E B
A1, I REFE, WMEFEHX, BRE+
BRI VEE — R AR TR R B

i 1 B8 TR il T D A /K i P25 SR A, TP P TR
Ml B ARREETE . B ARG LA ZRE 1500 A
W B ANSE, FD AR A 5 S ARG PR A5 B R 4%
I 2B XRITERM LI, X TR

TS, SR PR R B B 8% O 7K
TR

F6 RABEEAEESEEESZEMMBEXE (HE)

Table 6 Correlation matrix of integrated scores with TEI and soil enzyme activity (7 value )

BRG] HRZEL

AR R PETEL
Information system | Information system Il
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Relationships between the Soil Enzyme Activity and Soil Nutrients in Forest
Soils Typical of the Qinling Mountain

YANG Rui" *> LIU Shuai' WANG Ziquan' CAO Yongchang' ZHAO Yiming' HE Wenxiang" *'

GEN Zengchao'
(1 College of Resource and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )

(2 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling, Shaanxi

712100, China )

Abstract [ Objective] As the Qinling Mountain is the division line between the two climate zones,

south and north in China, the mountain, as a result of its huge variation in climate and altitude, has a great
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number of unique forest stands that have never been disturbed by human activities. Therefore, the study on
the soils under these forests, including soil enzymes and nutrients, can be of great reference value to the
studies on other types of soils, and may lay down a foundation for revelation of soil effects relative to forest
stand and selection of optimal forest stands. [Method] In this study, soils samples were collected from five
typical types of forest stands ( Quercus aliena var. acuteserrata, Pinus tabuliformis, Pinus armandii,
Picea asperata, and pine—oak mixture ) at various altitudes, for analysis of activities of seven soil enzymes
and soil nutrients, so as further to determine relationships between the two as affected by type of the forest
stand. [Result] Results show that significant differences in soil enzyme activity and soil nutrient existed
between the forest stands. Properties of the soils were significantly affected by type of forest and bio-environment
conditions, such as attitude. The soil under Picea asperata (one of the dominant well-grown species in the
Qinling Mountain ) was the highest in organic matter, total N, alkalytic N, readily available potassium
and slowly available potassium, and what is more, soil organic matter, total N and alkalytic N followed
similar trends; soil alkaline phosphatase, fluorescein diacetate ( FDA ) hydrolase and the total enzyme
activity index ( TEL ) were in significantly positive or extremely significant and positive relationships with soil
nutrient, which indicates that forest and altitude have similar influences on the three types of enzymes like
soil nutrient does. Principal component analyses ( PCA ) of sole soil enzyme activity and combination of soil
chemical properties and soil enzyme activity were quite similar in result, with integrated scores significantly
and positively related to the above-listed three enzymes. [Conclusion] So soil alkaline phosphatase, FDA
hydrolase and TEI can be used as indicators of quality of forest soils, especially soil alkaline phosphatase
that can be easily used as a single enzyme indicator to reflect soil nutrient condition. Other than those, no soil
enzymes are found so closely related to soil chemical properties.

Key words Woodland; Soil nutrients; Enzyme activity; Principal component analysis; Correlation

analysis
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